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Abstract: Sport participation and exercise practice are considered to be beneficial for mental status,
yielding an improved mood and better quality of life. On the other hand, good mental fitness
is thought to lead to better physical status and sport performance. The key aim of this narrative
review is to provide an unstructured overview on the topic with special considerations on the role
of mental and physical health to summarize the evidence on their reciprocal influence. While very
few papers describe the role of mental health measures in affecting physical performance, more
evidence is available concerning the effect of exercise and sport in improving mental health outcomes.
Furthermore, there is a consistent role of depressive and anxiety symptoms in influencing the risk of
sport injury in either recreational or elite athletes. Moreover, the importance of investigating mental
health issues in elite and retired athletes is highlighted. On the basis of the available literature, several
biases were found to affect the provided evidence mainly because of the complexity of a proper study
design in this field.

Keywords: mental health; sports participation; injury; depression; anxiety

1. Introduction

A key relationship between mental and physical health has been hypothesized and
observed since ancient times with the Latin motto “mens sana in corpore sano” (healthy
mind in a healthy body). The scientific literature provides several proofs of concept
about this hypothesis, with many studies assessing the role of mental health on physical
performance, and the role of physical fitness on mental performance and health [1,2].
Improving physical fitness constitutes a strategy to address the impact of an unhealthy
lifestyle on mental health [3], with a specific impact on adolescents and young adults.
The prevention of mental disturbances during this critical life period is based on the
promotion of recreational and competitive sport participation. Indeed, involvement in
sport activity is effective in reducing stress, depressive symptoms, general and social
anxiety, and loneliness [4–7]. Similarly, for women, physical exercise may be effective
in improving adverse physical, mental, and psychological changes experienced during
the perimenopausal period [1]. Adolescents and perimenopausal women represent two
examples of specific populations that are different in several biological and anthropological
aspects for which physical activity provides a clear benefit. However, the drawbacks of
excessive training or competitive sport activity on mental health increasing the risks of
injury [8] and sport dropout [7] were reported. There is a clear distinction between sport
participation and physical exercise. In some papers concerning measures of overall mental
status [7] in adolescents, physical activity was defined as participation in recreational
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or competitive sport. In other studies investigating depressive symptoms and general
wellbeing [9,10], cardiopulmonary fitness was used as a measure of physical fitness.

Thus, the non-standardized study design among the different papers led to difficulties
in the interpretation of key results when comparing the evidence. In addition, several
papers assessing the role of physical fitness on mental health were based on a correlational
study design [11,12] often using univariate or small multivariate models, showing a direct
association of physical activity or fitness indicators, and a plethora of psychological features
and measures. However, correlational studies, rather than the causal effect of one or more
variables on another, demonstrate the interdependency of several aspects concerning
physical and psychological outcome measures. Thus, the hypothesis of a multidirectional
influence of activity, exercise, sport participation, and mental health [13] seems to be more
appropriate in the context of multidisciplinary medicine, where all aspects of people’s
lifestyle contribute to the definition of their wellbeing and health.

Given the complex relationship of physical and psychological health, and the broad
literature on the topic, the main aim of the present narrative review is to provide an
unstructured overview of several papers available in the literature, compiling them into
four major categories: (1) assessing the effect of mental health on metrics of physical
performance; (2) assessing the effect of physical activity on metrics of mental health; and
(3) assessing the effect of mental health indicators on the risk of injury during physical
activities; (4) describing principal mental health issues in elite and retired athletes.

2. Materials and Methods

The topic of interest of the narrative review was the effect of sport and exercise
participation on measures of mental fitness, and the effect of mental fitness on physical or
sport performance metrics. Papers concerning the topic of interest were searched through
the PubMed-Medline, Google Scholar, and Scopus online databases. Search queries were
a combination of the following keywords: “mental fitness”, “mental health”, “sport”,
“exercise”, “sport participation”, “physical fitness”.

