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Editorial

The roots of return to sport 

Las raíces de la vuelta al deporte
Giulio Sergio Roi
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Training and sports rehabilitation are based on the same rules, 
originating from the Theory and Methodology of Training1. In both 
cases it is the results that matter. Unlike training, sports rehabilitation 
does not develop through multi-year programming, but it is unluckily 
inserted into the athlete’s life for a limited span of time. Hence, in sports 
rehabilitation the training theory must adapt to the limitations imposed 
by the pathology and its evolution, so for sports physicians and athletic 
trainers it is necessary the acquisition of a sound knowledge regarding 
the different pathologies and their treatments together with a sound 
knowledge of the Theory and Methodology of Training. 

Some years ago, the concept of “functional outcome” was intro-
duced to point out “the functional result of a treatment process”2. This 
concept implies that the physical condition of an injured athlete must 
be periodically measured conducting specific tests and analyzed to 
implement the corrections imposed by the evolution of the pathology, 
from the moment of diagnosis to that of discharge3. In this way, thinking 
in terms of measurable expected results4 pushes to raise the threshold of 
attention of healthcare professionals, improving the quality of therapeu-
tic decisions. This approach increases the awareness of the physician in 
charge of the patients, stimulating to face the effectiveness of her/his 
intervention and that of the colleagues and collaborators, which must 
work together in a team.

The rehabilitation process is a complex phenomenon since it is 
influenced by multiple factors. However, it is also dynamic5 since it 
continually evolves over time because of the interaction of different 
factors with each other. There is strong evidence for considerable 
heterogeneity in the responsiveness to regular physical activity and 
rehabilitation. Age, sex, and ethnic origin are not major determinants 
of human responses, whereas the pretraining level of a phenotype has 

a considerable impact in some cases6. Familial factors also contribute 
significantly to variability in training response5 and in cardiorespiratory 
fitness7 affecting the sports rehabilitation process.

Therefore, modern sports rehabilitation must overcome the re-
ductionist approach, based on static and simplistic analyzes8 without 
considering not only the complexity, but also the dynamicity of biolo-
gical phenomena regulated by several delicate feedback mechanisms.

In 1995 Wilson and Cleary9 proposed a model with five levels of 
outcome, starting from the cellular one, and moving to that of the indi-
vidual (the person), up to the interactions of the individual as a member 
of the society. The conceptual complexity of each level increases pro-
ceeding from the cellular to the social level, which therefore becomes 
of increasing difficulty to define and measure.

Overcoming the reductionist approach can only be achieved by 
intimately understanding the different components of the functional 
outcome. These components are embodied by the various professionals 
met by an injured athlete during her/his personal therapeutic journey. 
These operators too often struggle communicating with each other, sin-
ce they come from different educational backgrounds, leading to focus 
on their discipline (or knowledge) and on their specific skills. In this way 
they reduce the human body to a set of individual parts (or functions) 
and sub-parts (or sub-functions), which cannot necessarily represent 
the complexity and the unicity of the human being. This attitude leads 
them to reduce the possibilities of impacting the functional recovery 
and to conceive the injured athlete as a person as a whole, the same 
way conceiving the rehabilitation as a whole10.

There is a prerequisite to access the anti-reductionist approach, 
which derives from the definition of health proposed by the World 
Health Organization: “State of complete physical, mental and social well-
being and not simply the absence of disease or infirmity”. By adopting this 
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definition, the post-injury recovery process cannot be limited to the 
restitutio ad integrum of the affected zone of the body, but must consider 
also the psychological and social aspects, increasing the complexity of 
the intervention. Despite the variability in the definition of return to sport 
(RTS) used in the literature11,12, RTS is  actually a very complex process 
developed along a continuum that includes the return to training (RTT), 
the return to competitions (RTC) and finally, the return to performance 
(RTP)13. It follows that to establish whether an athlete can return to 
sport, both in training and/or in competition, we should adopt almost 
five criteria. 1) Clinical criteria: consisting of absence of pain, swelling, 
other signs of inflammation, complete healing process, complete range 
of motion, and good joint stability. 2) Functional criteria: investigated 
by functional assessment tests, including body composition (often 
ignored), recovery of strength and absence of deficits in the strength 
tests carried-out in the laboratory and in the field, also including the 
recovery of endurance and rate of force development; recovery of 
physical fitness and aerobic and anaerobic power and endurance. 3) 
Biomechanical criteria: investigated by tests referring to the recovery of 
motor patterns, certifying the absence of deficits in movement analysis 
tests. 4) Psychological criteria: fear of reinjury and psychological attitudes 
of the patients, identifying those who could benefit from psychological 
support. 5) Specific sport and social criteria: shared with coaches and 
technicians, reaching specific objectives relating to the sport practiced, 
including the ability to sustain volumes and intensities of trainings and 
competitions, but also overall lifestyle indicators including nutrition 
and sleep, together with other healthy measures (i.e., smoking habit).

Finally, it is interesting to note that there are numerous question-
naires available to evaluate functional outcomes also from the patient’s 
point of view14. Even the use of these questionnaires can indicate the 
adoption of a reductionist or anti-reductionist approach. In fact, there are 
questionnaires to evaluate only the functionality of the injured limb (e.g., 
the IKDC questionnaire), and questionnaires to evaluate the overall state 

of health and the quality of life (e.g., the SF-36 questionnaire). Obviously, 
we should use both, working in team to overcome the antireductionist 
approach to RTS.
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Summary

This study investigates the impact of Guanidinoacetic Acid (GAA) supplementation in basketball, a high-intensity sport requi-
ring optimal nutrition and recovery strategies. Ergogenic aids like Creatine (CRM) are common, but GAA, a creatine precursor, 
may be more beneficial. Involving 31 semi-professional male and female players, the study compared GAA, CRM, and placebo 
groups. Results showed significant physical performance improvements in females using GAA, particularly in Counter Move-
ment Jump (CMJ) and Handgrip (HG). Male GAA users showed CMJ improvements, while CRM enhanced cognitive functions 
in males. The study suggests GAA’s potential in enhancing physical performance, especially in women, and highlights the 
need for further research on GAA and CRM effects, considering gender differences.

Key words: 
Ergonutritional. Basketball.  

Creatine. Guanidino Aceit Acid. 
Sports Nutrition.
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Resumen

Este estudio examina el impacto de la suplementación con Ácido Guanidinoacético (GAA) en el baloncesto, un deporte de 
alta intensidad que demanda estrategias de recuperación nutricional óptimas. Aunque la Creatina Monohidrato (CRM) es 
una ayuda ergogénica muy utilizada para este fin, se ha hipotetizado que, el GAA, precursor de la creatina, podría ofrecer 
mayores beneficios. La investigación, que involucra a 31 jugadores semiprofesionales de ambos sexos, compara grupos que 
recibieron GAA, CRM y placebo. Los resultados revelan mejoras significativas en el rendimiento físico de las mujeres que 
utilizaron GAA, especialmente en el Salto con contra movimiento (CMJ) y la Fuerza Manual (HG). Por otro lado, los hombres 
que emplearon GAA experimentaron mejoras en el CMJ, mientras que la CRM potenció sus funciones cognitivas. Este estudio 
señala el potencial del GAA para mejorar el rendimiento físico, destacando su relevancia particular en mujeres, y subraya la 
necesidad de investigaciones adicionales sobre los efectos del GAA y la CRM, considerando las particularidades de género.

Palabras clave:  
Ergonutrición. Baloncesto. Creatina. 

Ácido guanidino acético.  
Nutrición deportiva.
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Introduction

In basketball, players must manage intense, fast-paced play with 
minimal rest, challenging both their physical and mental capacities. 
They also contend with external pressures such as frequent travel, 
limited sleep, and a dense game schedule. Thus, prioritizing proper 
nutrition and effective recovery tactics is essential for optimizing their 
performance and readiness in this demanding sport1. In particular, in 
certain circumstances, the use of ergogenic aids may also be neces-
sary to support players in achieving their performance goals2. Among 
them, one of the most popular ergogenic aids for the past 30 years has 
been creatine monohydrate (CRM)1. It is widely considered safe and 
reliable for athletes and also, has been associated with potential bene-
ficial effects on physical conditioning and cognitive performance1, as 
well as promoting recovery1. Due to these benefits, basketball players 
have long used CRM supplementation to improve their physical and 
cognitive performance and recover. However, CRM presents some 
limitations such as low solubility in water, transportability issues, and 
heterogeneous response among individuals (non-responders)1. To 
overcome these limitations, researchers are studying studied other 
novel formats of CRM3. Despite the emergence of various alternative 
forms of this product, none of them have yet surpassed the efficacy 
of CRM in enhancing muscle uptake and high-intensity exercise per-
formance4. While creatine citrate, creatine pyruvate, and magnesium 
creatine chelate have shown some potential, they do not exceed CRM 
in terms of muscle uptake and their evidence base is less robust4. Other 
forms, such as creatine ethyl ester, buffered creatine, and creatine nitrate, 
lack substantial supportive evidence. However, guanidinoacetic acid 
(GAA), a precursor of creatine, has been proposed as an advantageous 
and interesting alternative for CRM supplementation5. 

The first evidence of its performance-enhancing effects dates 
back to the early 1950s6. The GAA is naturally synthesized in the kidney 
and pancreas through an enzyme-catalyzed step from L-arginine and 
glycine, ultimately leading to the formation of creatine. It is theorized 
that oral administration of GAA is easily absorbed from the gastroin-
testinal tract and rapidly metabolized to creatine6, improving cellular 
bioenergetics6 and acting as fuel in high-energy-demand tissues such 
as skeletal muscle and the brain7. 

Additionally, the response to GAA seems to be more significant in 
terms of performance for individuals compared to non-responders8. 
The administration of guanidinoacetic acid (GAA) is widely recognized 
as safe and has been associated with beneficial effects that outweigh 
its potential side effects9. While caution must be exercised regarding 
potential neurotoxicity10, GAA has demonstrated its efficacy even at low 
doses, typically ranging from approximately 1.2g/d1.2 g/d to around 
5g6. In male athletes, GAA was associated with enhanced high-intensity 
anaerobic performance and increased body creatine levels11, suggesting 
its potential as an ergogenic aid. Meanwhile, women with Chronic Fa-
tigue Syndrome experienced improvements in muscular strength and 
aerobic power following GAA supplementation12. Moreover, GAA has 
been linked to enhanced brain performance, suggesting its potential 
cognitive benefits7. 

While these outcomes are significant across various athletic disci-
plines, they hold particular importance in high-intensity, intermittent 
sports like basketball. In basketball, the fundamental importance of 
lower body power and force production, particularly for actions such as 
jumping, is well recognized. This is often measured using the Counter 
Movement Jump (CMJ) test, which closely mirrors in-game jumping 
demands. The outcomes from this test highlight the essential role of 
ample creatine reserves in the lower body for optimal basketball per-
formance1. Similarly, the capacity to generate force through explosive 
upper body movements, crucial for actions like throwing, shooting, and 
passing, underscores the importance of creatine stores in facilitating 
strength and power output. Equally, the Medicine Ball throw test pro-
vides valuable insights into these upper body strength requirements 
in basketball. Moreover, cerebral creatine reserves are vital to support 
cognitive abilities in sports performance7, including maintaining focus, 
activating/inhibiting automatic responses, and adapting to changing 
situations on the court. These cognitive demands can be assessed 
using specific tests such as reaction time or Stroop On/Off, potentially 
indicating the use of cerebral creatine reserves. The potential of CRM to 
facilitate recovery is increasingly recognized, not confined to the court 
but extending to post-exercise recuperation, which is essential for an 
ergogenic aid in the context of basketball2. This includes its capacity to 
aid in glycogen restoration and attenuate increases in creatine kinase 
and delayed-onset muscle soreness13. Despite the limited data on GAA's 
role in recovery, it is postulated to contribute to recovery by enhancing 
insulin sensitivity, modulating GABA neurotransmission, promoting 
vasodilation, or being utilized in an unidentified metabolic pathway 
instigated by intense exercise11.

The outcomes observed in prior research, in alignment with the 
unique requirements of basketball, invite the hypothesis that GAA may 
have a potential ergogenic effect in basketball players. To the best of 
the authors' knowledge, this study is the first examining the effective-
ness of GAA supplementation in the area of basketball performance. 
The main aim of this study is to investigate the potential effects, of GAA 
as an effective ergo nutritional in basketball. As a secondary aspect, 
and parallel to this research, a comparative study will be conducted 
against CRM to investigate potential differences between these 
supplementation strategies. Finally, this work also aims to provide 
detailed information specifically for female basketball players. This is 
important because most studies in this field are conducted on men, 
and the data is subsequently extrapolated to the female population. 
This approach often overlooks the possibility that women's responses 
could be different.

Design

Thirty-one non-vegetarian basketball players, originally 33 but 
reduced due to team change and COVID-19, participated in this study. 
The group comprised 17 semi-professional female players from various 
Spanish divisions (average 24 years, 1.78m, 67.85kg) and 14 male players 
(average 23 years, 1.92m, 85.81kg). Inclusion criteria included players 
aged 16-40 in Spanish divisions, attending most practice sessions, no 
recent injuries, and no drug/supplement use. Vegetarians, those with 
metabolic disorders, or recent injuries were excluded.
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The study, approved by the Basque Country University Ethics 
Committee and adhering to the Declaration of Helsinki and EU data 
regulations, was a simple-blind, placebo-controlled trial during the 
2021-2023 seasons. Participants were divided into three groups: guani-
dinoacetic acid (GAA), creatine Monohydrate (CRM), and placebo, with 
detailed demographics provided for each group.

Participants were administered either a GAA product (compri-
sing 2g of CRM and 2g of GAA, sourced from CreGAAtine, Applied 
Bioenergetic Lab and Carnomeda), CRM (4g, Nutrisport), or a Placebo 
(4g Maltodextrine, Decathlon). The selected doses were based on the 
safety and efficacy of GAA and CRM in exercise, sport, and medicine. 
Each product was provided to the participants in sachet form prior to 
the commencement of the experiment. Instructions were given to 
consume the product during main meals, allowing them to choose 
either lunch or dinner to better fit their daily routines. This was done to 
enhance adherence and minimize the risk of gastrointestinal issues1.

Each participant underwent two trials and was assessed before 
and after 4 weeks of supplementation. Physical, cognitive, and body 
composition variables were measured to evaluate differences induced 
by the interventions across the three groups (Figure 1).

During testing days, participants warmed up at their basketball 
court for 15 minutes, led by a coach. The warm-up routine included 8 
minutes of jogging, 5 minutes of full-body stretches, and 3 minutes of 
intense running14.

After warming up, participants performed tests including Medicine 
Ball throw, Handgrip, Counter Movement Jump, Stroop tests, and LED 
Reaction time. They were familiar with these tests and practiced each 
three times. Staff demonstrated correct techniques. Recovery periods 
of 5 minutes were given between some tests, with 3 minutes for others. 
No break was provided between Handgrip and Counter Movement 
Jump tests. Feedback was given during tests to maximize performance.

Material and method

To assess lower neuromuscular performance: the CMJ test, a widely 
used field test in basketball research15, was employed to assess lower 
body neuromuscular performance. Each participant performed three 
maximal jumps with a two-minute rest interval between jumps15. To 
ensure accurate measurement, the validated and reliable smartphone 
app My Jump Lab®16 was utilized to record and analyze the jumps. To 
asses upper Neuromuscular Performance, the Handgrip (HG) test, a 
widely used method to assess upper body dynamic strength17, was 
performed by participants. They executed three maximal handgrip 
contractions with their dominant hand, and the best attempt was re-
corded. The Medicine Ball (MB) test, another common test in basketball 
research, was also conducted. Participants were instructed to perform a 
horizontal medicine ball throw using a two-hand chest pass movement, 
following established protocol instructions18. Female participants used 
a 3kg medicine ball, while male participants used a 5 kg medicine ball. 
To ensure accurate measurement, the throws were recorded using two 
strategically positioned video cameras for clear visibility. Subsequently, 
each throw was analyzed by two researchers using the Kinovea analysis 
software, achieving a high intra-class correlation coefficient of 0.9919.

Regarding cognitive performance, to assess psychomotor Speed 
and Cognitive Flexibility, the SO and SOFF tests were employed. These 
tests have proven to be sensitive in detecting cognitive impairment20. To 
ensure accurate measurement, a validated and reliable smartphone app, 
the Stroop Smartphone App, was utilized. The test21 consisted of two 
tasks: 1) "Stroop Off" (the easier task), where participants matched a color 
name to the displayed color; and 2) "Stroop On" (the more challenging 
task), where participants matched the color of the word presented in 
discordant coloring (e.g., the word "blue" displayed in red color). In both 
Stroop modes, the test concluded after five consecutive correct runs. 
However, if a mistake was made, the run was interrupted, and the player 
had to restart. To assess perceptual and decision-making skills (reaction 
time), LED test was used to provide insights into the speed and accuracy 
of player responses22. A reliable and validated test designed for fast-
action sports such as basketball was administered22. Three light sensors 
with LED indicators were positioned at fixed heights on the left, center, 
and right side of the player's defensive position (mass center). Players 
assumed the starting position and promptly touched the illuminated 
LED indicator with either hand, aiming to react as quickly as possible.

Dietary intake and training protocols were closely monitored 
throughout the study. To assess dietary habits, players completed a 
validated Food Frequency Questionnaire (FFQ) that has been utilized 
in previous sports nutrition research23. Through a self-administered 
questionnaire, participants were queried about their health status, die-
tary style, their perception of the adequacy of their nutritional habits in 
relation to recommendations, and their perception of their fitness level 
(Anex 1). To minimize potential interference from dietary changes or 
the use of other nutritional supplements23, participants were instruc-
ted to maintain their usual dietary intake throughout the study period 
and avoid the consumption of any dietary supplements that could 
potentially provide ergogenic benefits. To track their training activities, 
participants completed a self-administered questionnaire detailing their 
weekly team practice duration and frequency of resistance training 
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sessions24. Additionally, to evaluate the potential side effects associated 
with GAA, CRM, or PL supplementation, players were asked to report any 
adverse effects on their gastrointestinal system through an online survey 
(https://form.typeform.com/to/fks2Xck8). The survey was available until 1st 
December 2022, with the last access to the link recorded on 10th January 
2023 (Survey Close Date: 1-12-2022; Last access to the link 10-01-2023). 
Participants were also requested to provide subjective assessments of their 
overall health status, dietary habits, eating patterns, and physical fitness level.

