Dealing with menstrual cycle in sport:

stop finding excuses to exclude women from research.
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Abstract:

The current literature is mostly male-based, limiting evidence-based recommendations for training individualization for female athletes. Recently, studies have relied on recent findings showing a potential effect of the menstrual cycle to exclude female athletes from their samples. We highlight that the arguments usually put forward to this action are not acceptable. Our discussion aims to elucidate that female physiological parameter can be confounding variables in the same way than other parameters (temperature, nutrition, fatigue…). Those are usually well handled in most studies. This is important to bridge the current sex data gap and promote research on female athletes. Specially as we approach the next Olympic Games, were, for the first time, there will be full gender parity in terms of athlete numbers at the Olympic Games Paris 2024.
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We read with interest the article of Nardon et al [START_REF] Nardon | Fasting-Mimicking-Diet does not reduce skeletal muscle function in healthy young adults: A randomized control trial[END_REF] on the short-and long-term effects of a fasting-mimicking-diet on force production. This study excluded female subjects. To our great surprise, the justification for this exclusion is based on the misappropriation of the conclusions of our review (Effects of Menstrual Cycle Phase on Elite Athlete Performance; [START_REF] Meignié | The Effects of Menstrual Cycle Phase on Elite Athlete Performance: A Critical and Systematic Review[END_REF]. In fact, it was suggested that the influence of the menstrual cycle on metabolic patterns and body composition linked to hormonal fluctuations "could be a confounder". Yet, our review highlighted the lack of scientific studies on female elite athletes, which ultimately makes it difficult to conclude whether the menstrual cycle influences sports performance. This conclusion shared by other authors somehow has provoked misleading interpretations and unexpected practices. In another example, a systematic review excluded papers including female subjects due to the potential impact of hormonal fluctuations on performance "thereby rendering it difficult to interpret findings" [START_REF] Ravindrakumar | Daily variation in performance measures related to anaerobic power and capacity: A systematic review[END_REF]. These arguments are not new. However, they rely on the hypothesis that confounding factors in men would be less variable and, therefore, predictable than in women. By extrapolating this reasoning, a proper male inclusion in research should include only men of the same age, size, weight, training level, past injuries, heart rate, motivation, etc.

Female hormones oscillate during the menstrual cycle and may affect performances [START_REF] Mcnulty | The Effects of Menstrual Cycle Phase on Exercise Performance in Eumenorrheic Women: A Systematic Review and Meta-Analysis[END_REF], but testosterone is also variable in and among individuals and largely impacts performances [START_REF] Gaviglio | Salivary testosterone and cortisol responses to four different rugby training exercise protocols[END_REF]. Other factors may affect testosterone concentration in men including sleep, nutrition or circadian pattern, resulting in performance modulations. The issues surrounding menstrual cycles, that try to justify female exclusions, may be similar in male athletes if one considers that the variations of testosterone also influence performance. Hence, the menstrual cycle is just another factor that researchers must deal with.

Numerous recommendations to help researchers to include female athletes in their studies have been published. Among them: i) increase sample size to reduce variability; ii) do the experimentation in the same phase of the cycle for each participant; iii) design longitudinal studies that consider the different phases of the menstrual cycle, iv) use statistical models capable to deal with confounding factors. Finally, if the previous suggestions could not be met, and the intervention might be sensitive to hormones variations, including females using pills with continuous hormonal dosing can still be proposed.

Why does it matter? Most studies in sport and exercise sciences do not equally include women and men in trials: females are significantly underrepresented. When analyzing studied participants, 66% were male and 34% were female. This indulges sex bias and reinforces the sex data gap in research studies. Yet, most studies reporting on males only (99.4%) were not evaluating a sex-specific health topics and could have also involved female participants.

The sex knowledge gap may have negative consequences for the health of women athletes in addition to limiting female performance optimization. Physiological sexdifferences exist, but extrapolating findings based on "male only" research is no longer appropriate. When it is difficult to include female athletes, the authors should explain why, and indicate that their results may not be easy to extrapolate to women. Some important sex-differences in sports have been highlighted: female athletes sustain higher rates of concussion, have greater time loss after concussion than male and are more likely to tear anterior cruciate ligaments. They demonstrate lower fatigue following endurance running exercise, showing different recovery parameters.

Women's sport is currently in full expansion and female athletes are eager for performance as well. We acknowledge the supplementary effort needed when designing sport studies considering both men and women individualities. However, if we accept fluctuations among men, we must now also include female athletes with their own variabilities, whether or not coming from menstrual cycles.
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