All studies had to be longitudinal or cross-sectional clinical studies, including prospec-
tive and retrospective cohort studies and case series, and randomized trials. Furthermore,
surveys and qualitative research papers (including reviews of the literature, guidelines,
and consensus statements) were considered for inclusion if the results matched the aims of
the review. We excluded case reports, duplicate outcomes of the same cohorts, children
cohorts, and animal and laboratory studies. The publication date was not a restriction
criterion for considering a paper in the review.

The papers were first screened by title and abstract to identify potentially relevant
studies for the aim of the review. The full text of papers of potential interest was retrieved
and fully read by two independent reviewers (G.T. and C.F.). If both reviewers agreed on
the relevance of the manuscript, it was included for review. If disagreement could not be
resolved through discussion, a third reviewer (S.V., A.G., or F.Q.) was asked to report on
the manuscript inclusion.

Mental fitness was considered as a status of absence of symptoms related to psycho-
logical disturbances. Studies were considered for inclusion if results concerned outcomes
of anxiety, depression, and mood and eating disturbances. Furthermore, the incidence
or prevalence of symptomatic episodes for mental disturbances was considered of inter-
est. Physical fitness was considered as active and regular participation in collective or
individual sport or exercise activities, and performance in exercise and motor tasks. Physi-
cal or sport performance measures were considered if these dealt with sport or exercise
participation, sport-related injuries, and measures of motor activity (see Table 1 for details).

Results of included studies were analyzed, and all manuscripts were divided according
to the aims of the review: (1) studies concerning the effect of mental health on metrics of
physical performance; (2) studies concerning the effect of physical exercise on mental health
metrics; (3) studies concerning the role of mental health on the risk of injury. Furthermore,
given the specific population, studies considering elite athletes cohorts or retired elite
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athletes were grouped together. A summary of the results of the included papers was
provided, accordingly with the aforementioned categories.

Table 1. Details of outcome measures in studies considered for review.

Mental Fitness Outcome Measures Physical Fitness Outcome Measures

Overall or lifetime prevalence of mental
health problems (depressive, eating, anxiety

disorders, behavioral disturbances)
Participation in team or individual sport practice

Mental fatigue incidence or prevalence Participation in training and exercise programs

General mental status questionnaires
(MHC-SF, HSCL, GWB) Sport-related injury (including concussion)

Depressive symptoms (CES-D, RSES) Physical-task-based measures (time to
exhaustion, time to complete)

Anxiety symptoms (HADS, STAI) Cardiorespiratory performance

Neuropsychiatric symptoms (NPI) Balance (Bergs Balance Scale)
CES-D: Center for Epidemiologic Studies Depression Scale, RSES: Rosenberg Self-Esteem Scale, MHC-SF: Mental
Health Continuum-Short Form, HSCL: Hopkins Symptom Check List. GWB: General Wellbeing Schedule, HADS:
Hospital Depression and Anxiety Scale, STAI: State-Trait Anxiety Inventory. NPI: Neuro-Psychiatric Inventory.

3. Results

After the selection of retrieved studies, a total of 55 papers were included and analyzed
to investigate relevant information concerning the assessment of (1) the effect of mental
health on metrics of physical performance; (2) the effect of physical activity on metrics of
mental health; and (3) the effect of mental health indicators on the risk of injury during
physical activities. As elite athletes represent a very specific group of patients, results of
papers dealing with these populations were separately reported.

3.1. Effect of Mental Health on Physical Performance Metrics

Concerning studies investigating the effects of psychological factors on sport perfor-
mance, most focused on mindfulness-based intervention to improve sport performance
and decrease injury rate [14–16]. The overall prevalence of mental disorders in sport
populations was assessed in a survey-based study [15] that was performed on a cohort of
333 athletes, of which 22.8% were team athletes and 77.2% were individual athletes practic-
ing 13 different sports (athletics, cross-country skiing, handball, canoe, orienteering, alpine
skiing, gymnastics, basketball, equestrian, power lifting, swimming, golf, and sailing). This
study found a general prevalence of mental health problems of 11.7% (females: 13.8%,
males: 8.8%; p = 0.22), whereas the lifetime prevalence was 51.7% (females: 58.2%, males:
42.3%; p = 0.006). The onset of the first episode of mental symptoms peaked at age 19 with
50% of all onsets occurring at ages 17–21. Depressive disorders, eating disorders, trauma
occurrence, and stress-related disorders were reported to be the most frequent. However,
ADHD symptoms were also present in 5.4% (females: 5.1%, males: 5.8%; p = 0.96) of the
athletes [15].