Statistical analysis

Data was analyzed using descriptive statistics (mean, standard 
deviation) for normality and homoscedasticity. Student's t-tests were 
applied to normal data, and Wilcoxon rank-sum tests for non-normal 
data. Group comparisons were conducted, categorizing effect sizes 
(trivial <0.20 to very large >2.0).

Players' outcomes were classified into responders (>10% difference), 
quasi-responders (5%–10% difference), and non-responders (<5% diffe-
rence) based on previous research. Categories included non-responders 
(≥50% variables reported as "non-responders"), responders (≥50% 
variables reported as "responders"), and quasi-responders. Significance 
was set at P <0.05, analyzed with SPSS® 26.0 and R 4.2.2.

The study used a 2-way ANOVA (group × trial) with Bonferroni-
corrected post-hoc tests to analyze changes. Effect size was measured 
using partial eta squared. Responders surpassed the smallest worthwhile 
change (SWC), set at 0.2 times the between-participant deviation, signi-
fying the minimum change above measurement error at 95% confidence.

Results 

A total of 31 semiprofessional basketball players (17 female pla-
yers from the 1st, 2nd, 3rd, and Spanish Basketball Divisions and 14 
male players from the 2nd and 4th divisions) completed the study. No 
differences were found among groups regarding their health status, 
diet type, eating habits, fitness level, weekly team practice minutes, 
or weekly resistance frequency. Only one player (CRM group: 3.2%, 
P >0.05) reported gastrointestinal adverse symptoms whereas the other 
volunteers (96.8%) reported no major side effects after they participated 
in the study. Eleven players (52%) were categorized as responders, five 
as quasi-responders (24%), and five as non-responders (24%). The se-
condary outcomes for: 1) Anaerobic neuromuscular performance (MB, 
HG, CMJ) (Table 1); 2) cognitive performance (SO, SOFF, LED) (Table 2) 
were assessed at baseline (pre-intervention; T1) and 4-week follow-up 
(post-intervention; T2). 

Table 1. Physical condition outputs in the three study groups at the baseline (T1) and after 4 weeks (T2).

Sex Group T1 T2 Delta %VAR p D P n2p MBI

(TXG)

MB

Female GAA 2.79 ± 0.28 2.81 ± 0.24 0.02 ± -0.04 1.02 ± 3.35 0.530 -0.32; small 0.05 B 0.18 Most Likely Trivial Increase.

CRM 3.07 ± 0.44 3.06 ± 0.37 -0.04 ± -0.01 0.03 ± 5.36 0.900 -0.36; small Most Likely Large Increase.

PL 3.86 ± 1.87 3.84 ± 1.94 -0.01 ± 2.62 -1.22 ± 2.49 0.500 0.12; very small Unclear Difference.

Male GAA 3.47 ± 0.16 3.52 ± 0.14 0.05 ± 0.02 1.47 ± 1.81 0.200 -0.09; very small 0.65B

0.13A
0.15 Likely Trivial Increase.

CRM 3.77 ± 0.38 3.91 ± 0.37 0.14 ± 0.1 3.62 ± 1.83 0.010 0.02; very small Most Likely Trivial Increase.

PL 3.73 ± 0.41 3.67 ± 0.47 0.06 ± 0.06 -1.52 ± 3.59 0.430 0.01; very small Most Likely Trivial Decrease.

HG

Female GAA 38.71 ± 6.65 41.71 ± 5.77 3 ± -0.88 8.32 ± 5.19 0.003 -0.38; small 0.743 0.16 Likely Trivial Increase.

CRM 34.8 ± 3.56 37.2 ± 2.59 -0.88 ± 2.4 7.35 ± 7.56 0.09 -0.18; small Almost Certainly Very Large Increase.

PL 41.2 ± 4.97 41 ± 4.95 0.2 ± 0.2 -0.45 ± 2.49 0.700 -0.14; medium Almost Certainly Very Large Increase.

Male GAA 55.75 ± 7.23 58.5 ± 7.33 2.75 ± 0.10 5.03 ± 3.02 0.040 -0.48; small 0.072 0.10 Most Likely Trivial Increase.

CRM 57.6 ± 9.02 59.2 ± 8.56 2.4 ± 0.46 2.95 ± 3.74 0.150 -0.77; very small Most Likely Trivial Increase.

PL 53.4 ± 4.34 54 ± 4.18 0.6 ± 0.16 1.15 ± 1.05 0.070 0.04; very small Most Likely Trivial Increase.

CMJ

Female GAA 28.84 ± 4.36 30.47 ± 3.85 1.63 ± -0.51 6.01 ± 3.37 <0.001 -0.22; small 0.850 0.16 Most Likely Trivial Increase.

CRM 30.63 ± 3.06 32.45 ± 5.15 -0.51 ± 1.82 5.55 ± 6.65 0.160 -0.13; very small Likely Moderate Increase.

PL 26.83 ± 5.71 26.56 ± 5.74 0.27 ± 0.3 -1.04 ± 1.51 0.200 0.03; very small Likely Moderate Increase.

Male GAA 39.4 ± 2.94 40.14 ± 3.77 0.74 ± 0.83 1.79 ± 2.57 0.260 -0.4; small 0.013B

0.263A
0.28 Most Likely Trivial Increase.

CRM 36.26 ± 4.26 36.88 ± 5.05 0.94 ± 0.79 1.52 ± 4.08 0.410 -0.43; small Most Likely Trivial Decrease.

PL 34.17 ± 3.55 34.07 ± 4 0.10 ± 0.45 -0.4 ± 2.68 0.790 0.05; very small Most Likely Trivial Decrease.

Data are expressed as mean ± standard deviation. Two-factor repeated-measures ANOVA. A GAA Vs CRE; BGAA Vs CONT; CCRE Vs GAA; DCRE Vs CONT.
*Significantly different between study points (T1 Vs T2) P <0.05.
MB: Medicine Ball; HG: Handgrip; CMJ: Counter Movement Jump; GAA: Guanidinoacetic acid group; CRM: Creatine Monohydrate group; PL: Placebo group; %VAR: Percentage of variation; 
D: Cohen’s D; VS: Very Small; S: Small; P (TxG): Group-by-time interaction.
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In terms of anaerobic neuromuscular performance, female group 
players who supplemented with GAA exhibited notable and statistically 
significant enhancements in their CMJ results (6.01+3.37%; P <0.001; 
ES  = 0.22, small), and HG (8.32+5.19%; P = 0.003; ES = 0.38; small) per-
formance. No differences were found in the MB (1.02 + 3.35%; P = 0.53; 
ES = 0.32; small). However, for the MB, ANOVA revealed a significant 
effect of the group, regarding treatment Vs. time. Post-hoc comparisons 
indicated that the GAA group showed significant (0,05) improvements 
in the MB compared to the control and CRM groups. In contrast, CRM 
supplementation did not yield significant improvements in any mea-
sured anaerobic neuromuscular performance variables. Comparatively, 
the PL group did not show any significant differences. Regarding male 
group, while no significant differences were initially comparing GAA, 
CRM and PL groups, the application of one-way ANOVA tests revealed 
statistically significant differences. Specifically, these differences favo-
red the GAA group when compared to the PL group in CMJ (0.,013). 
Furthermore, effect size calculations using eta squared (η²) showed a 
significant interaction (0.28) effect for CMJ.

When it comes to cognitive performance, the inclusion of GAA 
supplementation in the female group also yielded a beneficial effect 
on LED (-6.03+6.6%; P = 0.040; ES = 0.02; very small) whereas SOFF 
(0.39 + 0.94%; P = 0.32; ES = 0.01; very small) and SO (-0.4 + 0.9; P = 0.37; 

ES = 0.01; very small) did not show significant differences. Regarding 
SO, the ANOVA did detect significant interactions regarding treatment 
Vs. time, and the posterior Bonferroni corrected post hoc test revealed 
significant improvements in favor of the GAA group (0.008). No differen-
ces were found in both the CRM and PL group. In the male group, initial 
raw data analysis did not reveal any noticeable differences in cognitive 
performance among the GAA, CRM, and PL groups, further analysis 
using one-way ANOVA tests revealed nuanced variations. Specifically, 
the ANOVA tests detected a significant difference in the SOFF, favoring 
the CRM group over the PL group (0,001), and the GAA group over the 
CRM group (0,001).

Discussion

This study investigated the ergogenic effects of GAA in basketball 
players, comparing its impact on males and females and against 
CRM. Results indicate GAA enhances anaerobic performance in 
females (MB, HG, CMJ) and CRM improves cognitive functions in 
males. However, varied gender responses suggest more research is 
needed to understand GAA and CRM effects and to optimize supple-
mentation strategies in sports performance, particularly exploring 
gender-specific impacts.

Table 2. Cognitive performance outputs in the three study groups at the baseline (T1) and after 4 weeks (T2).

Sex Group T1 T2 Delta %VAR p D P n2p MBI

(TXG)

SON

Female GAA 47.14 ± 6.15 46.95 ± 6.05 -0.19 ± -0.1 -0.4 ± 0.9 0.370 0.01; very small 0.008A 0.27 Most Likely Trivial Decrease.

CRM 52.21 ± 2.14 54.66 ± 6.78 -0.1 ± 2.45 4.49 ± 9.34 0.340 0.69; medium Possibly Small Increase.

PL 48.14 ± 2.42 47.66 ± 2.34 0.48 ± 0.10 -0.81 ± 6.6 0.750 0; very small Possibly Moderate Increase.

Male GAA 50.05 ± 4.78 49.99 ± 4.5 0.06 ± 0.28 -0.07 ± 1.79 0.900 -0.04; very small 0.001A 0.33 Most Likely Trivial Decrease.

CRM 57.38 ± 2.05 54.99 ± 4.47 2.39 ± -2.42 -4.08 ± 8.01 0.310 -0.47; small Possibly Small Decrease.

PL 51.3 ± 4.43 51.3 ± 4.67 0 ± -0.24 0 ± 2.73 0.990 0.6; medium Most Likely Trivial Increase.

SOFF

Female GAA 44.96 ± 4.59 45.12 ± 4.44 0.16 ± -0.15 0.39 ± 0.94 0.320 0.01; very small 0.338 0.26 Most Likely Trivial Increase.

CRM 52.12 ± 0.95 54.18 ± 6.16 -0.15 ± 2.06 3.84 ± 10.14 0.440 0.36; small Possibly Small Increase.

PL 45.1 ± 2.54 36.4 ± 2.48 8.7 ± 0.6 -19.72 ± 44.89 0.380 0.06; very small Unclear Difference.

Male GAA 45.45 ± 4.01 45.39 ± 4.15 0.06 ± -0.14 -0.15 ± 1.98 0.900 0.03; very small 0.001D 0.59 Most Likely Trivial Decrease.

CRM 57.81 ± 3.2 55.77 ± 7.47 2.04 ± -4.27 -3.82 ± 9.02 0.390 -0.49; small Possibly Trivial Decrease.

PL 47.44 ± 4.21 47.22 ± 3.32 0.22 ± 0.89 -0.35 ± 1.79 0.621 0.2; small Most Likely Trivial Decrease.

LED

Female GAA 69.43 ± 9.61 64.86 ± 6.72 -4.57 ± -2.89 -6.03 ± 6.6 0.040 0.02; very small 0.637 0.14 Possibly Trivial Decrease.

CRM 74.8 ± 6.46 71.2 ± 4.21 -2.89 ± -3.6 -4.45 ± 6.89 0.220 0.41; small Likely Moderate Decrease.

PL 70 ± 4 70.4 ± 3.13 0.4 ± 0.87 0.64 ± 1.72 0.470 0.32; small Likely Trivial Increase.

Male GAA 68 ± 3.74 67.94 ± 3.2 0.06 ± 0.54 -0.05 ± 1.32 0.900 0.55; medium 0.857 0.37 Most Likely Trivial Decrease.

CRM 67.4 ± 6.5 64.16 ± 9.02 3.24 ± -2.52 -4.52 ± 12.58 0.430 0.66; medium Possibly Trivial Decrease.

PL 76.2 ± 6.61 74.49 ± 3.89 1.71 ± 2.72 -1.99 ± 4.21 0.350 -0.11; very small Likely Trivial Decrease.

Data are expressed as mean ± standard deviation. Two-factor repeated-measures ANOVA. A GAA Vs CRE; BGAA Vs CONT; CCRE Vs GAA; DCRE Vs CONT.
*Significantly different between study points (T1 Vs T2) P <0.05.
SON: Stroop On; SOFF: Stroop Off; LED: Reaction Time; GAA: Guanidinoacetic acid group; CRM: Creatine Monohydrate group; PL: Placebo group; %VAR: Percentage of variation; D: Cohen’s D; 
VS: Very Small; S: Small; P (TxG): Group-by-time interaction.
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Basketball is a sport characterized by many intermittent high-
intensity actions1 in which the aerobic energetic system is quantitatively 
higher, but the anaerobic pathways are qualitatively decisive1. Both 
male and female basketball players must deal with numerous situations 
requiring their maximum physical effort throughout a game, leading to 
high levels of fatigue. Consequently, to cope with these demands, proper 
physical condition is crucial to develop optimal performance. Specific 
actions based on jumps or throws are usually measured to describe the 
players' physical readiness because the tests involve physical demands 
like those of the game. 

In the context of the MB test, the effects of GAA and CRM supple-
mentation showed distinct differences between male and female 
groups. The GAA group demonstrated significant improvements over 
time, hinting at a positive impact of GAA supplementation on upper 
body neuromuscular performance in basketball players, irrespective of 
gender. For the female group, the possibility of a heightened sensitivity 
to GAA12 supplementation may have underpinned these improvements. 
This holds substantial implications given that upper body strength is a 
pivotal aspect of basketball performance, primarily in actions such as 
rebounding and shooting, which necessitate robust arm and shoulder 
movements. The male group also exhibited a positive response to GAA 
supplementation, albeit less pronounced than their female counterparts. 
This may be attributable to the typically higher initial muscle mass and 
strength in male athletes25, potentially resulting in a less noticeable 
impact of GAA supplementation. 

Comparatively, between the GAA and CRM groups, GAA appeared 
to have a superior effect on MB performance, suggesting that GAA 
might offer additional ergogenic benefits in the context of basketball 
performance.

The CMJ test is one of the most commonly used field tests in the 
basketball literature to assess lower body neuromuscular performance. 
Our findings suggest that supplementing with GAA may improve it, 
particularly among female athletes. The male group, on the other hand, 
showed only marginal improvements after CRM supplementation.

Dietary GAA has been observed to improve cellular bioenergetics 
by stimulating creatine biosynthesis, which may be the primary me-
chanism6 driving the observed enhancements in CMJ performance. 
This mechanism has been widely observed in CRM supplementation 
reporting explosive/strength gains in the lower body and aerobic 
power. Creatine raises levels of intramuscular PCr, in combination with 
a phosphoryl group (Pi) via the enzymatic reaction of creatine kinase 
(CK)26. This rephosphorylation of the adenosine diphosphate accelera-
tion resynthesis and maintain ATP bioavailability which as result allows 
muscle fiber to develop fast and strong muscle contractions. Another 
mechanism that would explain these results is, the role of creatine in 
calcium recapture in the sarcoplasmic reticle, leading to a more rapid 
actin-myosin cross-cycle, and therefore enhancing muscle strength and 
endurance26. However, the physiological roles of GAA extend beyond 
creatine synthesis. It has been found to stimulate hormonal release and 
neuromodulation, alter the metabolic utilization of arginine, and adjust 
oxidant-antioxidant status6. This hypothesis is supported by creatine´s 
ability to reduce the formation of reactive oxygen species through 
an ADP-recycling mechanism via mitochondrial CK27. Also, regarding 
the protective effect on glycogen storage, oral CRM supplementation 

increases GLUT4 protein content28 and therefore increases the ability 
to uptake glucose29. This way, GAA may promote faster recovery and 
better performance. 

For instance, the stimulation of hormonal release could induce 
higher levels of growth hormone or testosterone, which are known to 
enhance muscle strength and power. The neuromodulator role of GAA30 
could potentially improve the efficiency of neuromuscular transmission, 
leading to more effective force production during the CMJ. The physio-
logical mechanisms underlying this observation could be multiple and 
complex. Dietary and pre-existing muscle creatine status can influence 
the efficacy of CRM supplementation1. Given that males typically have 
higher baseline creatine levels due to higher muscle mass25 it's plausible 
that they might not experience the same degree of benefit from CRM 
supplementation as females do from GAA. Finally, it's unclear whether 
GAA offers a superior benefit in terms of enhancing handgrip strength 
and the differences between males and females. 

The reasons for this difference are not fully understood but may 
relate to neural, muscular, or motor learning traits.

Basketball places significant cognitive demands on players, 
requiring quick, accurate responses to unpredictable events in high-
uncertainty conditions. This leads to psychobiological fatigue, impacting 
motor skills and decision-making. Our study on GAA supplementation 
offers insights to address these challenges. 

Female participants who took GAA showed notable improve-
ments in LED task performance, indicating better reaction time and 
eye-hand coordination. This aligns with the fact that females typically 
have a smaller creatine pool in the upper body compared to males, 
highlighting the potential benefits of increased creatine synthesis from 
GAA supplementation in such situations.

Another possible mechanism that may explain the improvement 
is the elevation of GAA concentrations in specific brain regions such as 
cerebellum31. While CRM supplementation increases muscle storage to 
a greater degree than in brain tissue32, this small contribution seems to 
protect athletes from mental fatigue33. 

