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A large body of research has shown that physical activity has a positive effect on physical and mental
health [1, 2]. In particular, regular aerobic and resistance training is associated with a reduced risk of
cardiovascular morbidity, cancer, neuro-degenerative diseases and mortality. Updated World Health
Organization (WHO) recommendations for 2020 emphasize that adults should engage in at least
between 150 and 300 min/week of moderate-intensity aerobic activity or at least between 75 and 150
min/week of vigorous-intensity aerobic activity, or an equivalent combination. In addition, adults aged
65 years and over should engage in complementary muscle-strengthening and body-balancing
activities on two or more days a week. The four domains of physical activity are work, active transport,
household and leisure. Sport, a type of leisure-time physical activity, has been shown to improve
cardiorespiratory fitness, physical function and mental health in people aged 60 and over in a recent
meta-analysis of randomised controlled trials (RCTs) [3].

However, the WHO does not clearly recommend upper limits for the intensity and amount of
physical activity. However, the health effects of exercise volumes beyond the "optimal dose" are
currently under debate. Of course, some cases of sudden death have been reported in athletes under
40 years of age, usually due to a prevalent heart defect, but also in athletes over 40 years of age, mainly
due to acquired atherosclerotic coronary disease. However, it was not directly related to the intensity
and amount of physical activity, although there is limited evidence that some cardiac biomarkers or
coronary atherosclerosis is altered under certain sporting conditions. On the other side, the
controversial "extreme exercise hypothesis", based on limited epidemiological or experimental
studies, suggests an increased risk of cardiovascular disease at the highest exercise volumes, but no
well-conducted epidemiological studies have confirmed this hypothesis [4]. Anyway, excessive
exercise can indeed have potentially harmful effects on both physical and mental health. Regarding
mental health, a meta-review has suggested that excessive exercise may constitute a behavioural
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addiction, based on the criteria of the DSM-5, the standard classification of mental disorders used by
mental health professionals [5].

With regard to the musculoskeletal system, data on how much sport is too much is limited,
especially in adults. However, the following points may be of some interest in understanding whether
too much sport can really be too much for the musculoskeletal system:

— Some meta-analyses have assessed the adverse effects observed in randomised controlled trials
evaluating the effects of physical activity programmes in older people. Amongst them, one from 93
RCTS highlighted that longterm exercise training (> 1 year) did not influence the risk of dropout due
to health problems overall [6]. A recent systematic review showed that serious adverse events were
not common in resistance training trials, but the authors also noted that adverse events were not
consistently monitored or reported [7]. In addition, a relevant paper has shown that there are sources
of bias and heterogeneity in the reporting of adverse events in resistance training trials, which may
be the reason why adverse events are not consistently monitored or reported [8]. Anyway, as noted
in a study performed in an emergency department, whilst injuries such as fractures can happen
during exercise, they can also happen during daily activities [9].

—There is growing evidence that poor load management (i.e. volume, intensity) is a major risk of injury
in athletes, as well documented by the International Olympic Committee [10]. However, data in a
more global population are more limited. However, an interesting study combining three cohorts
showed that physical activity, ranging from sedentary to elite athlete levels, was nonlinearly
associated with fracture risk, and the association differed by fracture site [11]. In particular, at an
average level of physical activity equivalent to 20—40 min of walking or cycling per day or 2—-3 h of
exercise per week, exercise may be beneficial in preventing hip fractures, but may increase the risk
of distal forearm fractures. However, for forearm fractures, the hypothesis is an increase in the
number of injuries rather than a direct effect on bone quality. Another German study showed that
3.1% of adults reported sports injuries in the previous year and that time spent exercising was an
independent determinant of injury [12]. The data on specific diseases is also reported in the
literature. In the musculoskeletal area, osteoarthritis is the most studied condition. All meta-analyses
clearly show that recreational running reduces the incidence of osteoarthritis compared to non-
active individuals, but some meta-analyses also suggest that competitive runners may also
experience an increased risk, suggesting a U-shaped relationship [13]. However, it is important to
note that not all radiographic signs of osteoarthritis lead to symptomatic disease. With regard to
quadriceps muscle strain, a systematic review has shown that it is associated with the level of
competition and the duration of the match [14]. On the other side, Achilles tendon overuse injury
was not associated with the distance of running per week, according to a systematic review published
in 2014 but numerous other risk factors have been noted [15]. In another systematic review of 2017,
calf muscle strain was not associated with the level of competition [16]. For lower limb bone stress
injuries, it has been associated with mileage, number of training cycles, inadequate recovery period,
high impact loading, training with fatigued muscles and running pace [17, 18]. In the field of bone
disease (and associated stress fractures), the concept of load tolerance is important. Indeed, as nicely
reviewed by Hart et al., the anabolic stimulus required to strengthen bone in the long-term
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temporarily creates structural vulnerability through acute musculoskeletal fatigue in the short term,
implying muscle fatigue as a covariate of bone fatigue [19]. However, the principles of bone fatigue,
bone micro-damage or muscle fatigue highlight the importance of the gradual increase in physical
activity and of incorporating rest periods into sport programmes.

—The “weekend warrior” behaviour, i.e. a person who only exercises at the weekend, is of interest. It
was shown, in a recent meta-analysis, that weekend warrior and regular active physical activity
patterns confer similar benefits in term of cardiovascular health and mortality [20]. In theory,
however, the combination of high-intensity physical activity and relative deconditioning may
predispose these weekend warriors to a variety of sports injuries. However, good-quality evidence is
scarce. A Canadian retrospective study using a medical centre registry of severely injured adults
showed that significantly more subjects were injured over the weekend than during the week,
leading the authors to conclude that “the weekend warrior concept may be a validated entity for
major trauma” [21]. However, to our knowledge, no well-conducted epidemiological studies are
available regarding the incidence of minor musculoskeletal disorders.

—Itis well known that patients with anorexia nervosa, a disorder characterized by severe fear of weight
gain, food restriction and pathologically low body weight, will experience a decreased bone mineral
density and an increased risk of fractures [22]. Interestingly, excessive exercise is a common feature
of anorexia nervosa. In female athletes, a reduced rate of bone formation in adolescence, often as a
result of eating disorders, hormone deficiency and/or excessive exercise, can be particularly
challenging as it predisposes to stress-related bone injury and increases the risk of osteoporosis and
fractures with age [23]. A systematic review of four studies showed that both female athletes and
non-athletes are prone to low energy availability and subsequent menstrual dysfunction and low
bone mineral density or osteoporosis, the famous but unrecognised “female athlete triad”, defined
as the combination of disordered eating, amenorrhoea and osteoporosis [24]. In connexion with this
but in a more global way, a concept that is being used more and more in the scientific literature is
the principle of nonfunctional overtraining leading to the overtraining syndrome, a long-term
reduction in performance capacity observed over a period of several months [25]. Also, in recent
years, there has been more discussion of relative energy deficiency in sport (RED-S), a complex
syndrome caused by low energy availability that leads to impaired physiological function and
negatively affects aspects of health and performance [26].

At present, there is a lack of good data to suggest a limit to the amount or intensity of exercise that
may be harmful to health. It is clear that the WHO recommendations can be seen as a minimum level
of activity. However, it should also be noted that certain sports activities may increase the risk of injury,
especially during the activity. Data on the long-term effects of too much sport are very limited. Finally,
as overuse muscle strain is the most common complaint amongst previously sedentary older adults
following exercise intervention, new patients who are ready to start exercise should be educated about
what to expect and what types of pain or soreness are normal [27, 28].
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