Mental fatigue is a psychobiological state caused by prolonged periods of demanding
cognitive activity, and is characterized by a combination of specific subjective, behavioral,
and physiological factors. A recent systematic review observed the effect of mental fatigue
on physical performance leading to the conclusion that the duration and intensity of a
physical task are fundamental in determining the decrease in physical performance due
to mental fatigue [16]. Moreover, the most cognitively demanding sport and exercise
tasks were the most mentally fatiguing when prolonged over time [17–19]. Furthermore,
the endurance of moderately trained subjects was found to be reduced according to the
reported mental fatigue. This effect reached a decrease of up to 15% in time to exhaustion
for a fixed resistance cycling task [20], and a 2% to 5% increase in the completion time of a
running task [18,21].
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3.2. Effect of Physical Activity on Mental Health Metrics

Several studies investigated the effect that sport participation has on the development
of a healthy mental status in adolescents [4,7,10,22–25]. In a longitudinal correlational
study [7], the most relevant finding was the direct positive correlation between involvement
in sport activities during childhood and mental fitness during adolescence. Stronger associ-
ation was found for a minimum of 4 years of recreational sport participation (beta = 10.9;
95% confidence interval (CI): 2.60, 17.98) or for competitive sport involvement (beta = 19.48,
95% CI: 9.50, 29.46) with better mental health in late adolescence, measured through the
Mental Health Continuum-Short Form (MHC-SF) [7]. A recent study on adolescents with
a mean age of 12.5 years showed similar results, measuring motor competence through
the PE Metrics™ (SHAPE America, Reston, Virginia, USA) and depressive symptoms
through the Center for Epidemiologic Studies Depression Scale (CES-D). Correlation analy-
sis showed an inverse association between cardiorespiratory fitness and depression score
(beta = −0.24, p < 0.01) after correction for socioeconomic status [9]. Another study [22]
among adolescents of the Nord-Trøndelag Health Study population measured psychologi-
cal distress by assessing the Hopkins Symptom Check List Five items and self-esteem using
a short version of the Rosenberg Self-Esteem Scale. According to the results, a high level of
PA (more than 4 days per week) protected from psychological distress when compared to
low level of PA (odds ratio 0.63, 95% CI: 0.46, 0.86 in females; OR 0.46, 95% CI: 0.27, 0.79 in
males). A higher self-esteem score was significantly associated with team sport participa-
tion in females (OR 0.45, 95% CI 0.32, 0.64), and individual sport participation in males (OR
0.37, 95% CI 0.18 to 0.76) [22]. A paper by Jewett et al. [4] showed that sport participation
during high school influences the mental status in adulthood. A significant association was
reported between sport involvement during adolescence and lower depressive symptoms
(F = 19.87, p < 0.001), lower perceived stress (F = 14.74, p < 0.001), and higher self-rated
mental health (F = 14.65, p < 0.001) in early adulthood [4]. Stratification by activity level
can predict health-related quality-of-life measures (Veterans RAND 12 Item Health Survey,
VR-12) in collegiate athletes. The Mental Component Score of the VR-12 was positively
associated with sport participation in general and activity level (p < 0.001) [23].