When mental fatigue occurs (low PCr among other things), a fe-
edback signal controls the suppression of the excitatory transmission, 
preventing exhaustion and fatal damage. In periods of high neuronal 
activity, adenosine, acting through A1R and A2AR receptors, plays a key 
role in brain function by balancing excitatory and inhibitory signals, and 
fostering synaptic plasticity34. In the event of a brain insult, A1R initiates 
a protective response, but prolonged activation can lead to desensiti-
zation. Conversely, A2AR is upregulated potentially triggering adaptive 
changes, yet this might worsen brain damage, making A2AR blockade 
a potential neuroprotective strategy34. GAA's ability to raise the brain's 
total creatine storage, and particularly in the cerebellum31 can acts as 
a rapidly accessible energy reserve for the regeneration of ATP, leading 
to a protective neural excitability effect, showing, therefore, meaningful 
differences when compared with CRM.

In contrast, the male participants did not initially exhibit any signifi-
cant cognitive performance improvements following supplementation. 
However, deeper analysis using a one-way ANOVA revealed significant 
enhancements in the SOFF task performance in the groups supple-
mented with CRM and GAA, with GAA displaying a superior efficacy. 
This difference could be rooted in the metabolic role of GAA, thereby 
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enhancing energy metabolism in high-energy demand tissues such 
as the brain31. 

Furthermore, GAA may also stimulate nitric oxide production, 
improving cerebral blood flow, and consequently, oxygen and nutrient 
delivery to the brain, bolstering cognitive function35. 

The observed gender-based differences in the responses to GAA 
supplementation underscore the role of physiological characteristics 
and gender-specific creatine distribution in influencing cognitive 
performance. The evidence that females, typically characterized by 
lower upper body creatine levels25, may stand to benefit more from 
GAA supplementation, stresses the potential utility of gender-tailored 
supplementation strategies in sports performance. Our findings invite 
us to hypothesize that GAA may also be superior to CRM to facilitate 
cognitive recovery in basketball players who are typically exposed to 
chronic mental fatigue, such as sleep deprivation. However, new re-
search lines would be necessary to support this hypothesis.

This article acknowledges limitations, including a small sample size, 
challenging to increase in elite sports and amid the COVID-19 pandemic. 
Despite this, the study's strength lies in its real-world setting during the 
2020-2022 competitive period, adding ecological validity to the GAA 
and CRM behavior analysis. A notable drawback is the inability to track 
women's hormonal phases, yet the research still contributes valuable 
insights for female basketball players. The study duration was limited 
to four weeks.

The study's findings are relevant for high-level sports requiring 
quick results. While it didn't use biological techniques like blood tests 
for primary outcomes, it utilized non-invasive, cost-effective methods 
for assessing nutritional interventions. A key strength is the study's 
ecological validity and its replicable methodology, beneficial for sports 
scientists, trainers, nutritionists, and coaches.

Future research should focus on comparing GAA and CRM, par-
ticularly their cognitive effects, for more conclusive evidence. More 
studies are needed to understand GAA and CRM's impact in basketball, 
uncover their mechanisms, and refine supplementation strategies. It's 
important for researchers and sports professionals to consider gender 
and individual differences in exploring these supplements to enhance 
basketball performance.

Conclusions

GAA supplementation improved physical performance in fema-
les, notably in CMJ, handgrip strength, and medicine ball throw. CRM 
showed cognitive benefits for males, enhancing attention and control. 
Further research should examine these supplements' specific effects in 
basketball, considering gender differences. Thus, female players could 
use GAA to boost physical abilities, particularly lower body and upper 
body strength. Male players might also benefit from CRM and GAA's 
cognitive enhancements.
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Original article

Summary

Currently, the studies that have been carried out on sports injuries are mostly focused on physical factors as the main cause; 
however, empirical evidence shows the importance of psychological factors. Therefore, we must focus on identifying the most 
relevant variables surrounding sports injuries, that is, those that can influence their appearance and/or rehabilitation. Mental 
health disorders have become one of the most relevant problems today, and with it, the risk of suffering an injury is increasing. 
The objective of the present study is to carry out a systematic review of the scientific literature to know which mental health 
indicators are the most common in relation to sports injuries in elite athletes. A systematic review of the scientific literature 
will be carried out in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines. For this purpose, various databases have been used, such as: Scopus, Scielo, ResearchGate, MedlinePlus, Dialnet 
and Google Scholar. The selected documents were 6, all of them review articles published between 2016 and 2022. The results 
indicate that: there is a relationship between mental health and sports injuries; the prevalence of mental health symptoms 
in sport increases the risk of injury and delays rehabilitation; the number of injuries negatively affects the athlete’s mental 
health; Injuries can increase the risk of mental health problems and adverse behaviors. In conclusion, this review shows how 
mental health indicators are significantly related to sports injuries, and how their relationship can lead to incorrect recovery 
for the athlete and/or being more exposed to suffering from it.

Key words: 
Mental Health. Athlete. Athletic 

injuries. Systematic review.
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Resumen

Actualmente los estudios que se han llevado a cabo sobre las lesiones deportivas están centrados en su mayoría en los 
factores físicos como causa principal, sin embargo, la evidencia empírica muestra la importancia que ejercen los factores 
psicológicos. Por ello, debemos incidir en identificar aquellas variables más relevantes en torno a la lesión deportiva, es decir 
aquellas que puedan influir en su aparición y/o rehabilitación. Los trastornos de salud mental se han convertido en uno de 
los problemas más relevantes en la actualidad, y con ello, se está incrementando el riesgo de sufrir una lesión. El objetivo del 
presente estudio es realizar una revisión sistemática de la literatura científica para conocer que indicadores de salud mental 
son los que más inciden en torno a la lesión deportiva del deportista de élite. Se realizará una revisión sistemática de la lite-
ratura científica conforme a las directrices de Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). 
Para ello, se han empleado diversas bases de datos, como son: Scopus, Scielo, ResearchGate, MedlinePlus, Dialnet y Google 
Scholar. Los documentos seleccionados han sido 5, todos ellos artículos de revisión publicados entre 2016 y 2022. Los resul-
tados indican que: existe relación entre la salud mental y las lesiones deportivas; la prevalencia de síntomas de salud mental 
en el deporte aumenta el riesgo de padecer lesiones y retrasa su rehabilitación; el número de lesiones afecta negativamente 
a la salud mental del deportista; las lesiones pueden aumentar el riesgo de problemas de salud mental y comportamientos 
adversos. En conclusión, esta revisión de revisiones muestra como los indicadores de salud mental se relacionan de manera 
significativa con las lesiones deportivas, y cómo su relación puede acarrear en el deportista una incorrecta recuperación y/o 
que esté más expuesto a sufrirla.

Palabras clave:  
Salud Mental. Deportistas. Lesiones 

deportistas. Revisión sistemática.
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Introduction  

The analysis of psychological factors that might impact athletic 
performance should be studied given the currently growing diversion 
in this sector and we need to consider that the number of athletes 
claiming to suffer mental health problems is growing every year1.

The practise of sport and physical exercise can be beneficial activi-
ties for the prevention and even treatment of symptoms stemming from 
mental disorders2,3. Nonetheless, elite athletes sometimes seem to be 
especially susceptible to presenting common mental disorders4,5 and, 
in recent years, the number of athletes suffering from one emotional 
disorder or another seems to be rising considerably.

Consequently, scientific literature reflects the great importance that 
psychological factors have on both the risk of injury and recovery from 
injury6,7. Furthermore, it also reveals the importance of more integrated 
assessment of psychological function within the overall preparation of 
athletes in their training process8.

The mental conditions of an athlete should be dealt with throug-
hout their sports career so as to achieve optimal performance and avoid 
injury9. Several mental health indicators can de detected during the 
sports career of an athlete, including generic stress factors and specific 
factors tied to the sport in question that can increase the risk of mental 
health symptoms and disorders.

Sports psychology researchers have unanimously agree that 
sport — at all levels — exposes the athlete to high levels of stress and 
anxiety10.

Numerous studies and research projects have shown that elite 
athletes — both those currently competing and those who have retired 
from competition — are linked to the deterioration of mental health, 
and depression in particular11.

Finally, tools should be used to recognise mental health in athletes 
and to facilitate the early detection of their symptoms so as to deal with 
them openly. Such reviews would be justified by the fact that there are 
no checks that consider mental health as a fundamental factor in the 
sports injuries suffered by elite athletes. However, there are many partial 
studies that would make this review necessary for revealing the current 
situation of the scientific problem and future research needs, as well as 
psychological intervention recommendations.

The overall objective of this study is to conduct a systematic 
review of scientific literature to reveal which mental health indicators 
are most closely tied to sports injury in elite athletes. More specifically: 
the studies that analyse the links between mental health indicators and 
their ties to propensity in athletes to injure themselves; and the studies 
that analyse the links between sports injury and its impact on mental 
health indicators in athletes.

Material and method

Search Design and Strategy

Review articles have been selected for this study; systematic review, 
meta-analysis and narrative reviews. Documents in both Spanish and 
English were used.

This article contains a systematic review of scientific literature in 
accordance with the guidelines of Preferred Reporting Items for Syste-
matic Reviews and Meta-Analyses (PRISMA) for greater consistency and 
scientific rigour.

The following English keywords were used: athletic injuries, syste-
matic review, elite athletes, mental health. In Spanish, the keywords were: 
lesiones deportistas, revisión sistemática, deportistas élite, salud mental. To 
combine them, and/y were chosen as Boolean operators. Finally, a total 
of 28 documents from various databases published between 2016 and 
2023 were selected (Table 1).

Inclusion and Exclusion Criteria 

A series of inclusion and exclusion criteria were taken into con-
sideration when conducting the systematic review. The criteria for 
inclusion were:

 − Review articles published between 2016 and 2023.
 − Review articles written in Spanish or English.
 − The articles must contain a methodology section.
 − The main topic of the documents must be sports injuries and 

mental health in elite athletes.
Books, reports, empirical articles, consensus articles and theses 

were excluded. Figure 1 shows a flowchart with the selection process 
to choose the documents for systematic review.

Selection of Studies and Extraction of Data

Study eligibility was determined in two steps. Step 1 involved 
collecting a total of 28 potentially relevant quotes. Two of them were 
eliminated for duplicity, leaving a total of 26 quotes. Step 2 involved 
applying the exclusion criteria. Nine of the quotes were eliminated 
at this point. We then assessed and revised the complete text of the 
remaining studies. Verification of the articles led to the elimination of 
four more quotes due to a lack of access to the complete text, meaning 

Table 1. Databases consulted.

Databases Nº of Results 
Obtained

Nº of Related 
Works

Keywords Used

Google 
Scholar

38 7 Mental health and 
sports injuries

Dialnet 12 4 Mental health and 
sports injuries

MedlinePlus 8 3 Mental health, sports 
injuries, elite athletes

PubMed 15 4 Mental health and 
sport injuries

Scielo 21 2 Mental health and 
sport injuries

Scopus 26 8 Mental health and 
sport injuries
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that no additional relevance could be assigned to them. As a result, our 
systematic review includes five original studies that provide evidence 
on mental health in sport and its links to sports injuries.

We searched for information in each original reviewed article on: 
author, year of publication, sample size, age of the subjects, characte-
ristics of the intervention (groups, type of activity, components, pro-
gramme duration, number of sessions and their duration, measurement 
instruments and results obtained).

Study Quality Assessment

The methodological quality of all the primary studies included 
was assessed. Based on a quality assessment tool used previously12 and 
general recommendations on assessing the quality of primary studies, 
we developed a quality assessment tool designed specifically for this re-
view. We included the following quality dimensions: (I) measurement of 
multidimensional perfectionism; (II) sample size; (III) research design; (IV) 
mental health indicators; (V) history of injuries; and (VI) sample design.

Results

Table 2 contains the selection of articles for review. With that, we will 
be able to examine the available scientific evidence both quantitatively 

and qualitatively. Furthermore, its analysis will help reveal what was 
observed and enable us to contribute our own results, which should 
verify the links between mental health and sports injuries in elite athletes.

Discussion 

This study sought to analyse the existing body of knowledge on 
the links between sports injuries and mental health in elite athletes. 
Specifically: 

1.  Determine which studies analyse the links between mental health 
and the propensity of an athlete to injure themselves.

2.  Analyse the links between sports injury and its impact on the 
mental health of athletes.
The results enable reaffirmation of the claim that injuries constitu-

te a fundamental problem in sport due to the epidemiology thereof, 
reflecting a high percentage of occurrence. This demonstrates that 
injuries therefore constitute an inherent phenomenon in the practise 
of sport, as mentioned by specialised scientific literature13, meaning 
that its study should be considered a fundamental issue in training and 
competency processes.

In terms of the first goal, the results of the review carried out indicate 
that a link is observed between mental health and sports injuries14,15. 
Rice3 suggests the need to offer a mental health service to elite athletes. 
Of the five articles analysed, we found that mental health indicators 
(sleep, anxiety, stress, eating disorders, etc.) impact athletes by raising 
their vulnerability to injury and suffering from mental health problems16 
given that these articles provide useful information on preventing and 
intervening on their appearance or minimising the seriousness of the 
sports injury16,17. These factors grow if an athlete injures themselves, as it 
has been demonstrated that mental health plays a very important role in 
the response, rehabilitation and recovery from injury by the athlete18,19.

A number of authors, such as Åkesdotter20 and Rice3, have 
highlighted risk factors related to the practise of sport at a high level, 
such as overtraining, exhaustion, injuries and excessive preoccupation 
with body weight, as well as genetic and environmental factors, and 
include such others as competitive failure, pain and concussion, among 
others. In fact, the study by Goutterbarge2 states that athletes can face 
up to 600 different stress factors, such as adverse life events, conflicts 
with the coach or professional dissatisfaction, that can lead to psycho-
logical pathologies. On the other hand, Broodryk21 and other authors 
studied the effects of competition on stress, mood and anxiety in foot-
ball players. They found that physiological and psychological variables 
combine to contribute to the stress response during competition, 
meaning it is important to concentrate on high-intensity activities and 
to minimise fatigue as both are linked to elevated levels of cortisol and 
negative moods.

In terms of the second goal, such authors as Olmedilla22 claim that 
footballers manifest greater levels of depression, cognitive anxiety and 
somatic anxiety after suffering an injury and that this would reflect the 
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Figure 1. Flowchart.
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Reardon, et al.  2019.  Various countries

Goal Design Data Collection 
System

Sample Statistical Test Main Findings

To foster a more 
standardised and 
evidence-based approach 
to mental health 
symptoms and disorders 
in elite athletes, a 
consensus work group of 
the International Olympic 
Committee critically 
evaluated the current 
scientific situation and 
offered recommendations.

Systematic 
review

The PubMed, 
SportDiscus, 
PSycINFO, Scopus 
and Cochrane 
databases, as 
well as any 
other database 
considered 
relevant, were 
used.

Panel of experts 
consisting of 
23 people from 
13 countries 
with experience 
in the mental 
health of elite 
athletes.

None The current scientific situation regarding 
the mental health of elite athletes suggests: 
that there is a lack of access to mental health 
services; more research and subsequent 
recommendations are needed to more widely 
identify the mental health of elite athletes. 
Within this context, the impact from sleep on 
recovery and on optimal preparedness should 
be considered; additional prevention strategies 
for mental health symptoms and disorders.

Rice, et al. 2019.  Various countries

Goal Design Data Collection 
System

Sample Statistical Test Main Findings

To identify and quantify 
the decisive factors in the 
anxiety symptoms and 
disorders experienced by 
elite athletes.

Systematic 
review and 
meta-
analysis 
based on 
the PRISMA 
guidelines

Systematic 
search strategy. 
The search was 
conducted in 
the PubMed, 
SportDiscus, 
PsycINFO, Scopus 
and Cochrane 
databases.

61 studies were 
included in 
the systematic 
review and 27 
of them were 
suitable for 
meta-analysis.

Raw data were ob-
tained (average, SD 
and n) for the decisi-
ve factors in anxiety. 
The general sizes 
of the effect were 
estimated by means 
of the standardised 
differentiation of 
averages.

The decisive factors in anxiety among elite 
populations broadly reflect those experienced 
by the general population. Doctors should be 
aware of these general and specific decisive 
factors in anxiety among elite athletes.

Rice, et al. 2018. Australia

Goal Design Data Collection 
System

Sample Statistical Test Main Findings

To evaluate the base of 
evidence with regard to 
the link between sports-
related concussion and 
mental health results in 
athletes competing at 
professional and elite 
levels.

Systematic 
review 
based on 
the PRISMA 
guidelines

A search was 
conducted in 
six databases: 
PubMed, EMBASE, 
SportDiscus, 
PSycINFO, 
Cochrane and 
Cinahí.

27 studies None Current evidence suggests a link between 
sports-related concussion and the symptoms 
of depression in elite athletes. Causality cannot 
be determined at this stage of the research due 
to a lack of well designed prospective studies. 
More research is required that considers a range 
of mental health results in various samples of 
elite athletes/sports.

Souter, et al.  2018. UK

Goal Design Data Collection 
System

Sample Statistical Test Main Findings

To explore the problems 
that affect men and 
mental health within the 
context of elite sport.

Literary 
review

Not reported Review of the 
areas: injuries, 
stress, depres-
sion, anxiety, 
overtraining, ea-
ting disorders...

None Major negative events in life, including injuries, 
can increase the risk of mental health problems 
in elite athletes. The risk of injury can increase 
when men suffer emotionally. As suggested 
by the literature, injuries can increase the 
risk of mental health problems and adverse 
behaviours.

Table 2. Reviews.

(continues)
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existence of an impact from the injury on mood and pre-competition 
anxiety.

All the processes through which an injured athlete pass represent 
an adaptive effort and that effort will mean they live through specific 
situations of overcoming adversity without the physical capacity to 
which they are accustomed, especially in elite athletes who are accus-
tomed to sport being a part of life and part of their day-to-day activity. 
Various negative behaviours can arise following a sports injury, such 
as isolating oneself, not soliciting the services of the right professional, 
failure to adhere to recommendations and pain23, behaviours that can 
be controlled once an injury occurs. In that sense, just as stress makes 
a person more vulnerable to injury, the injury itself makes the subject 
more fragile vis-à-vis the possibility of suffering from stress24-26. Besides 
stress, other psychological and emotional processes are linked to sports 
injuries and directly impact the rehabilitation process in athletes27.

The study by Zurita, et al., reaffirms that injuries constitute a funda-
mental problem in sport due to the epidemiology thereof, reflecting 
a high percentage of occurrence. This demonstrates that injuries the-
refore constitute an inherent phenomenon in the practise of sport, as 
mentioned by specialised scientific literature28,29.

In essence, we were able to detect in numerous publications how 
the terms “mental health”, “anxiety”, “sleep quality”, “depression” and “stress” 
are mentioned by athletes, coaches and relatives within the field of 
sport with regard to discomfort in athletes at both psychological and 
physical levels.

Conclusions

This systematic review reveals that sports injuries significantly 
affect mental health and how they can lead to incorrect recovery in 
athletes and/or make them more vulnerable to further injury. Mental 
health is essential for correct development in athletes and is vital to 
their performance. Furthermore, we were able to identify how the 
studies researched some of their indicators separately (stress and 

injuries, anxiety and injuries, quality of sleep and injuries, depression 
and injuries) but not together. Mental health should be observed 
from a global perspective and its indicators should be analysed given 
that stress leads to anxiety, anxiety can lead to depression and all that 
combined can lead to poor rest and incorrect recovery due to a lack of 
sleep quality caused by the unease or restlessness that may manifest 
in athletes. Finally, mental health in athletes should be strengthened 
and action should be taken before problems arise through prevention 
programmes and the use of sports psychology as a fundamental tool 
for combating and/or treating it.
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track and field coaches, team doctors and other 
medical service providers play an essential role in 
the recognition and identification of athletes at 
risk of mental health problems.

Table 2. Reviews (continuation).
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Summary

The main cause of injury in athletes is of muscular origin and of all those of the hamstrings it is the most important. The 
inadequate eccentric strength of these is a factor that is related to lower limb injuries. At the Sports Science Center of the 
Ministry of Sports, the eccentric strength of the hamstrings is evaluated with the Nordic test. In Colombia, it is not known if 
this is related to lower limb injuries in the different world-class high-performance athletes who attend there. A descriptive 
work was proposed with a quantitative approach and analytical phase, evaluating the pre-participation medical records of 
195 athletes who underwent the Nordic test during the year 2021. The athletes analyzed were 56% men, with ages for both 
sexes on average of 21.5 years, with body mass indexes of approximately 22.1 k/m2. The most frequent injury to the lower 
limbs was muscle (38.5%), followed by tendinopathies (27%). Of the muscle, the hamstrings were injured in 69%. An average 
maximum force was found for all athletes of 292.4 ± 67.06 N and a relative force of 4.52 ± 1 N/kg. The bivariate analyzes show 
an association between the presence of injury and lower maximum eccentric hamstring strength for both sexes. Furthermore, 
it was found that asymmetries less than 15% of the maximum eccentric hamstring strength were associated with a lower 
presence of injury. From a multivariate analysis, normative reference curves were constructed for weight, sex, and maximum 
eccentric strength of these athletes. It contributes to the conceptual gap of the behavior of eccentric hamstring strength and 
its relationship with the presence of lower limb injuries in different Colombian elite athletes. 

Key words: 
Sports. Performance. Leg injuries. 

Hamstrings. Strength. Eccentric. 
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Resumen

La principal causa de lesión de los deportistas es de origen muscular y de todas la de los isquiotibiales es la más importante. La 
inadecuada fuerza excéntrica de éstos es un factor que se relaciona con lesión de miembros inferiores. En el Centro de Ciencias 
del Deporte del Ministerio del Deporte se evalúa la fuerza excéntrica de los isquiotibiales con el test Nórdico. En Colombia, no 
se sabe si esta se relaciona con lesión de miembros inferiores en los diferentes deportistas de alto rendimiento de talla mundial 
que allí asisten. Se planteó un trabajo descriptivo con enfoque cuantitativo y fase analítica evaluando las historias clínicas 
preparticipativas de 195 deportistas a los que se les realizó el test Nórdico durante el año 2021. Los deportistas analizados 
56% fueron hombres, con edades para ambos sexos en promedio de 21,5 años, con índices de masa corporal de aproxima-
damente 22,1 k/m2. La lesión más frecuente en miembros inferiores fue la muscular (38,5%), seguida por las tendinopatías 
(27%). De la muscular, los isquiotibiales se lesionaron en el 69%. Se encontró un promedio de fuerza máxima para el total de 
deportistas de 292,4 ± 67,06 N y una fuerza relativa de 4,52 ± 1 N/kg. Con los análisis bivariados se evidencia una asociación 
entre la presencia de lesión y menor fuerza máxima excéntrica de isquiotibiales para ambos sexos. Además, se encontró que 
las asimetrías menores al 15% de la fuerza máxima excéntrica de isquiotibiales se asociaron con menor presencia de lesión. 
A partir de un análisis multivariado se construyeron las curvas de referencia normativas para peso, sexo, fuerza excéntrica 
máxima de estos deportistas. Se aporta al vacío conceptual del comportamiento de la fuerza excéntrica de isquiotibiales y su 
relación con la presencia de lesión de miembros inferiores en diferentes atletas élite colombianos.

Palabras clave:  
 Deportes. Rendimiento.  
Lesión de extremidades. 

 Isquiotibiales. Fuerza. Excéntrica.
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Introduction

Skeletal muscle tissue in non-athlete humans accounts for 40-50% 
of body weight in men and 25-35% in women. However, this figure 
is usually far higher in athletes and, in weightlifters, can reach up to 
65%1. Athletes are highly susceptible to injury due to their number of 
daily training or competition hours, and muscle is the most commonly 
compromised tissue2,3. That said, the susceptibility of each muscle 
group will depend on the characteristics and demands of the specific 
sport being practised2,4,5.

Muscle injury in athletes is associated with numerous risk factors. 
It occurs in the lower limbs for a sizeable proportion of athletes, mainly 
the hamstrings, and significant attention is given to this matter due to 
the high incident rates and prevalence. In light of the above, hamstring 
muscle injury (HMI) has aroused strong interest in the scientific commu-
nity due to the evidence pointing to especially high occurrence in team 
sports3,6,7. This type of injury accounts for 12% of all injuries reported by 
17 teams of the various European football (soccer) leagues during the 
first decade of this century6. More recently, that figure doubled to 24% 
for the seasons running from 2016-20218. Furthermore, it accounts for 
16% in rugby9 and 13% in Australian football10. For the various sports 
clubs involved, this represents a high financial cost due not only to the 
rehabilitation and salary of players but also to the lack of availability in 
these athletes at key moments because they are unfit to play due to 
injury6. In addition, a recurrence rate of up to 18% has been reported 
at two months8, which only aggravates the problem.

Because it is a multicausal event, answers are sought to the ques-
tions of how and to what extent for each sport and population group 
certain risk factors may impact most heavily. A lack of eccentric strength 
is one of those factors, as it has been identified as creating a risk of 
muscle injury; especially in those sports with high intensity running 
requirements such as football11 (soccer) and basketball12. Various de-
vices currently exist for the assessment of eccentric hamstring strength 
that exceeds the limitations of isokinetic dynamometry13. One of them 
is the NordBord from VALD Performance®. With the Nordic hamstring 
exercise, the device can register the maximal eccentric hamstring 
strength and the imbalance between limbs with an assessment time 
of less than five minutes per athlete. Although this device is a reliable 
measure of eccentric knee flexor strength during Nordic hamstring 
exercise13, no literature currently exists that examines whether the 
measurements produced by this device predict future HMI risk in an 
athlete. Nonetheless, it is recognised as a factor that reduces injury14 
when training with this exercise.

Nordic exercise used to work the hamstrings eccentrically is 
currently one of the most closely studied exercises in literature, 
establishing it as a suitable exercise for HMI prevention14,15 and it 
could be reasonably expected that the measurement of eccentric 
hamstring strength during this exercise can provide information on 
HMI risk in the future.

Finally, this study sought to determine whether the magnitude of 
eccentric hamstring strength and imbalance thereof between limbs 
is associated with a history of injury in high-performance athletes in 
different sports. Furthermore, it also sought to determine the bench-
mark values for eccentric strength in this population type. The main 
hypothesis was that the athletes who suffered an HMI would show lower 
levels of strength and greater imbalance between the limbs in terms of 
eccentric hamstring strength when compared with their counterparts 
with no history of such injury.

Material and method

A retrospective study is proposed under a quantitative approach 
with an analytical stage that was approved by the ethics committee 
of the National University of Colombia in minutes 018-165 of 29 
September 2021. All the preparticipation assessments conducted on 
high-performance athletes attending the Sports Science Centre of the 
Colombian Ministry of Sport between 1 January and 30 November 
2021 were analysed.

Of the 350 preparticipation assessments, 198 records were selected 
as they included a detailed history of injury, complete results from the 
Nordic test and the medical diagnosis reached by an orthopaedic and/
or sports medicine professional in those athletes with a history of injury.

Assessment of Eccentric Hamstring Strength

The assessment of eccentric hamstring strength was determined 
via the NordBord Hamstring Testing System from VALD® Performance. 
Participants knelt on the NordBord platform with their ankles secured 
immediately over the lateral malleolus using individual ankle braces 
that link to uniaxial load cells on the device. Following a warm-up se-
ries, participants performed a series of three maximal repetitions of the 
Nordic exercise, with 20-second rests between the various attempts. The 
athletes were told to gradually lean forwards as slowly as possible while 
resisting this movement as much as possible with both legs, maintaining 
their core and hips in a neutral position and their hands crossed over 
their chest13. Participants were vocally urged to make the maximum 
effort in each repetition. A test was considered acceptable when the 
production of force reached a defined peak (indicative of maximum 
eccentric strength), followed by a rapid reduction in force, which would 
occur when the athlete could no longer apply or generate more force.  

Data Analysis

The data on eccentric hamstring strength for each limb were 
exported from the online platform of VALD Performance® where peak 
strength for the three repetitions of each limb (left and right) was iden-
tified. Eccentric hamstring strength was reported in absolute terms (N) 
and in relative terms vis-à-vis body mass (N·kg-1), helping to determine 
an average of the maximum force levels in the three repetitions for 
each limb13.
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The imbalance between limbs in terms of eccentric hamstring 
strength was calculated as a proportion of the force differences be-
tween the limbs (left and right). This was carried out using the method 
recommended by Impellizeri, et al.16. A negative percentage imbalance 
indicated that the left limb was stronger than the right, while a positive 
percentage indicated the opposite.  

Statistical analysis

Central tendency and dispersion measurements were determined 
for those variables of a quantitative nature and frequency distributions 
for those variables of a categoric or qualitative nature, all with their 
respective confidence intervals of 95%. A bivariate analysis was con-
ducted to compare age, height, weight, limb imbalance percentage and 
eccentric strength between athletes with and without a history of injury. 
The T student and Mann–Whitney U statistics were used to determine 
the differences based on the distribution of the data for analysis, which 
were determined using the Kolmogorov-Smirnov statistic. 

The magnitude of effect for the differences revealed was calculated 
using the Cohen’s D statistic, which was determined using G Power soft-
ware version 3.1. The following convention was used for analysis: values 
below 0.2 were considered to reflect no effect; between 0.21 and 0.49 
reflect a small effect; between 0.5 and 0.7 indicate a moderate effect; 
and, finally, values over 0.8 indicate a major effect17.

Finally, the benchmark values proposed in this study were con-
structed from the Box-Cox Cole and Green (BCCG) distribution using 
the method known as minimums squared18, which can be found in the 
library of additive models generalised by location, scale and form19 in 
the R Studio statistics software. 

Results

The characteristics of the athletes who were assessed can be found 
in Table 1. In short, the sample mostly consisted of male athletes aged 
on average 21 + 4.6 years, with an average height of 171.9 + 9.5 centi-
metres, an average weight of 65.7 + 12.8  kilograms and a body mass 
index (BMI) of 22.1 + 3 kg/m2.

Different sports were included in the analysis. However, athletics, 
volleyball and ultimate (73.7%) accounted for the majority of the sample 
included in this study. 

Finally, a history of lower limb injury was reported in 97 of the 198 
preparticipation assessments reviewed, with muscle injury being the 
most prevalent (38.5%) followed by tendinopathies (27%).

Figure 1 shows the behaviour in terms of peak strength or maximum 
strength, relative maximum strength and asymmetry with regard to the 
history of injury and gender. It is clear that the male gender presents 
higher levels of strength and similar symmetry values when compared 
with the female gender. However, when disregarding this factor in terms 
of history of injury, it can be seen that both men and women show statis-
tically significant differences in peak strength, thereby determining that 

the athletes with no history of injury present higher levels of strength 
than those with a history of lower limb injury. Nonetheless, when ana-
lysing relative strength, significant differences can only be seen in the 
male gender; revealing that the athletes presenting a history of injury 
perform worse in terms of strength when compared with those having 
no history. In contrast, when analysing asymmetry, it can be seen that 
significant differences exist in the female gender only, thereby showing 
that there is greater asymmetry in female athletes with a history of injury.

Table 2 shows the results obtained from the assessment of eccentric 
hamstring strength, the age and the BMI when taking the history of 
injury into account. An average maximum strength for all the athletes 
was determined at 292.4 + 67.06 N and a relative strength of 4.52 + 
1 N/kg. However, it is worth noting that performance in strength 
(maximum strength, average strength across the three Nordbord test 
attempts and relative strength) is considerably lower in the athletes with 
a history of injury, observing worse performance results when compared 
with the athletes without a history of injury.

Variable Frequency % CI 95%

Gender Male 110 55.6 48.3 - 62.5

Female 88 44.4 37.4 - 51.6

History of 
injury

Yes 97 49 41.8 - 56.1

No 101 51 43.8 - 58.1

Dominance Right 172 86.8 81.3 - 91.2

Left 26 13.1 8.7 - 18.6

Type of injury Bone 7 7.35 2.9 - 14.4

Muscle 32 38.5 24.0 - 43.6

Ligament 18 18.8 11.5 - 28.0

Cartilage 8 8.3 3.6 - 15.7

Tendon 26 27.1 18.5 - 37.1

Sport Martial arts 1 0.5 0.01 - 2.7

Athletics 76 38.4 31.5 - 45.5

Basketball 1 0.5 0.01 - 2.7

BMX 7 3.5 1.4 - 7.1

Boxing 12 6.1 3.1 - 10.3

Cycling 9 4.5 2.0 - 8.4

Fencing 1 0.5 0.01 - 2.7

Football 1 0.5 0.01 - 2.7

Gymnastics 4 2.0 0.5 - 5.0

Skating 2 1.0 0.12 - 3.6

Weightlifting 9 4.5 2.0 - 8.4

Squash 4 2.0 0.5 - 5.0

Taekwondo 1 0.5 0.01 - 2.7

Ultimate 41 20.7 15.2 - 27.0

Volleyball 29 14.6 0.01 - 2.7

Table 1. Characteristics of the sample.

Source: Authors. 
%: percentage; IC 95%: Confidence interval at 95%.
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Figure 1. Comparison of eccentric strength and asymmetry with history of injury and gender. 1A. Comparison of maximum eccentric 
strength with history of injury and gender. 1B. Comparison of relative maximum eccentric strength with history of injury and gender. 
1C. Comparison of asymmetry with history of injury and gender.

Source: Authors 
*Indicates statistical significance for the Mann-Whitney U test statistic; **Indicates statistical significance for the T student statistic; Cohen’s D: Magnitude of effect for the statistical differences.

Table 2. Strength characteristics based on history of injury.

Source: Authors.
*T student; **Mann-Whitney U test.
N: Newton; N/kg: Newton per kilogram of weight; CI 95: Confidence interval at 95%; SD: Standard deviation.

Variable
With a history of injury Without a history of injury

P value Cohen’s
D

Total

Average SD CI 95 Average SD CI 95 Average SD CI 95

Maximum 
strength 
(N)

267.3 50.29 257.1 - 277.4 316.5 72.34 302.5 – 330.8 0.000** 0.78 292.41 67.06 283.0 - 301.8

Relative 
strength 
(N/kg)

4.2 0.89 4.0 - 4.3 4.8 1.01 4.6 - 5.0 0.000* 0.63 4.52 1.00 4.3 - 4.6

Average 
strength 
(N)

275.1 63.7 262.3 - 288.0 298.1 68.8 284.5 – 311.7 0.012** 0.34 286.91 67.22 277.4 - 296.3

BMI  
(kg/m2)

22.0 2.8 21.5 - 22.6 22.1 3.2 21.5 - 22.8 0.854 0.003 22.11 9.57 21.6 - 22.5

Age 
(Years)

22.6 5.1 21.6 - 23.7 20.1 3.7 19.4 - 20.9 0.001** 0.56 21.41 4.6 20.7 - 20.0
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Without history of injury
With history of injury
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Table 3 shows the asymmetry and history of injury variables, which 
present a statistically significant link. Based on the calculated relative 
risk (RR), it can be determined that having asymmetry of more than 
15% is linked to having a history of injury. Hence, this result allows us 
to state that asymmetries of over 15% may become a risk factor for HMI 
in high-performance athletes. 

As is common in this kind of studies, a combination of different 
processes was used that involve subjective reasoning, statistical anal-
ysis and a literary review to establish the various benchmark values 
for eccentric hamstring strength (cut-off points) in the population of 
high-performance athletes. Figure 2 shows the percentiles for maximum 
hamstring strength measured with the NordBord while considering the 
body weight of the athletes. These data were the basis for the benchmark 
values shown later.