Within the adult participants of the Aerobics Center Longitudinal Study (ACLS), an
ongoing NIH-funded study, an interim study on the collected data showed that depressive
symptoms (CES-D) and emotional wellbeing (General Wellbeing Schedule; GWB) were sig-
nificantly associated with maximal cardiorespiratory (CR) performance. In detail, inverse
association was reported between CR performance and CES-D score in men and women
(F = 28.45 and F = 13.27, respectively; p < 0.0001); similarly, strong positive association was
found between CR fitness and GWB score in both men and women (F = 97.09 and F = 28.41,
respectively; p < 0.0001). Moreover, physical activity level was positively correlated with an
increase in GWB score (F = 78.7 in men and F = 24.82 in women; for both, p < 0.0001) [10]. In
a cross-sectional correlational study [24] further evaluating CR fitness, the measurement of
the Connor–Davidson Resilience Scale (CD-RISC) was used as a mediator in multivariable
analysis, where positive correlation between CR and Short Form 12 quality of life was
significant (p = 0.004). In this multivariable model, the mediation of resilience accounted
for the 33.8% of the total correlational effect (p = 0.018) [24]. The effect of an 8-week pro-
gram of physical activity (3 to 5 days per week, including football, boxing, and endurance
training) was investigated on a population of refugees with symptoms of post-traumatic
stress disorder. Participation to the program was inversely associated with self-reported
anxiety symptoms (beta = –0.27, p < 0.05), and directly associated to self-perceived fitness
(beta = 0.32, p < 0.01) and Health-Related Quality of Life outcome measure (beta = 0.32,
p < 0.05) [25].

The effect of physical exercise on neuropsychiatric symptoms (BPSD) of dementia pa-
tients has also been investigated by several studies. A randomized trial on subjects affected
by dementia compared the effect of a 12-week program of intense strengthening and bal-
ance exercises. Comparison with normal leisure activities showed higher improvement in
the Bergs Balance Scale (2.9 vs. 1.2 points, p = 0.02); similarly, apathic symptoms were lower
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in those trained than those in the controls (p = 0.048) [26]. In addition to cognitive decline,
BPSD very often occur in patients suffering from dementia with a prevalence ranging from
10% to 73% [27]. They are frequently very difficult to manage by pharmacological therapy,
and extremely distressing for patients, and their families and caregivers. Several inter-
vention studies investigating nonpharmacological therapeutic strategies for BPSD have
focused on physical exercise. Although these studies are very heterogeneous in terms of
the type and severity of dementia, and type and duration of the exercise intervention, they
globally highlight a positive effect of physical exercise on BPSD [28–31]. Stella et al. [28]
evidenced that a combination of aerobic and functional balance exercises 3 times a week for
6 months was able to reduce BPSD (agitation or aggression, depression, anxiety, apathy or
indifference, irritability, and appetite alterations) as assessed by the Neuropsychiatric Inven-
tory (NPI) in Alzheimer’s disease patients. Landi et al. [29] similarly reported the results of
a pilot longitudinal study in which a moderate-intensity exercise program (combination of
aerobic or endurance activities, strength training, balance, and flexibility training) reduced
BPSD (wandering, physical and verbal abuse, and sleep disturbances) in frail nursing-home
elderly patients with dementia. Neville et al. [30] showed that dementia-specific aquatic
exercises designed by an exercise physiologist for strength, agility, flexibility, balance, and
relaxation (twice a week for 12 weeks) in nursing-home residents with dementia reduced
the number of BPSD as identified by the Revised Memory and Behavior Problems Checklist
(RMBPC). An intervention study by Sampaio et al. [31] on 64 institutionalized older adults
with dementia (38 patients in a 6-month supervised multicomponent exercise intervention
group and 26 controls) showed a significant decrease in total BPSD score measured by NPI
in the exercise group after 6 months of exercise. The performed intervention followed the
recommendations of the American College of Sports Medicine, and consisted in aerobic,
muscle-strengthening, flexibility, balance, and postural exercises with 2 sessions per week
lasting 45–55 min [31]. Christofoletti et al. performed an observational study on 59 patients
with dementia (AD, vascular, or mixed dementia), dividing them in three groups according
to levels of physical activity that had been assessed by Modified Baecke Questionnaire
for the Elderly (MBQE), data from a diary, pedometer, and an interview to caregivers and
family members. BPSD were assessed by NPI. Results showed that patients with AD or
vascular dementia who engaged in physical activity had fewer neuropsychiatric symptoms
than those who did not [32].