After adjusting the data, the hyperparameters were determined 
and selected using the BCCG model, via which the values for eccentric 
strength according to body weight were standardised and predicted.

In light of the above, Table 4 shows the benchmark values in N 
discriminated by gender and determined according to the percentile 
behaviour of maximum eccentric hamstring strength in the sample 
assessed (Figure 2). For a better understanding of the results shown in 
the Table, it is proposed that the values located between +/- one SD be 
values considered as normal. Based on the above information, a male 
athlete of over 100 kg with a maximum hamstring strength of 300 N is 

proposed as an example. Based on the determined values, this athlete 
would be below normal performance of the population.

Discussion

This project was conducted with high-performance athletes 
forming part of the Colombian national teams for the period Janu-
ary-November 2021. The main findings were: firstly, that athletes with 
no history of injury present higher levels of strength when compared 
with those with a history of lower limb injury. Secondly, women with 
asymmetries of over 15% are those female athletes with a history of 
injury. Thirdly, that performance in strength (maximum strength, av-
erage strength across the three Nordbord test attempts and relative 
strength) is considerably lower in those athletes with a history of injury 
given that worse performance results were observed when compared 
with those athletes with no history of injury. Furthermore, by virtue of 
the need to have benchmark hamstring strength values in sports other 
than football, an initial approach is provided to benchmark tables for 
maximum hamstring strength in men and women for our population. 

57% of all the assessments conducted in this period were taken 
into consideration. The others were mainly discarded due to errors 
in performing the Nordic exercise or due to incomplete information. 

15 different sports are represented, with volleyball, ultimate and 
athletics accounting for 74.3%. It is worth mentioning that only one 

Table 3. Link between history of injury and asymmetry.

History of injury
P value RR

With a history (%) Without a history (%)

Asymmetry
Asymmetry > 15% 20.6 9.9

0.035 1.45
Asymmetry > 15% 79.4 90.1

Source: Authors.
RR: Relative risk; %: Percentage.

Benchmark values for men (N)

Weight (kg) -3SD -2SD -1SD 0 1SD 2SD 3SD

40 – 59 67.0 165.5 242.9 301.6 349.9 391.9 429.4

60 – 79 103.5 209.1 285.4 344.7 394.4 438.1 477.4

80 – 100 110.6 189.0 305.9 394.8 466.7 528.2 538.7

+ 100 115.5 196.6 352.6 473.6 570.1 651.8 723.7

Benchmark values for women (N)

Weight (kg) -3SD -2SD -1SD 0 1SD 2SD 3SD

40 – 59 123.3 166.9 209.4 251.0 292.0 332.3 372.2

60 – 79 119.7 175.1 228.7 281.0 332.4 383.0 433.0

+ 80 183.0 207.3 231.2 294.9 335.2 390.4 441.3

Table 4. Benchmark values for maximum eccentric strength.

Source: Authors.
SD: Standard deviation; N: Newton; Kg: Kilograms.



Links between Eccentric Hamstring Strength and a History of Lower Limb Injury in Colombian High-performance Athletes

89Arch Med Deporte 2024;41(2):84-91

footballer was assessed, thereby lending added relevance to this project 
because this is the sport in which the most studies on lower limb muscle 
injury are conducted7 and even more so when considering that the 
small amount of information published in countries such as Colombia 
relates to football20 (Table 1).

The athletes assessed in this study were young people with an 
average age of 21 + 4.6 years, with a balanced distribution in terms of 
gender similar to that reported in the study by Schmidt-Olsen, et al.21. 
The number of injuries in young footballers seems to increase with 
age. The 17-18 years age group seems to have a similar or even higher 
incident rate when compared with adults, this result coinciding with 
that reported by numerous authors22,23. The same finding was reported 
in a study of injuries during 12 international tournaments in players from 
different age and ability level categories24. Within this context, it can be 
seen that the famous “sport specialisation” in children and teenagers is 
linked to a greater risk of injury, with muscle injury remaining the most 
significant25. In light of the above, it is worth linking the age at which 
training begins in a single sport with the increase in risk of muscular 
injury and, more specifically, hamstring injuries in South American 
countries, where the development of this type of research in high-per-
formance sport is precarious. 

In this study, the main injuries were muscular (38.5%) (data not 
shown) as reported by, Alonso et al. (48%)26 and Zahínos, et al. (2010)27, 
among others, in football, where the highest frequency of injury was 
muscular, and up to 80% of the total, followed by joint, tendon and 
bone27.

In this research, hamstring injury accounted for 69% of all lower 
limb muscle injuries; i.e. the most common by far. This has been clearly 
shown by numerous studies around the world and for many athletes28, 

such as Judo29, basketball30, beach football31, baseball32, and, as stated 
above, football, where it continues to increase, which is why growing 
attention is being paid to the topic8. 

In terms of the physical qualities, strength and muscle power are the 
physiological basis for action in each muscle-bone unit. Furthermore, 
training these qualities increases performance and reduces the risk of 
injury in an athlete33. One of the main functions of the muscle group at 
the back of the thigh has been recognised as tied to the development 
of eccentric contraction. This type of contraction is associated with a 
higher risk of injury34. Describing and establishing the behaviour behind 
the causes of hamstring injuries through the assessment of eccentric 
strength will in turn help, to some extent, resolve one of the main causes 
of lower limb muscle injury for a good number of athletes. 

The eccentric hamstring muscle strength in N that was found via 
the Nordic test was higher in men (328.48 N) than in women (260 N) 
(Figure 1). In men, it was similar to that reported by Quiceno, et al. in a 
professional football team (339 N) in Colombia20. 

A number of postulated risk factors exist for injury of muscular origin 
but few have been studied as in depth as strength. As stated above, 
strength is one of the physical qualities that, when trained, reduces the 
risk of injury and improves performance in athletes35. However, in the 
case of lower limbs, strength symmetry is another factor that is tied to 
injury36. Better tools are therefore needed that are capable of not only 
reporting unilateral strength but also bilateral strength so as to enable 
an ongoing assessment of the various expressions of strength and thus 
conduct adequate monitoring of an athlete over the course of a season. 

Within these expressions of strength, maximum strength (the ability 
to provide maximum strength with a simple action and under specific 
conditions)37 — which, for this project, was recorded using the Nordic 

Figure 2. Eccentric strength percentiles. 2A. Maximum eccentric strength percentiles for men. 2B. Maximum eccentric strength percenti-
les for women.

Source: Authors.
BCCG: Box Cox Cole and Green model.
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test — has been recognised as a characteristic of strength susceptible 
to constant assessment and with sufficient evidence to be considered 
as an injury risk factor, such as is the case when it is diminished for a 
type of specialist sport and a type of athlete in particular. There is a large 
body of literature supporting the use of the Nordic test and one of the 
variables — maximum strength, obtained from the software — to assess 
hamstring muscles12.

In this research, it was possible to establish that a history of weak-
ness or asymmetric activation in hamstring strength was linked to injury 
in this same muscle group (Table 2). Other authors, such as Opar, et al., 
201313 and Lee, et al., 200938 have been able to show how a reduction in 
maximum or isometric eccentric strength is tied to injury risk or re-injury 
in footballers. Similarly, asymmetry continues to be a factor that should 
be taken into consideration and should always be examined whenever 
lower limb muscle strength is assessed. It was possible to link asymmetry 
values of over 15% to injury. 

Finally, an initial approach is offered for local athletes in various 

sports, with which a series of benchmark values was established for 

maximum eccentric hamstring strength (Figure 2, Table 4) using the 

internationally widespread Nordic test and from which a few meas-

urements already exist, only for professional football in Colombia20,39. 

Producing benchmark values is always a challenge. However, the 

intention is to use athletes from the national teams as a model in order 

to enable the highly necessary assessment and evaluation process to 

be begun for monitoring athletes before, during and after the season. 

This research provides a context for the complex dynamic model 

for injury in sport, in which changes to strength form part of the al-

ready recognised “predisposed athlete”. It also seeks to highlight the 

relevance of engaging in local research to establish behaviours by the 

various factors in athletes, both intrinsic and extrinsic, which should be 

continuously monitored so as to underpin good performance by our 

high-performance athletes. 

In conclusion, a suitable support process should be created among 

players, coaches and biomedical teams so that proper work can be done 

on the process to prevent muscle injury, which continues to be a major 

reason why a high number of training and competition hours are lost, 

in turn impacting the health of high-performance athletes. 

More studies like this one are needed to develop high-performance 

sport, ranging from the reserves through to professional medallists.
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Original article

Summary

Introduction: CrossFit® is an sport modality that involves high-impact and intense exercise, gymnastic movements and 
weightlifting, whose practice has achieved great popularity in recent years, despite the high prevalence of urinary or fecal 
incontinence (UI e FI) associated to this practice. Therefore, the objective of this study was to conduct a systematic review 
of the literature to understand the impact of CrossFit® on pelvic floor dysfunction compared to other exercise modalities.
Material and method: Following PRISMA (Preferred Reported Items for Systematic Reviews and Meta-Analysis) guidelines, 
a search was conducted in scientific databases. A total of 7 studies out of the 53 obtained were qualitatively evaluated and 
selected for the systematic review.
Results: Stress UI seemed to be greater in female CrossFit® participants, than in female kickboxing, bootcamp, aerobic exercise 
and no CrossFit® practitioners, and also in comparison to sedentary women (P<0.05). Running was suggested to produced 
higher FI than CrossFit® (P<0.001), while no differences were observed in intra-abdominal pressure and pelvic floor contraction 
capacity through pelvic examination between female CrossFit® participants and women who practice light exercise, non-
CrossFit® practitioners and sedentary women (P<0.05).
Conclusion: CrossFit® practice appears to favor IU in a greater extent than other exercise modalities but not FI which seem 
to be more prevalent with running practice, although differences between exercise modalities were not observed through 
direct examination of pelvic floor contraction. Further studies are needed to clarify these findings, defining more accurately 
the assessment instruments, influencing factors and control groups.

Key words: 
Urinary incontinence.  

Fecal incontinence. Exercise training. 
High-intensity interval training. 

Pelvic floor disorders.
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Resumen

Introducción: CrossFit® es una modalidad deportiva que engloba ejercicio de alta intensidad e impacto, movimientos gim-
násticos y halterofilia, cuya práctica ha alcanzado una gran popularidad en los últimos años, a pesar de la elevada prevalencia 
de incontinencia urinaria y fecal (IU e IF) a la que se asocia esta práctica. Por ello, el objetivo de este trabajo fue realizar una 
revision sistemática de la literatura para examinar el impacto del CrossFit® en la disfunción del suelo pélvico comparado con 
otras modalidades de ejercicio.
Material y método: Siguiendo las directrices PRISMA (Preferred Reported Items for Systematic Reviews and Meta-Analysis) 
se realizó una búsqueda en bases de datos científicas. De un total de 53 estudios, 7 fueron evaluados cualitativamente y 
seleccionados para la revisión sistemática.
Resultados: La IU de esfuerzo pareció ser mayor en mujeres que practicaban CrossFit® que en aquellas que practicaban 
kickboxing, bootcamp, ejercicio aeróbico o que no practicaban CrossFit®, y también mayor que en mujeres sedentarias 
(p <0,05). Correr parecía provocar mayor IF que la práctica de CrossFit® (p <0,001), mientras que no se observaron diferencias 
en la presión intra-abdominal y en la capacidad de contracción del suelo pélvico a través de examen físico entre mujeres que 
practicaban CrossFit® y aquellas que no practicaban CrossFit® o que practicaban ejercicio ligero o eran sedentarias (p <0,05).
Conclusión: La práctica de CrossFit® parece favorecer la IU en mayor medida que otras modalidades de ejercicio, pero no 
la IF, que pareció ser mayor con la práctica de carrera, aunque no se observaron diferencias entre modalidades de ejercicio 
mediante el examen directo de la capacidad de contracción del suelo pélvico. Se necesitan más estudios para aclarar estos 
resultados, definiendo con mayor precisión los instrumentos de evaluación, los factores influyentes y los grupos de control.

Palabras clave:  
Incontinencia urinaria. Incontinencia 
fecal. Entrenamiento físico. Entrena-

miento interválico de alta intensidad. 
Alteraciones del suelo pélvico.
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Introduction

The pelvic floor is a structure formed by muscles, fascia, and 
ligaments whose main mission is to support other pelvic structures 
(urinary bladder, urethra, rectum, and anus, and additionally in women 
uterus and vagina) and fix them to the pelvis, allowing functions of the 
aforementioned organs such as urination, defecation or intercourse1 . 
However, all these structures are especially vulnerable to certain risk 
factors such as pregnancy, vaginal delivery, multiparity, age, menopau-
se, and all the hormonal changes associated with these processes, as 
well as vulnerable to certain situations that chronically increase intra-
abdominal pressure, such as constipation, chronic bronchitis, obesity 
or high-impact repetitive exercises2,3. All this can trigger an involuntary 
contraction or relaxation of the pelvic floor muscles known as pelvic 
floor dysfunction (PFD), which entails a series of anatomical-functional 
disorders in this region, the most evident being voiding dysfunction 
or urinary incontinence (UI) and fecal incontinence (FI), followed by 
other anorectal or pelvic dysfunctions such as obstructive defecation 
syndrome, pelvic organ prolapse (POP), sexual dysfunction and perineal 
pain4. According to the International Continence Society, UI is the mani-
festation of any involuntary loss of urine5 which also represents a social, 
hygienic and even economic problem. The most frequent types are6,7: 
(1) stress UI, which is the involuntary loss of urine since the sphincter is 
not able to support it, which is associated with an increase in abdominal 
pressure, due to underlying physical efforts such as coughing, laughing 
or running; (2) urgent UI, which is the involuntary loss of urine due to the 
inability to hold it long enough to go to the bathroom and; (3) mixed 
UI, which would be the association of involuntary urine loss to both 
effort and urgency. Regarding FI, this includes, from least to most serious, 
respectively, any involuntary escape of gases and/or feces through the 
anal orifice, which can be3: (1) passive or unconscious; (2) urgent due 
to inability to contain defecation; (3) mixed; (4) post-defecation but 
with normal continence the rest of the time; and (5) during urination. 
However, there is less agreement on its precise definition and severity 
criteria than on UI.

Weakness of pelvic floor muscles is one of the possible causes of 
genitourinary tract problems6, and the prevalence is higher in women, 
with ratios of up to 20:1 for IU compared to men. Therefore, men could 
be more reluctant to report this problem4. Despite fluctuating between 
countries, the percentages of women who have experienced some urine 
loss range between 25% and 45%, while the percentages of adults who 
manifest FI range between 0.4% and 18%, increasing up to 24% if gas 
incontinence is considered3. However, the future estimate is not much 
more encouraging. According to a 2019 study, one in three women will 
experience UI, while one in two will present POP and one in ten will 
report FI8. On the other hand, it is also estimated that sexual dysfunction 
will increase from 50% to 83% in women with DSP8. Altogether, this im-
plies a clear deterioration in psychological, social and sexual well-being. 

Interestingly, in the 1990s a review of the literature suggested 
a 44% prevalence of UI in physically active women, especially those 
involved in high-impact sport activities9,10, predominantly involving 
jumping or running2,11,12. In spite of this, the practice of high-impact 
exercise has recently become popular among the general popula-

tion12, with CrossFit® being one of the high-impact exercise modalities 
or disciplines that has received great interest and recognition since its 
formal establishment in 200013. This fitness program initially developed 
for military training, provides a sense of community, fun, personal sa-
tisfaction, and motivation14 and optimizes physical competence in 10 
aspects: cardiorespiratory endurance, muscular endurance, muscular 
strength, flexibility, power, speed, coordination, agility, balance and 
precision15. CrossFit® sessions combine: (1) exercises with a traditional 
cardiovascular component and metabolically stimulating impacts such 
as running, jumping, rowing or climbing rope; (2) exercises based on 
sports gymnastics skills such as handstands or rings; and (3) weightlifting 
exercises13,15. These three elements make up what is called “Work Of the 
Day” (WOD), which must be performed with high intensity and speed, 
repetitively and with limited rest time13,15. 

The presence of women in CrossFit® competitions has grown from 
approximately 28,000 participants in 2016 to around 75,000 in 201915, 
which according to several studies, has led to a decrease in body dis-
satisfaction or eating disorders, favoring body positivity and providing 
women with the possibility of improving their strength and physical 
perception through sport enjoyment16. Some women also highlight 
the possibility of helping to undo the traditional hegemony of the 
male gender in terms of cultivating strength and muscularity, which 
allows them to enhance the functionality of their body and improve 
their self-concept and confidence in daily life16. However, despite the 
recognized benefits of practicing CrossFit® , it is worth highlighting its 
potential to produce musculoskeletal injuries, mainly associated with the 
speed of execution, especially in novice practitioners15, and the increase 
of intra-abdominal pressure that is linked to PFD, especially in terms of 
stress UI. Specifically, in female CrossFit® practitioners, UI prevalence 
rates between 32.1% and 44.5% were observed, with stress UI being the 
most common type reported17,18. The disorder is greater among women 
over 35 years of age, with previous pregnancies and vaginal deliveries 
and the exercises associated with greater stress UI were jumping rope, 
double under, weightlifting, and box jumping17. Nonetheless, although 
it has recently received more visibility, PFD is a pathology of contempo-
rary appearance and most review studies on the topic focus mainly on 
UI, so it is necessary to address the entire spectrum of disorders under 
PFD. Furthermore, the impact of CrossFit® on PFD compared to other 
exercise modalities remains unclear, as not only high-impact exercise 
but also significant weightlifting have been linked to high rates of PFD19 
as reflected in a study carried out with powerlifting and weightlifting 
athletes, where 50%, 80% and 23.3% of women analyzed presented, 
respectively UI, FI and POP20. Therefore, the objective of this study was 
to conduct a systematic review of the literature to examine the studies 
evaluating the impact of CrossFit® on PFD based on exercise modality.

Material and method

The methodological process carried out was based on the recom-
mendations indicated by the PRISMA (Preferred Reported Items for 
Systematic Reviews and Meta-Analysis) guidelines21. A comprehensive 
database search was conducted (PubMed, Web of Science, Scopus and 
Cochrane) up to June 12, 2023, by two authors independently (NRP and 
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MART). The search strategy was as follows: “pelvic floor” AND “CrossFit®” 
indicating the combination of these terms in the title, abstract or 
keywords. To construct the search phrase, the PICO (population, inter-
vention, comparison and outcome) strategy was considered22, which in 
the case of this study would have been: females (population), CrossFit® 
(intervention) vs. other modalities (comparison) and DSP (outcome). 
However, according to previous literature, the different scenarios that 
occur in the clinical or social setting mean that the formulation of the 
question cannot always be adapted to this strategy23. In this case, with 
the initial search phrase, the results obtained were already quite limited, 
so it was decided, on the one hand, not to include ‘females’ in the search 
phrase so that if a study with male participants appeared, it could at 
least be screened to have a more comprehensive view of pelvic floor 
pathology. On the other hand, it was also decided not to include diffe-
rent sports disciplines in the search phrase, since this search strategy 
guaranteed that at least those studies where CrossFit® participants had 
been evaluated would appear, regardless of whether they were compa-
red with other sport disciplines and even with sedentary participants. 

The inclusion criteria were: (1) studies with people in which the 
impact of CrossFit® on the pelvic floor had been evaluated; and (2) 
studies accessible in full text in English, published in scientific journals. 
Opinion articles, conference communications, book chapters or review 
articles were excluded, as well as those that evaluated the state of the 
pelvic floor in women during pregnancy and those that studied the 
prevalence of PFD in CrossFit® without comparing this training modality 
with others. The search yielded a total of 53 articles (16 in Pubmed, 17 in 
Web of Science, 20 in Scopus and 0 in Cochrane). After removing the 33 
duplicates, 20 potentially eligible articles were obtained and included 
to consult the full document and evaluate their eligibility. Of these, 13 
studies were excluded for the aforementioned reasons: full text found 
in a language other than English (n = 1), opinion article (n = 1), evaluation 
of DSP during pregnancy (n = 1), not evaluating the impact of CrossFit® 
on the pelvic floor but rather the use of an insertable device, although 
the sample was composed of CrossFit® participants (n = 1), systematic 
review (n = 2), sPFD prevalence studies in CrossFit® which not compare 
this training modality to others (n = 7). Therefore, 7 articles were inclu-
ded in the qualitative analysis. The flow chart of the selection process 
is reflected in Figure 1.

Regarding the tool used for qualitative analysis, it was the following: 
McMaster University Guidelines and Critical Review Form for Quantitative 
Studies24, which has been previously used in recent systematic reviews 
in the Sports Science field25 and was considered the most appropriate 
for evaluating quantitative methods. With it, in each study, issues related 
to the following aspects were analyzed: 1) clearly stated objective of the 
study; 2) appropriately reviewed relevant literature; 3) type of design; 
4.1) sample described in detail; 4.2) justified sample size; 5.1) reliable 
outcome measures; 5.2.) valid outcome measures; 6.1) intervention 
described in detail; 6.2) contamination in the intervention was avoided; 
6.3) co-intervention was avoided; 7.1) results reported in statistical 
terms; 7.2) appropriate analysis; 7.3) clinical relevance was indicated; 
7.4) the dropout rate was reported; 8) conclusions consistent with the 
methodology and results. Each of these 15 items was valued with a "1" 
if the answer was affirmative and with a "0" if it was negative, giving a 
value of "low" if the result was less than or equal to 5, "moderate" if the 

result was between 6 and 10, and “high” if it was greater than 10. From the 
included studies, the following information was extracted in a previously 
designed data sheet: authors and year, study design (data obtained 
through questionnaire or direct measurement) and characteristics of 
the participants (sex, age, height and weight, training state). Regarding 
exercise, information related to the activities or exercises performed 
and training load (sets and repetitions, duration, rest between sets and 
exercises, intensity...) were extracted, as well as information related to 
findings about pelvic floor involvement. 

Results

The qualitative analysis of the selected studies is shown in Table 1. 
The 7 selected studies12,13,26-30 were included in the qualitative analysis. 
The characteristics of the studies included in the review are summari-
zed in Tables 2 and 3. The included studies that analyzed the impact 
of PFD in CrossFit® practitioners compared to other sports disciplines 
is reflected in Table 2, while a study that compared the PFD between 
female CrossFit® practitioners and sedentary females is shown in Table 3. 
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Figure 1. Flowchart of the study selection process.
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Table 1. Qualitative analysis of the selected studies.

Nº Authors and year 1.  
Purpose 

of the  
study 
(0/1)

2.  
Literature 

(0/1)

3.  
Design 

(0/1)

4.  
Sample 

(0/2)

5. 
Outcome 
measures 

(0/2)

6.  
Interven-

tion 
(0/3)

7.  
Results 

(0/4)

8.  
Conclu-

sion 
(0/1)

Sum of 
quality 
criteria 
(0/15)

Assessment 
according 

to score 
(Poor / 

Moderate / 
High)

1 Elks, et al., 2020 1 0 1 2 2 1 3 1 11 High

2 Forner, et al., 2021 1 1 1 1 2 2 3 1 12 High

3 Gephart, et al., 2018 1 0 1 1 2 1 2 1 9 Moderate

4 Khowailed, et al., 2020 1 1 1 1 1 2 3 1 11 High

5 Machado, et al., 2021 1 1 1 2 2 3 3 1 14 High

6 Middlekauf, et al., 2016 1 1 1 1 2 2 3 1 12 High

7 Yang, et al., 2020 1 1 1 1 2 2 2 1 11 High

11.43 High

Table 2. Results of studies that compare women practicing CrossFit® with women practicing other sports.

Authors and 
year

Characteristics of the participants 
and the physical activity practiced

Evaluation instrument and exercise  
protocol performed (if any)

Main findings

Elks, et al., 2020 n = 403 women

n = 303 CrossFit practitioners
38 (30-45) years
BMI: 23.9 (22.4-26.9) kg/m2

2 (1-3) vaginal deliveries
n = 33 ± 10 menopausal

n = 100 non practitioners
31 (26.5-39.5) years
BMI: 23.9 (21.6-26.2) kg/m2

2 (1-2) vaginal deliveries
n = 8 ± 8 menopausal

ISI Questionnaire (Sandvik, et al., 2000): 

UDI-6 Questionnaire (Barber, et al., 2001).

POPDI-6 Questionnaire (Barber, et al., 2001).

UI log during training and competition, and 
type of exercises.

Higher prevalence and severity of UI in women 
who participate in CrossFit compared to those 
who do not:

84% of CrossFit participants (256 ± 84) vs. 48% of 
non-participants (48 ± 48) (P <0.001) reported UI 
on some occasion.

Higher UI severity score in CrossFit participants. 
20.8 (8.3-37.5) vs. 12.5 (2.1-27.1) (P <0.001). 

No differences between groups for pelvic 
prolapse (P >0.05).

The exercises that reflected higher percentages 
of urine loss in CrossFit practitioners and in which 
differences seem to be reflected with respect 
to the control group were double jumping ropes 
(65%), rope climbing (50%) and weightlifting (40%).

Forner, et al., 
2020

n = 1379 women

n = 858 CrossFit practitioners 
(Lifting >15 kg of weight in training) 
38.5 ± 8.8 years 
BMI: 25.77 ± 4.48 kg/m2 
n = 452 vaginal deliveries (52.7%) 
n = 87 ± 10 menopausal

n = 521 runners  
(That they did not lift >15 kg of 
weight in training) 
38.4 ± 9.2 years 
BMI: 24.19 ± 3.91 kg/m2 
n = 295 (56.6%) vaginal deliveries 
n = 50 ± 10 menopausal

PFDI-20 Questionnaire (Barber, et al., 2005) 
made up of questionnaires: UDI-6, POPDI-6  
y CRADI-8.

The group of runners presented higher scores 
than the group of CrossFit practitioners in the 
total PFDI questionnaire (22.9 vs 17.7; P <0.001), 
in the POPDI (4.2 vs 0; P <0.001), and in the CRADI 
(6.3 vs 3.1; P <0.001).
No differences between groups in the UDI-6 
questionnaire (P >0.05).

Scores were relatively low in both groups.

(continued)
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Gephart, et al., 
2018

n = 10 women (26–48 years, half of 
them nulliparous)

n = 5 CrossFit practitioners
(>2 sessions per week, minimum 6 
months)

n = 5 non-CrossFit practitioners  
(for at least 1 year)

Intravaginal catheter:

Goby Laborie wireless system (Laborie 
Medical Technologies, Mississauga, ON, 
Canada) to measure intra-abdominal pressure 
during a CrossFit class with 10 repetitions 
of the following exercises (weight chosen 
by each participant): weightless squats, 
front (front bar) and back (back bar) squats, 
burpees, deadlifts, kettlebell swings, lunges, 
pull-ups, push-ups, crunches, thrusters, wall 
balls, and jumping jacks jump rope with 
doubles if possible.

There was no difference in intra-abdominal 
pressure observed between the group of female 
CrossFit practitioners and the non-practice group.

The highest intra-abdominal pressure was gene-
rated during jump rope, arm dips, front barbell 
squats, thrusters, and wall balls (P <0.0001).

As the repetitions performed increased, the intra-
abdominal pressure increased for the back squat 
(P = 0.003) while it decreased for the abdominals 
(P = 0.04).

Khowailed, et 
al., 2020

n = 14 women (18-40 years, 10 of 
them nulliparous, 3 vaginal delivery)

n = 2 training <2 h/week 
n = 9 training 3-6 h/week 
n = 3 training >6 h/week

n = 9 CrossFit practitioners 
BMI: 22.4 ± 2.3 kg/m2

n = 5 Kickboxing or Bootcamp 
practitioners 
BMI: 24.5 ± 2.7 kg/m2

Questionnaire “The Female Athlete Survey: 
Urinary Incontinence Survey” (Carls, 2007).

This questionnaire includes questions 
addressed to:

a) identify symptoms of SUI during high-
impact activities.

b) Evaluate the willingness of the 
participants to try exercises to improve 
the UI (not included).

c) Assess willingness to seek treatment for 
UI and their awareness of it.

Urine losses were higher in the participants who 
performed CrossFit than in those who performed 
Kickboxing or Bootcamp (P = 0.023).

64.2% of the participants reported some loss of 
urine.

78% of the participants associated urine loss with 
jumping activities (jump rope, drawer), and with 
abdominal contraction activities such as sneezing 
or laughing.

67% of the participants associated urine loss with 
running.

Middlekauf, et 
al., 2016

n = 61 women (26.8 ± 3.79 years), 
nulliparous
BMI: 24.06 kg/m2

n = 32 intense exercise 
practitioners (>6 months practicing 
CrossFit >3 sessions/week)

n = 29 light exercisers (not 
participating in any intense or impact 
strength or conditioning exercise in 
the previous 6 months) 
22.7 ± 3.9 años 
BMI: 22.8 kg/m2

Pelvic exam from a registered nurse through:

Exam (POP-Q) (Bump, et al., 1996), 

Pelvic floor muscle strength through a 
perinometer (Peritron 9300 V vaginal 
perineometer, Laborie, Mississauga, Ontario, 
Canada), with which 3 MVC of the pelvic floor 
were measured (contract and relax and the 
vaginal rest pressure or VRP).

15 minutes before and after performing:
a) Intense exercise group: 15 funds, 5 

deadlifts at 80% of 3RM, 5 push-presses at 
80% of 3RM, 15 burpees, and 20 sit-ups.

b) Non-intense exercise group: 20 minutes 
walking at your preferred intensity and 
pace.

There were no significant differences between 
groups in terms of vaginal support. Both vaginal 
tone and resting vaginal pressure decreased 
slightly after performing both exercises (P >0.05).

Only one participant reported POP.

27.7% of participants in the intense exercise 
group vs. 8.57% of the non-intense exercise 
group reported urine loss in relation to physical 
activity, coughing, sneezing.

68.6% of participants did not perform pelvic floor 
strengthening exercises, compared to 17.1% 
who did and 14.28% who were unaware of their 
existence.

Yang, et al., 
2018

n = 105 CrossFit practitioners
(4-5 sessions/week)
36.9 ± 10.4 years
BMI: 24.9 ± 3.7 kg/m2

36.2% nulliparous. Of the 63.8% 
with a history of childbirth, 47.6% 
reported vaginal delivery

n = 44 aerobic exercise 
practitioners
BMI: 25.6 ± 2.7 kg/m2

63.6% nulliparous. Of the 36.4% 
with a history of childbirth, 68.8% 
reported vaginal delivery

ISSI questionnaire (Terai, et al., 2004). The incidence of SUI was higher in CrossFit 
participants (27.8%) than in aerobic exercise 
participants (0%) (P <0.003).

47.6% of CrossFit participants reported SUI. 
The exercises with the most pronounced urine 
loss were jump ropes, both double (47.7%) and 
simple (41.3%), and box jumps (28.4%). None of 
the aerobic exercise practitioners reported SUI 
during the exercise.

The most commonly used prevention strategies 
were emptying the bladder before training, 
wearing dark pants, and performing Kegel 
exercises during training.

Table 2. Results of studies that compare women practicing CrossFit® with women practicing other sports (continuation).

BMI: Body Mass Index; DSP: Pelvic Floor Dysfunction; POP: Pelvic Organ Prolapse; IF: Fecal incontinence; UI: Urinary incontinence. PFDI: Pelvic Floor Distress Inventory; UDI-6: Urinary Distress 
Inventory; POPDI-6: Pelvic Organ Prolapse Distress Inventory; CRADI-8: Bowel Dysfunction Scale; ISI: Incontinence Symptoms Index, SUI: Stress Urinary Incontinence; ICIQ-SF: International Con-
sultation on Incontinence Questionnaire – Short Form; POP-Q: POP-Quantification; MVC: Maximal Voluntary Contraction; RM: Maximum Repetition; VRP: vaginal rest pressure; ISSI: Incontinence 
Symptom Severity Index.
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Discussion

The purpose of this study was to conduct a systematic review of 
the literature to find out if CrossFit® favors PFD to a greater extent than 
other sports disciplines. Of the seven studies included in the systematic 
review, six compared the impact of CrossFit® with other disciplines on 
one or more PFD disorders. However, we will discuss, on the one hand, 
the studies in which PFD was evaluated using different validated ques-
tionnaires and, on the other hand, the studies that evaluate the pelvic 
floor through direct exploration. In the first group, the results indicate 
that CrossFit® causes greater stress UI than 1) kickboxing or bootcamp, 
2) practicing aerobic exercise and 3) ‘no practicing’ CrossFit®12,19,30. One 
factor that could influence this result is the higher percentage of vaginal 
deliveries in the study sample30, which has been suggested as a risk fac-
tor for suffering UI31-33, although slightly higher UI results (60% vs. 40%) 
have also been observed among participants with a history of vaginal 
deliveries and nulliparous participants34. Another factor previously 
associated in the literature with greater UI is the higher percentage of 
postmenopausal participants19 among CrossFit® practitioners2,3,13. Finally, 
all the reviewed literature indicated greater urine losses in these high-
impact exercises: rope jumping, box jumping and running12-14,19,27-30,32,34. 
In contrast to the UI results, female runners were found to have a higher 
incidence of POP and FI, but not UI, than female CrossFit® practitioners13, 
which could suggest that running may be more negative for FI than 
CrossFit®, although this should be taken with caution to avoid specu-
lation about suggesting that CrossFit® is healthy for the pelvic floor or 
that running is strictly a cause of anorectal dysfunction13. 

Regarding the studies that evaluated the contraction and relaxation 
capabilities of the pelvic floor muscles through direct pelvic examina-
tion, the results revealed no differences in intra-abdominal pressure 
and vaginal tone during the same exercises, neither between female 
CrossFit® and non-CrossFit® practitioners27, nor between CrossFit® and 
light exercise practitioners29. Interestingly, this lack of differences in PFD 
between female CrossFit® practitioners and non-practitioners / light 
exercisers is observed despite the existence of differences between 

CrossFit® and control groups in BMI or training volume, which are 
factors traditionally linked to PFD in the literature3,13,14,19,32,35. Therefore, 
it could be thought that this lack of differences between CrossFit® and 
the control groups in both studies can be attributed to the similarities 
in terms of the gynecological history of participants’ vaginal deliveries, 
the majority being nulliparous27,29, or the fact that, in both studies, more 
than 30% of participants did not perform pelvic floor strengthening 
exercises27,29. However, the explanation that seems to gain more strength 
is that the absence of differences between study groups when pelvic 
floor is evaluated by direct examination instead of using questionnaires 
is precisely the assessment methodology. This is observed in the only 
study of the seven that compares female CrossFit® practitioners and se-
dentary women28. This research analyzes both questionnaires and pelvic 
floor tone by direct examination and electromyography, and revealed 
a UI up to six times greater in CrossFit® practitioners, but nevertheless, 
there are no differences in the contraction capacity of the pelvic floor 
between groups28. This could suggest a greater reliability of question-
naires to detect PFD than pelvic examinations, and could explain the 
greater number of studies that use questionnaires, in addition to the 
high percentage of women (76%) who, even reporting UI, indicated that 
they had never received pelvic floor assessment34. In fact, despite the 
presence of eight different questionnaires in the total of seven analyzed 
studies referring to different PFD symptoms, all of them are based on 
simple severity scales (none, some, moderate, severe), which seems to 
guarantee the reliability of the questionnaires as instrument. 