A review by Thuné-Boyle et al. analyzed the scientific literature reporting the findings
of the efficacy of physical activity on BPSD, showing that exercise could be beneficial in
reducing some BPSD, especially depressed mood, agitation, and wandering, and may
improve night-time sleep [33].

On the other hand, a systematic review by Forbes et al. found no clear evidence of the
positive effects of exercise intervention on BPSD [34].

Besides the controversy, all studies agree that further work is needed to comprehend the
potential of exercise as nonpharmacological therapy to manage BPSD in dementia patients.

There is some evidence in the scientific literature about the effect of physical exercise
in psychiatric patients. Some observational studies evidenced that regular aerobic exercise
is able to reduce the risk of developing major depressive disorders [35,36]. In patients
with depression, performing regular exercise was able to reduce the frequency of hospi-
talization [36]. Moreover, patients with depression benefit through aerobic exercise on
pharmacological therapy both in terms of speed of initial therapeutic response [37] and re-
mission rates [38]. Differently from data obtained from aerobic training, trials highlighting
the beneficial role of resistance training are few [39,40].

Physical activity is a protective factor against incident psychosis in the general popu-
lation [41] and young people at high risk for psychosis [42]. Moreover, exercise represents
a promising new treatment option, in addition to drugs and psychosocial interventions,
for psychosis. There is some evidence supporting that exercise interventions (yoga and
light stretching, moderately intense walking, bike riding, or team sports) may be beneficial
for improving both positive and negative symptomatology, cognition, and quality of life
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in schizophrenia [43]. Recent studies suggest that exercise may also be useful in reducing
antipsychotic medication side effects such as weight gain, and this action may help in
improving compliance to pharmacological therapy for psychosis [44,45].

Some papers have discussed the relationship between sports injuries and mental
health outcomes. A population study assessed the Youth Risk Behavior Surveillance
Survey (YRBSS) among 5336 high school students. Of these, 3427 students were physically
active, and 19.5% of these active subjects reported a concussion during the past 12 months.
After controlling for confounding factors, students who had had a concussion had higher
odds of self-harm (OR = 1.59, p = 0.003), depressive symptoms (aOR = 1.48, p = 0.006),
attempted suicide (aOR = 3.10, p < 0.001), and injury from attempted suicide (aOR = 2.61,
p = 0.006) [46]. Similar results were obtained in a study on retired football players, showing
that a 9-year estimated risk of depression proportionally increased with the number of
self-reported concussions (3% in those with no concussion episodes, 26.8% in those with 10
or more episodes (linear trend: p < 0.001) [47].

Anxiety spectrum symptoms were investigated through the Hospital Depression and
Anxiety Scale (HADS) in retired rugby players who had reported concussion episodes.
Results showed no significant difference in HADS and cognitive tests between concussed
players and healthy controls, although concussion symptoms assessed through the River-
mead Post-Concussion Symptoms Questionnaire were significantly more persistent in
those athletes reporting more than 9 episodes [48].

Recent systematic reviews on the mental outcomes in elite athletes who had suf-
fered from concussion concluded that much evidence supports the effect of concussion in
developing depressive symptoms, especially after retirement [49].

Conversely, there is insufficient evidence to suggest a positive relationship between
concussion history and other long-term mental health outcomes such as anxiety, hostility,
irritability, and aggression.

There is a dearth of studies that evaluate the relationship between subconcussive
impact and mental-health measures, potentially due to the difficulty in quantifying these
events [50].