Finally, several of the included studies agreed on low percentages of 
POP, less than 4%, generally observed in all participants13,14,29,32, although 
it seems that the prevalence of sexual dysfunction was studied to a 
much lesser extent. In fact, other research that coincided with the low 
prevalence of POP yielded an intriguing percentage of 48.7% of par-
ticipants reporting pain during sexual intercourse14. Therefore, sexual 
dysfunctions should be further explored in future studies, as they may 
contribute to worsening females’ well-being.

Despite addressing a topic of recently increasing attention such 
as PFD, which seems to underlie a relatively novel and highly practiced 

Table 3. Results of studies that compare women practicing CrossFit® with sedentary women.

Authors and year Characteristics of the participants and 
physical activity practiced

Evaluation instrument and exercise  
protocol performed (if any)

Main findings

Machado, et al., 2021 n = 42 women (26.6 ± 3.6 years,  
BMI: 23.7 ± 2.9 kg/m2)

n = 21 CrossFit practitioners.
(Minimum 6 months and 3 sessions/ 
week à 22 (6-60) months and  
4.45 ± 0.8 sessions/week)
More menstrual irregularities

n = 21 sedentary women.
(No practice of systematic physical  
activity for at least 6 months).
Increased use of contraceptives

ICIQ-SF Questionnaire (International 
Consultation on Incontinence 
Questionnaire – Short Form) (Tamanini, 
et al., 2004).

Assessment (0-5) of a MVC of the pelvic 
floor by a physiotherapist by means of 
palpation, following the Modified Oxford 
Scale (Pereira, et al., 2014).

Miotool 400 electromyography (Miotec 
Equipamentos Biomédicos Ltda, Brazil) 
with protocol adapted from previous 
study (Glazer & Hacad, 2012).

Higher prevalence of UI (6 times more) in 
the group of CrossFit practitioners  
(P <0.001). 75% of the CrossFit group 
associated the losses with exercise, 
specifically in activities that involved 
jumping (rope, box...) and weightlifting.

There were no differences between 
groups in pelvic floor strength  
(P >0.05) or electromyographic variables, 
although MVC from electromyography 
tended to be higher in the CrossFit 
group (P = 0.069).

BMI: Body Mass Index; ICIQ-SF: International Consultation on Incontinence Questionnaire–Short Form; MVC: Maximal Voluntary Contraction; UI: Urinary incontinence.
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sport modality through a solid methodology, some limitations must be 
mentioned. There is a great variability in exercise modalities considering 
the number of studies (7) finally included in the review, which not only 
impairs the development of a meta-analysis that would provide more 
robustness, but also the correct interpretation of findings. In fact, of the 
six studies that compared CrossFit® practitioners with a control group, 
only two detailed the physical activity carried out by the control group, 
this activity being running (n = 1) or kickboxing/bootcamp (n = 1). Out 
of the other six studies, two indicate that the control group was com-
posed of non-CrossFit® practitioners, without specifying whether they 
performed other types of physical activity, while in two other studies the 
control group consisted of aerobic exercise practitioners without inclu-
ding details on impact or intensity. Further studies comparing CrossFit® 
with other exercise modalities should include an accurate description of 
control group’s physical activity practice to reduce heterogeneity and 
potentially confounding factors. Additionally, other aspects such as the 
timing of data collection (immediately after training or not), participants’ 
history of vaginal strengthening exercises or the development of strategies 
to reduce UI before training, such as urinating or reducing water intake, 
should be carefully described, as they may influence the results34 and, 
finally, the consideration of different subtypes of UI and FI may be a key 
aspect to clarify the findings and facilitate therapists and trainers adjust 
PFD rehabilitation. 

In conclusion, when PFD is assessed through validated questionnai-
res, CrossFit® seems to cause greater UI than (1) kickboxing and bootcamp, 
(2) aerobic exercise, (3) not practicing CrossFit® and (4) sedentary lifestyle. 
In contrast, running seems to trigger more FI than CrossFit®. On the other 
hand, when the information comes from a direct pelvic examination, no 
differences are observed between women who practice CrossFit® and 
1) women who practice light exercise, 2) women who do not practice 
CrossFit®, and 3) sedentary women. However, due to methodological 
differences, the results should be taken with caution and future studies 
should specify in detail the physical activity practices of the control group, 
as well as potentially influential factors, such as gynecological history.
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Resumen

Introducción y objetivos: Los trastornos alimenticios son un problema creciente en nuestra sociedad, en especial entre 
los jóvenes. El objetivo de este estudio es conocer cuáles son los factores individuales y sociales que apoyan y perpetúan 
el peligro de padecer trastornos de la conducta alimenticia, y sus posibles consecuencias en el rendimiento deportivo y 
académico de los individuos. 
Material y método: La muestra la componen 395 deportistas entre 12 y 16 años (M = 14,07; DT = 1,35), de los cuales 142 
(35,9%) son mujeres y 253 (64,1%) hombres. Se administró un cuestionario para recabar información sobre datos sociode-
mográficos, imagen corporal, uso de redes sociales, relaciones sociales, práctica deportiva, peligro de padecer trastornos de 
la conducta alimenticia y rendimientos académico y deportivo. En el análisis se llevaron a cabo, en primer lugar, tablas cru-
zadas para observar la distorsión corporal de los encuestados en función del índice de masa corporal; en segundo lugar, una 
regresión lineal para analizar los factores influyentes en el peligro de padecer trastornos de la conducta alimenticia. Además, 
se realizaron correlaciones para averiguar la relación entre peligro de manifestar trastornos de la conducta alimenticia y el 
rendimiento académico y deportivo. 
Resultados: El resultado principal muestra que existe un peligro alto de trastornos de la conducta alimenticia por parte de 
los jóvenes deportistas, a partir de una elevada distorsión de la imagen corporal que se convierte en el factor mayormente 
determinante. Además, las relaciones con la familia y amigos tienen influencia significativa ante este peligro. Por otro lado, las 
conductas relacionadas con los trastornos alimenticios hacen que el rendimiento académico y deportivo baje. 
Conclusión: Debido a estos datos, se hace necesario generar y promocionar pautas de prevención y detección temprana 
durante la adolescencia.
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Summary

Introduction and objectives: Eating disorders are a growing problem in our society, especially among young people. The 
aim of this study is to know which are the individual and social factors that support and perpetuate the danger of suffering 
from eating disorders, and their possible consequences on the sports and academic performance of individuals. 
Material and method: The sample consisted of 395 athletes between 12 and 16 years of age (M = 14.07; SD = 1.35), of whom 
142 (35.9%) were female and 253 (64.1%) male. A questionnaire was administered to collect information on sociodemographic 
data, body image, use of social networks, social relationships, sports practice, risk of eating disorders, and academic and sports 
performance. In the analysis, firstly, cross-tabulations were carried out to observe the body distortion of the respondents ac-
cording to body mass index; secondly, a linear regression was performed to analyze the factors influencing the risk of eating 
disorders. In addition, correlations were performed to find out the relationship between risk of manifesting eating disorders 
and academic and sports performance. 
Results: The main result shows that there is a high risk of eating disorders among young athletes, due to a high distortion of 
body image, which becomes the main determinant factor. In addition, relationships with family and friends have a significant 
influence on this danger. On the other hand, behaviors related to eating disorders cause academic and sports performance 
to decrease. 
Conclusión: Due to these data, it is necessary to generate and promote prevention and early detection guidelines during 
adolescence.
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ocial networks. Athletes.
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Introduction

Eating disorders (EDs) are a public health problem (Gómez et al., 
2018)1. Such disorders can be classified into several groups with very 
diverse characteristics (see American Psychiatric Association, 2013)2. 
However, anorexia and bulimia nervosa have received the greatest 
attention in the scientific literature because they present similar be-
haviours in terms of body image, social relationships, interaction with 
food, etc., and their perpetuation may be due to similar causes (Modica, 
2020)3: dissatisfaction with body image, fear of gaining weight and ob-
sessive thoughts about eating, leading to serious modifications in the 
daily diet, sometimes eating small amounts and sometimes in excess 
or performing purging behaviours (American Psychiatric Association, 
20132; Behar et al., 20144; Ponce et al., 20175). 

Even before their manifestation and clinical detection, these disor-
ders affect the individual’s self-esteem, social relationships and academic 
and work performance (Avila et al., 2019)6. In the face of this situation, 
health professionals rely on different standardised measurement scales 
to observe the incipient condition: SCOFF, BITE, BES, BULT, EAT-40, 
EAT-26, TFEQ/EI, etc. (Vela et al., 2017)7, detection instruments which 
they use as screening and study tools.

The scientific literature and professionals that focus on people 
suffering from these disorders argue that we are facing multifactorial 
phenomena: biological, psychological, family and social. Therefore, the 
social-ecological model of analysis is especially important (Wang et al., 
2013)8. This model is organised around three factors: one, the sociocul-
tural factor, in which the different settings in which the subject operates 
are taken into account; two, the sociodemographic factor, defined by 
sex or age; and three, the psychological factor, inherent in each subject. 
Consequently, three aspects come into play: personal characteristics, 
social characteristics and how the individual reacts to them through 
self-assessment and social comparison (Festinger, 1954)9. 

EDs had, until now, been considered an almost exclusively female 
problem (Fitzsimmons-Craft et al., 201410; Torres, 201911; Schaefer et al., 
201412); however, there is an increasing prevalence among men (Ferreiro 
et al., 201213; Veses et al., 201414). Meanwhile, the bulk of sufferers is still 
found in adolescents between the ages of 12 and 18*15  (Villegas-More-
no, 2021)16, a critical stage for developing body image and greater 
susceptibility to possible body dysmorphic and eating disorders (Gaete 
et al., 202017; Klump, 201318). 

Adolescents and young people who do sport are not immune to 
this situation, especially so considering that in addition to the pressure 
and ideals of beauty observed in their social environments and/or peer 
groups, they are also under physique-related pressure to improve their 
athletic performance (see, among others, Fitzsimmons-Craft et al., 201410; 
Monserrat et al., 202119; Villar, 201720). This is so to the point that the 
term athletic anorexia has been coined to refer to the set of subclinical 

eating behaviours manifested by athletes to arrive at a physique which 
comes as close as possible to the desirable image associated with their 
particular sport (Baquero, 2020)21.

And that is not all, because young athletes are not just exposed 
to environmental and sports-related pressure. They also have to deal 
with the Internet, where, on the one hand, they have ready access to 
content on famous personalities/athletes with whom they can compare 
themselves and, on the other, they are bombarded with advertising 
which, on certain occasions, does not correspond to reality or is mis-
leading. According to AHAB (Associació Contra l’Anorèxia i la Bulímia; 
Association against Anorexia and Bulimia) (2020)22, social networks, 
together with the need to adapt to and preoccupation with a slim body 
ideal associated with social, family and professional success, could be 

a factor which explains physiological vulnerability to presenting an ED. 

How individuals use the Internet plays an important role in both the 

prevention and development of EDs. In adolescence, Instagram, Face-

book or YouTube, whose main content consists of images, can negatively 

affect body self-perception (Pérez and Cassany, 2018)23, whether one 

just views images or actually creates content, since they can generate 

dissatisfaction with one’s physique, due to the mismatch between the 

ideal of beauty and one’s own reality (Romo del Olmo, 2020)24, even 

leading to the use of filters and/or retouching to modify the physique in 

order to publish a supposedly perfect image to please as many people 

as possible (Romo del Olmo, 2020)24.

In short, bearing in mind the different scenarios which can act as 

predisposing factors and triggers for EDs, we decided to study this phe-

nomenon with young athletes in a Spanish province, focusing on social 

and individual factors. Taking into account the preceding literature, an 

emphasis was placed on comparisons based on sex (Fitzsimmons-Craft 

et al., 201410; Schaefer et al., 201412) and age in a sports environment 

(Ferreiro et al., 201213; Chardon et al., 201625).

Materials and methods

The sample was selected from among those taking part in a sports 
injury prevention and medical examination programme run by a com-
pany specialising in sports clubs in a Spanish province. The sample 
consisted of 395 athletes (all of whom agreed to participate voluntarily) 
between the ages of 12 and 16 (M = 14.07; SD = 1.35), of which 142 
(35.9%) were female and 253 (64.1%) male. Their sports were football 
(47.1%), basketball (19.2%), handball (19%), swimming (1.8%), rugby 
(4.1%) and volleyball (6.3%).

The report that the participants completed, with the help of a pro-
fessional, consisted of several sections: socio-demographic data, data 
related to body image, use of social networks, sports activity, social rela-
tionships and questions related to academic and athletic performance.

* However, these conditions are increasingly affecting the adult population (Letelier, 2021)15.



The usefulness of sports medical examinations to detect and prevent eating disorders

101Arch Med Deporte 2024;41(2):99-106

The Sick, Control, One, Fat, Food (SCOFF) questionnaire (Morgan et al., 
1999)26 was also used to analyse the presence of warning signs signalling 
the presence of Eating Disorders (Anorexia Nervosa or Bulimia Nervosa). 
The original questionnaire consists of five dichotomous (yes, no) ques-
tions. The respondents get one point for every “yes” answer. A score of 
2 or more indicates a highly likely case of anorexia or bulimia. For our 
study, because all the questions on the questionnaire required an answer 
on a scale of 0 to 5, the Scoff score ranged from 0 to 25. Consequently, 
10 points meant risk of an ED and more than 15 indicated a high risk.

The questionnaire was computerised and answered anonymously 
through the Limesurvey platform. The data was collected between 
September and November 2022. The respondents were interviewed 
individually in the presence of professionals, with the prior consent of 
their sports clubs and/or those responsible for them. 

Initially, descriptive statistics (mean and standard deviation) were 
calculated to observe the prevalence of EDs. Next, to study the respond-
ents’ body image disturbance, the BMIs of the study subjects and the 
subjective diagnoses that they themselves gave were cross-tabulated.

Subsequently, following the social-ecological model (Wang et 
al., 2013)8, we performed a linear regression analysis to discover the 
different factors that influence the development of ED risk. Given the 
high number of initial variables and high correlations between some 
of them, a factor analysis with orthogonal rotation (maximum-like-
lihood method) was conducted beforehand (varimax: KMO = 0.818;  
ig. = 0.000) to reduce dimensionality and avoid multicollinearity problems. 

Finally, to calculate the possible consequences of the risk of de-
veloping an ED, we made correlations between Scoff and the variables 
related to hours of sleep, concentration when studying and physical 
and mental fatigue.

Data analysis was performed using SPSS-27 for Windows.
However, the study had limiting factors which need to be taken 

into consideration. First, the sampling was not random. Therefore, it did 
not give representative data for each group of athletes. This information 
is crucial, especially for elite athletes, due to the demands of different 
sports in terms of weight and/or muscle mass (see Baile et al., 2021)27.

Second, there may be non-observation errors (Groves, 1989)28 due 
to the impossibility of obtaining all the influential variables, such as, for 
example, psychological variables.

Third, the possibility of measurement errors, due to the fact that 
the surveys were carried out during the medical examinations, which, 
although the questionnaire was short, meant that the attitude and 
cooperation of the subjects were subject to haste. 

Fourth, BMI is not a fully objective tool to diagnose normal, insuffi-
cient or excess weight and even less so in the sports population, given 
that the index only takes into account weight and height, ignoring 
information as useful as muscle mass and its percentage with respect 
to fat mass.

Fifth, we consider age a limiting factor, since the subjects surveyed 
were passing through a stage of life in which numerous changes in 

body composition occur, typically as a result of growth and social 
influence. 

And, sixth, there was no non-athletic control group to be able to 
compare the level of significance of the variables in the two populations.

Results

According to the data in Table 1, 77.7% showed some type of risk 
of suffering an ED and 22.3% showed a high risk (M = 13.3; SD = 3.33). 
If we look at sex, we observed that 76.7% of the females and 78.1% of 
the males revealed some type of risk. And, analysing this according to 
age (Figure 1), we saw that most of the “risk” scores came between 14 
and 15 years, and most of the “high risk” scores were at the age of 16. 
12-year-olds got the most “no risk” scores.

To recode the participants’ Body Mass Index (weight/height2), we 
took into account their age range (12-16 years) and the considerations 
that this entails. For children under 14 years of age, a BMI under 15 kg/m2 
was considered underweight; a BMI between 15 and 21 kg/m2 was 
considered normal weight; a BMI between 21 and 25 kg/m2 was con-
sidered overweight; and a BMI over 25 kg/m2 was considered obesity. 
For participants aged between 14 and 16, a BMI under 16 kg/m2 was 
underweight; a BMI between 16 and 24 kg/m2 was normal weight; 
a BMI between 24 and 27 kg/m2 was overweight; and a BMI over 
27 kg/m2 was obesity (Alvero et al., 2010)29.

The mean BMI of the sample analysed was M = 21.3 (SD = 2.1). With 
the recoded data, we observed that 4.1% were overweight, 0.3% were 

SCOFF Female n (%) Male n (%) Total n (%)

No risk 33 (23.2) 55 (21.7) 88 (22.3)

Risk 77 (54.2) 128 (50.5) 205 (51.9)

High risk 32 (22.5) 70 (27.6) 102 (25.8)

Age 12 13 14 15 16 Total

No risk 39 (56.9) 24 (30.8) 15 (18.1) 6 (5.3) 4 (4.5) 88

Risk 23 (35.4) 39 (50) 49 (59) 67 (70.5) 27 (38.8) 205

High risk 5 (7.7) 15 (19.2) 19 (22.9) 23 (24.2) 40 (56.7) 102

Table 1.  Risk of EDs in the surveyed population. Differentiation 
by sex and age.

*X2= 1.251a;  p = 0.001; **X2 = 111,384a; p = 0.001. 

N  %

Never 51 12.9

Rarely 143 36.2

Sometimes 120 30.4

Almost always 67 17

Always 13 3.3

Table 2. Response to the statement “I think I’m fat”.
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obese, 84.3% were normal weight and 11% were healthily underweight. 
None of the participants were unhealthily underweight.

Although most of the population surveyed had BMIs considered 
within their “normal” range and only 4.4% were overweight or obese, it 
was observed that 20.3% “considered themselves fat” always or almost 
always, and as many as 30.4% considered themselves fat sometimes 
(Table 2).

Because the data were considered disparate between objective 
BMI value and perception by the respondents, we cross-tabulated BMI 
and the answer to the question “I think I’m fat” to see the extent of body 
image disturbance among the respondents (Table 3). The Chi-square 
values accept the null hypothesis and, therefore, there is no relationship 
between feeling fat and BMI. In all, of the athletes with a BMI considered 
“normal”, 16.1% said they feel fat almost always and 3.6% always. And of 
the athletes with a BMI considered “underweight”, 23.3% feel fat almost 
always and 2.3% always.

In order to find out which variables predict the variability of the 
risk of suffering an ED through linear regression, we first reduced the 

I think I’m fat Body Mass Index

Low 
Weight

Normal 
weight

Overweight Obese

Never 5 45 1 0

Rarely 11 126 4 1

Sometimes 16 94 7

Almost always 10 53 4 0

Always 1 12 0 0

Total 43 330 16 1

Table 3. Response to the statement “I think I’m fat” and its rela-
tionship with BMI.

X2 = 9.201a; p = 0.686. 

Initial eigenvalues Extraction sums of
squared loadings

Compo-
nent

Total % of 
variance

Cumulative
%

Total % of 
variance

Cumulative
%

1 4.09 29.22 29.22 2.68 19.14 19.14

2 2.87 20.51 49.73 1.84 13.14 32.28

3 1.29 9.22 58.95 1.83 13.04 45.32

4 1 7.13 66.09 1.15 8.22 53.54

Table 4. Total Variance Explained.

Extraction method: maximum likelihood.

Table 5. Degree of saturation of the items in each factor.

Factor 
1

Factor 
2

Factor 
3

Factor 
4

I would like clothes to look better 
on me

-0.069 0.166 0.730 0.114

I would like a different physique 0.065 0.235 0.757 0.047

I follow someone on social media 
if they are nice and make me feel 
good

0.137 0.694 0.260 0.131

I follow someone on social media 
if they are good-looking and have 
a good physique

0.104 0.799 0.145 0.044

I would like to interact with more 
people

0.194 0.582 0.204 0.035

I would like to be the centre of 
attention in the team

0.003 0.282 0.165 0.205

I would like to be slimmer -0.067 0.232 9.670 0.112

In the last few weeks, I've spent 
time with my friends

0.253 0.118 0.163 0.790

In the last few weeks, I've had fun 
with my friends

0.428 0.135 0.115 0.568

My friends and I help each other 0.569 0.084 -0.222 0.253

I have enough money to do the 
same things as my friends

0.743 0.023 -0.008 0.175

I get enough money for my 
expenses

0.765 -0.033 0.083 0.103

I can talk to my parents whenever 
I need to

0.695 0.220 -0.094 0.068

My parents have enough time  
for me

0.638 0.272 -0.097 0.065

different behavioural variables into factors through the percentage of 
total variance explained (TVE). 66.09% was reached in the extraction 
(Table 4), which is an acceptable result because the minimum threshold 
of 60% was exceeded (Hair et al., 2010)30.

4 factors were extracted (Table 5). We called Factor 1 social and 
economic cooperation. It is saturated with the following variables: my 
friends and I help each other; I have enough money to do the same 

Figura 1. Riesgo de TCA en la población encuestadas.
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things as my friends; I get enough money for my expenses; I can talk to 
my parents whenever I need to; my parents have enough money for me.

We call Factor 2 social networks. It is saturated with the following 
variables: I follow someone on social media if they are nice and make 
me feel good; I follow someone on social media if they are good-looking 
and have a good physique; I would like to interact with more people; I 
would like to be the centre of attention in the team.

Factor 3 takes the name of body image because it is saturated with 
related variables: I would like my clothes to look better on me; I would 
like a different physique; I would like to be slimmer.

And finally, Factor 4 is called relationship with friends. It contains: 
in the last few weeks I’ve spent time with my friends; in the last week 
I’ve had fun with my friends.

Linear regression was determined using the stepwise variable 
selection procedure with the dependent variable Scoff score and the 
four factors defined above and the individual variables age and BMI as 
independent variables. Table 6 shows the descriptive statistics of the 
variables entered. No data are given on sex because it was entered as 
a dummy variable. 

Table 7 summarises the model. It should be noted that the R2 
reaches 76%, which indicates the goodness of fit of the model and the 

Table 7. Summary of the model (dependent variable SCOFF score).

Model Input 
variables

R R-squared Adjusted
R-squa-

red

Durbin-
Watson

1 Factor 3 0.841 0.707 0.706

2 Factor 3
Factor 1

0.854 0.730 0.729

3 Factor 3
Factor 1

Age

0.862 0.751 0.749

4 Factor 3
Factor 1

Age
BMI

0.866 0.764 0.762 1.892

Table 6. Descriptive statistics of the variables entered in the 
linear regression.

N Mean 
(SD)

Skew-
ness

Stan-
dard 
Error

Kurtosis Stan-
dard 
Error

Age 395 14.07 
(1.353)

-0.95 0.123 -1.202 0.245

Body Mass 
Index

391 21.349 
(2.199)

0.296 0.123 0.757 0.246

Factor 1 393 0.00 
(0.903)

-0.065 0.123 -0.537 0.246

Factor 2 393 0.00 
(0.874)

-0.066 0.123 -0.246 0.246

Factor 3 393 0.00 
(0.873)

-0.061 0.123 -0.498 0.246

Factor 4 393 0.00 
(0.840)

-0.373 0.123 -0.003 0.246

SCOFF 
score

390 13.35 
(3.334)

-0.090 0.124 -0.586 0.247

Linear R2 = 0.770

Standardised Predicted Value Regression
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Figure 2. SCOOF index dispersion.
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high capacity of the independent variables to explain the variance of 
the Scoff score.

Similarly, taking the Durbin-Watson statistic as a reference with the 
reference values for our sample and the number of variables considered 
in the linear regression, it can be understood that there is no autocor-
relation (positive or negative) (Figure 2).

Table 8 shows the linear regression bringing in different models: 
In model 1 (sig. = 0.000), the variables related to body image (factor 

3) (sig. <0.001) appear with a positive sign, so those who are significant-
ly interested in how their clothes look on them, would change their 
physique and would like to be slimmer are more likely to have an ED. 

Model 2 (sig. = 0.000) contains the variables related to body image 
(factor 3) (sig. <0.001) and social and economic cooperation (negative) 
(factor 1) (sig. <0.001). In this case, when there is no intergroup peer 
support, the individual has less money than their peers or does not talk 
to their parents when faced with problems, the danger of suffering an 
ED increases.

Model 3 adds age (sig. < 0.001) to the previous factors (sig. < 0.000), 
showing that there is a greater risk of suffering an ED as the study pop-
ulation becomes more adult.

Finally, model 4 (sig. <0.001) adds BMI (sig. = 0.002), showing that 
the higher this indicator, the greater the risk of having an eating disorder. 

In summary, it can be seen that concern about body image has 
the greatest explanatory weight regarding the danger of developing 

an ED, followed by social and economic cooperation with family and 
friends, age and BMI. Sex and the relationship with friends factor were 
excluded from the model because they did not significantly increase 
the variance explained.

The last objective of the study was to find out the degree to which 
the danger of suffering from an ED is related to the athletic and academic 
performance of adolescents. The answers to the questions posed were 
on a Likert-type scale from “yes, usually” to “no, never”.

Table 9 shows that there is a significant correlation between 
positive Scoff scores and not sleeping much, concentration problems 
and physical and psychological fatigue. The variable with the highest 
correlation was fatigue after training; the more tired the individual felt 
as a result of physical activity, the greater the risk of EDs. 

Discussion and conclusions

The aim of this study was to pinpoint the individual and social factors 
which pave the way towards and perpetuate the danger of suffering from 
eating disorders, and to analyse the consequences such disorders may 
have on the sports and academic performance of adolescent athletes.

When held up against other studies for the same age group 
(Villegas-Moreno, 2021)16, the chief findings of this study show a higher 
prevalence of danger of developing EDs in the young population that 
does sport. And not just that; the prevalence of danger of presenting 
EDs in the athlete population is also related to the type of sport. There 
are studies that claim that this is a consequence of the requirements or 
norms considered beneficial for performance (see, among others, Baile 
et al., 202127; Monserrat et al., 202119). 

This study does not expose any difference between the sexes. Unlike 
other studies, which point towards a greater rate of disorder in the female 
population (Torres, 201911; Schaefer and Thompson, 201412), neither the 
descriptive data nor the significance values in the linear regression sup-
port such a distinction. Therefore, we stress a need to work on prevention 
from a more age-based rather than sex-based perspective, considering 
age a more predictive factor. This may be because both the males and 
the females are in a stage of constant growth and development, and are 
continuously evaluating themselves and comparing themselves with 
their peers, be it in their class, school or sports team, and/or with famous 
people they see on social networks. However, due to the results found, we 
believe that it would be important and interesting for prevention work to 
be carried out prior to the adolescent stage (before the age of 12 or 13).

Another aspect to highlight is the lack of relationship between ob-
jective and subjective body image values. The fact that a large part of the 
respondents say they feel fat despite the fact that BMI data show that the 
vast majority are at normal weight highlights two main ideas supported 
by the data from the study: 1) the presence of body image disturbance; 
2) body dissatisfaction. Both are related to current beauty standards (see 
Villegas-Moreno, 2021)16, where body dissatisfaction is related to body 
fat (Neves et al., 2017)31.

Scoff Hours of 
sleep per 

day

Do you 
have 

trouble 
concen-
trating?

Do you 
feel 

tired?

Do you 
feel tired 

in trai-
ning?

Scoff

Pearson 
correlation

1 -0.251** -0.122** -0.193** -0.376**

Sig. (2-tailed) <0.001 0.01 <0.001 <0.001

Table 9. Correlations between Scoff score and athletic and 
academic performance (N = 393).

*The correlation is significant at the 0.05 level
**The correlation is significant at the 0.005 level

Table 8. Linear regression analysis.

Variables Model 1 Model 2 Model 3 Model 4

Body image 0.841** 0.832** 0.779** 0.780**

Social and 
economic 
cooperation 
with family and 
friends

-0.152** -0.139** -0.145**

Age 0.128** 0.108**

BMI 0.081**

**The correlation is significant at the 0.001 level
*The correlation is significant at the 0.005 level
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Consequently, there is a well-defined relationship between danger 
of ED and body image. The result of the linear regression clearly shows 
this, dissatisfaction with body image having the greatest explanatory 
weight despite the normal weights found. Secondly, although they 
explain the danger of EDs to a lesser extent, social and economic co-
operation relationships are another factor that go some way towards 
explaining the model insomuch as the less social and economic coop-
eration young people experience with their peers and family members, 
the more likely they are to suffer from eating disorders.

Similarly, the data show, in our case, that social networks, as a whole, 
do not show a significant relationship with the danger of developing an 
ED. However, that it is not the most determining factor in the danger of 
developing EDs highlights the fact that it is not simply consumption of 
networks that is a factor when it comes to determining EDs but rather 
using them as tools for relationships and aspiration. That is to say, follow-
ing someone who is attractive in itself does not pose a danger, but it can 
be dangerous when following someone is used for comparison and as 
a model to follow and/or imitate because “I express dissatisfaction with 
my body and I want to look like him/her” (Aznar et al., 202032; Romo del 
Olmo, 202024).

As for the relationship between developing an ED and sports and 
academic performance, we find that there is a relationship between the 
danger of developing EDs and feeling tired in day-to-day life, getting little 
rest and having problems concentrating. This demonstrates, as other stud-
ies highlight, the relationship between physiological and psychological 
problems and EDs (AHAB, 2020; American Psychiatric Association, 20132; 
Contreras et al., 202133). 

In our case, feeling tired and danger of developing an ED is not related 
to the number the hours of sport, unlike previous studies where the time 
dedicated to sport is positively related to the danger of developing an ED 
(Baquero, 202021; Ventura-Cruz et al., 202234 and Márquez S, 200835). This 
situation can be explained because in our case the subjects’ exercise is 
guided and supervised by coaches with a focus on competition. However, 
if in addition to the activities scheduled by their club, the subjects engage 
in more sports activity and suffer greater fatigue, they are at risk, because 
this “excess” has a more narcissistic rather than competitive component. 

In short and in conclusion, despite the limitations, we believe that 
this study is of high explanatory and probative value, allowing us to list 
several proposals for action: 

One, implement prevention programmes from an early age because, 
as has been seen, the danger increases with age.

Two, implement health promotion programmes where, in addition 
to working on eating and sports-related habits, aspects related to body 
image are also addressed. 

Three, design interventions based on age, in addition to sex, given 
that the data on body image dissatisfaction and risk of EDs are becoming 
increasingly similar between the sexes.

Four, when designing interventions, pay particular attention to 
the athlete population because, as we have observed, there is a very 

high risk of EDs among athletes. We even recommend differentiating 
between athletes according to type of sport both for diagnosis and for 
prevention and intervention.

By means of conclusion, we would like to highlight two points: 
first, that the young participants in the study have not been diagnosed, 
which shows that excessive preoccupation for the physique can lead 
to behaviour or attitudes that can affect the health before any disorder 
is diagnosed. Even more, if these co-morbidities are never diagnosed, 
they can persistently affect lifestyle. And second, the results support 
the undertaking of longitudinal studies in which the variability of the 
different dimensions analysed and their degree of influence on danger 
of developing EDs are observed over time.
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Special communication

About “energy” drinks 
Sobre las bebidas energéticas

Sociedad Española de Medicina del Deporte (SEMED)

Correspondence: Sociedad Española de Medicina del Deporte
E-mail: femede@femede.es

The media has recently reported that seven Spanish autonomous 
communities have plans to regulate the sale of what are known as 
“energy” drinks to under-18s. Galicia has taken the first steps to prohi-
bit under-18s from buying them as of 2024, but does any legislation 
currently regulate the consumption of stimulant drinks? What medical 
risks does consuming them involve?

Almost all “energy” drinks contain different stimulant ingredients 
(high caffeine content, minimum amounts of taurine, ginseng, guara-
na and so on), but they do not all contain sugar. There are “sugar free” 
options which, seeing that they do not provide energy, should not be 
classed as “energy” drinks at all.

If the ingredient that defines the classification is caffeine, for exam-
ple, and this is a stimulant, the name should reflect the composition 
and use given to these drinks, that is to say, they should be called 
stimulant drinks.

To date, the European Union (EU) has no regulations dealing with 
stimulant or ill-defined “energy” drinks. Some countries regulate their 
composition, as is the case with Austria, Lithuania, Latvia and Germany.

Spain has legislation on soft drinks (RD 650/2011), this being the 
classification in which they would be included, but it is not specific 
enough.

If the EU does not regulate, the Spanish Society of Sports Medicine 
(SEMED) believes that Spain should regulate the naming of these beve-
rages at national level, even though some aspects are the competence 
of the EU,, such as warning labels:

 − Composition: Beverages with a content of more than 15 mg of 
caffeine/100 ml, including energy shots in the regulation. 

 − Maximum size. “Energy” drinks should not exceed 250 ml.
 − Regulate sale to under-18s.
 − No free product samples at sports competitions, so as not to asso-

ciate their consumption with physical activity, exercise and sport, 
or in school environments (primary, secondary and high school).

 − Finally, as EU Regulation 1169/2011 governs labelling for products 
with high caffeine content other than coffee, tea or their derivati-
ves, in which the name of the product includes the word “coffee” 
or “tea”, Spain, as holder of the Presidency of the European Union, 
should ask the European Commission to initiate modification of the 
information given so that the warning reads: “High caffeine con-
tent. Not recommended for minors or pregnant or breastfeeding 

women” in the same visual field as the name of the drink, followed 
by a reference, in brackets, to the amount of caffeine per 100 ml.
The 2023 nutrient profiles of the WHO Regional Office for Europe 

classifies energy drinks in a subgroup within non-alcoholic beverages, 
as it does with juices and juices reconstituted from concentrate, dairy 
milk drinks, plant-based milks, water and flavoured soft drinks.

The recommendation of the European Food Safety Authority (EFSA) 
is not to exceed 400 mg of caffeine/person/day, but this should be 
understood as an amount to be spread out over 24 hours. Stimulant 
drinks are consumed in 10-30 minutes and so their physiological effect 
is completely different. The problem is not the amount of caffeine a per-
son consumes per day, where the calculation is made for consumption 
distributed over 24 hours, but when it is consumed in concentrated form 
(160 mg) in a single act in a very short space of time.

High caffeine content per 100 ml is potentially the most dangerous 
factor for the health. To make matters worse, the containers used for 
these drinks are usually large, 500 ml, and the contents are drunk quickly.

The side effects can include: gastrointestinal discomfort, anxiety, 
restlessness, nervousness, tremor, headache, irritability, dependence, 
psychomotor agitation, peptic ulcer, epileptic seizure and the list 
goes on.

At the cardiological level, the increase in catecholamine levels 
facilitates cytoplasmic calcium overload, which can trigger atrial and 
ventricular arrhythmias. There is also a risk of coronary vasospasm, increa-
sed platelet aggregation and endothelial dysfunction, all of which are 
conducive to acute myocardial ischaemia, and ventricular arrhythmias 
as a result of that ischaemia.

On top of everything, stimulant drinks are often drunk in combina-
tion with alcohol, which favours dehydration by increasing diuresis, more 
so in conditions which induce sweating (outside and inside premises), 
and this can pave the way to arrhythmias. 

These drinks can even mask hereditary channelopathies such as 
long QT syndrome through the release of catecholamines or Brugada 
syndrome through the sodium-channel-blocking effect of taurine.

For all these reasons, the Spanish Society of Sports Medicine (SE-
MED) calls on the competent authorities to regulate the supply and 
naming of drinks of this kind, with the ultimate aim of protecting the 
health of the population in general and under-18s in particular.
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