3.3. Role of Mental Health in Injury during Sport Participation

Mental fitness can be considered as a prerequisite for healthy participation in sport,
preventing from the possibility of overtraining, sport violence, and injuries. The mental
conditions of an athlete approaching the sport season can be fundamental for a good
performance and for avoiding injuries. In a report from 958 NCAA Division I athletes [51],
depressive and anxiety symptoms were investigated before each season from 2007 and
2011. The 28.8% of the cohort reported anxiety symptoms (State-Trait Anxiety Inventory,
STAI), and 21.7% reported depressive symptoms (CES-D). Those athletes reporting anxiety
symptoms had a higher risk of injury (Relative Risk 2.3, 95% CI: 2–2.6, p < 0.001), while
no increased risk was observed for those reporting depressive symptoms (RR 1.1, 95%CI:
0.9–1.3). Another report on elite athletes investigated the role for subjective wellbeing in
the risk of injury during the season [52]. The Oslo Sports Trauma Research Centre (OSTRC)
Overuse Injury Questionnaire was used for either monitoring injuries or assessing the
wellbeing of the athlete. Males reported a significantly higher wellbeing score compared
to females (p = 0.027), and females reported a significantly higher prevalence of injuries
and severe injuries (p < 0.001 for both), and a higher severity score (p < 0.001). Correlation
analysis showed also a negative association between wellbeing score and severity score
(r = −0.32, p < 0.001), with a mixed model suggesting the influence of sex (p = 0.019) and
severity score (p < 0.001) on wellbeing. Furthermore, mixed models showed that wellbeing
score measured at the week before injury predicted injury (logistic mixed, p = 0.036) and
injury severity (linear mixed, p = 0.010) [52].
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3.4. Mental Health in Elite Athletes and Retired Elite Athletes

Professional athletes are far more subject to psychosocial pressure and performance
goals than recreational practitioners are. For this specific population, the literature provides
insights concerning the high number of stressors and their categories that an elite athlete
must face [13,53], highlighting the different stress sources that are not limited to the
challenge of specific performance, but also to public contexts, transfers, contracts, and
team and press meetings [54]. Furthermore, the influence of those stressors may not end
at retirement, but could also follow the athlete after the end of a brilliant career [55]. The
eventuality of early career termination, such as an injury event, even more dramatically
impacts the psychology of the subject [55]. For these reasons, within the key findings of the
American Medical Society for Sports Medicine (AMSSM) Position Statement of 2019, the
creation of a preretirement plan for older athletes by the sport authority and team direction
is encouraged with grade A evidence [56]. A specific clinical entity defining the physical
and psychological overload of elite athletes is overtraining syndrome (OTS), where the
subjects must face multiple stressors, maintaining perfect performance [57]. Burnout affects
10% of elite athletes as a direct outcome of OTS [58]. The AMSSM Statement suggests
a personalized treatment of OTS for individual athletes on the basis of multiple factors
influencing their lifestyle [56]. Considering the attention that professional athletes pay
to their physical shape, the incidence of eating disorders is high, especially in males, if
compared to general population [59], with 11% of young elite athletes with disordered
eating, and 19% of them on dietary treatment. For female athletes, a specific syndrome
is often reported as the Female Athlete Triad, which is the combination of low energy
availability, menstrual dysfunction, and impaired bone mineral density [60]. The three inter-
related conditions are caused by the hard training and consequent hormonal imbalance
that females face when involved in high-performance sports. An eating disorder can be
part of the syndrome, being responsible of low energy availability, but does not necessarily
meet the criteria for diagnosing anorexia or bulimia [60]. However, several eating disorder
behaviors can be retrieved.

4. Discussion

The literature presents a wide variety of studies investigating the close relationship
of mental health and sport performance, providing several insights on the topic. Regret-
tably, the direct cause–effect mechanisms are difficult to understand. The effect of mental
health metrics on physical performance has been evaluated more in a qualitative envi-
ronment, with no inferential insights about how much an impaired mental state could
harm physical fitness. Conversely, several quantitative outcomes are provided in studies
concerning involvement in sport activity and the consequent benefits on psychological
measures [7,22]. However, correlation models are affected by several biases. First, the
lack of large samples and correlation model power analyses prevents from understanding
the consistency of results. Furthermore, the only multivariable model was presented by
Pozuelo-Carrascosa et al. [24], with most of the papers showing results of univariate or
multiple univariate analyses. Another consistent bias is represented by the lack of consid-
ering the lag effect in evaluating correlations, as the effects of physical activity on mental
health measures could be observed after some time and over time. Only one paper by
Von Rosen and Heijne considered this factor [52], assessing whether subjective wellbeing
in a given week was potentially correlated with the risk of injury in the following week.
Moreover, given the large variety of outcome measures in psychological assessment and
the heterogeneity of study designs, meta-analysis of outcome data for the available papers’
results was not possible.

From an overall perspective, the literature confirmed with large amounts of evidence
that a close and multifaceted relationship exists between mental health and physical
performance. To systematically review the available evidence, it is advisable to strongly
select the type of population and intervention, with a focus on one or a few specific
characteristics of patients, paying attention to the difference among definitions of physical
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activity. Available scientific results are helpful in designing further studies to investigate
the role of the specific psychological aspects in athletes and their effects on sport activities,
physical performance, and the risk of injury.

5. Conclusions

Available scientific results are helpful in designing further studies to investigate the
role of specific psychological aspects in athletes and their effects on sport activities, physical
performance, and the risk of injury.

Moreover, regarding competitive and noncompetitive athletes, awareness of these
sensitive issues may increasingly form part of the training of support personnel in order
to guarantee the best physical and mental care to optimize athletic performance while
protecting health.

Author Contributions: Conceptualization, C.F. and G.T.; methodology, G.T. and A.G.; investigation,
G.T. and S.V.; writing—original draft preparation, G.T. and C.F.; writing—review and editing, C.F.,
F.Q. and R.P.; supervision, R.P. and F.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Aparicio, V.A.; Marín-Jiménez, N.; Coll-Risco, I.; de la Flor-Alemany, M.; Baena-García, L.; Acosta-Manzano, P.; Aranda, P. Doctor,

Ask Your Perimenopausal Patient about Her Physical Fitness; Association of Self-Reported Physical Fitness with Cardiometabolic
and Mental Health in Perimenopausal Women: The FLAMENCO Project. Menopause 2019. published ahead of print. [CrossRef]
[PubMed]

2. Fossati, C.; Torre, G.; Borrione, P.; Giombini, A.; Fagnani, F.; Turchetta, M.; Albo, E.; Casasco, M.; Parisi, A.; Pigozzi, F. Biohumoral
Indicators Influenced by Physical Activity in the Elderly. JCM 2020, 9, 1115. [CrossRef] [PubMed]

3. Alam, N.; Rufo, N. Fitness as a Component of Mental Health Intervention. Health Soc. Work 2019, 44, 129–132. [CrossRef]
[PubMed]

4. Jewett, R.; Sabiston, C.M.; Brunet, J.; O’Loughlin, E.K.; Scarapicchia, T.; O’Loughlin, J. School Sport Participation During
Adolescence and Mental Health in Early Adulthood. J. Adolesc. Health 2014, 55, 640–644. [CrossRef]

5. Sabiston, C.M.; Jewett, R.; Ashdown-Franks, G.; Belanger, M.; Brunet, J.; O’Loughlin, E.; O’Loughlin, J. Number of Years of Team
and Individual Sport Participation During Adolescence and Depressive Symptoms in Early Adulthood. J. Sport Exerc. Psychol.
2016, 38, 105–110. [CrossRef]

6. Ashdown-Franks, G.; Sabiston, C.M.; Solomon-Krakus, S.; O’Loughlin, J.L. Sport Participation in High School and Anxiety
Symptoms in Young Adulthood. Ment. Health Phys. Act. 2017, 12, 19–24. [CrossRef]

7. Doré, I.; Sabiston, C.M.; Sylvestre, M.-P.; Brunet, J.; O’Loughlin, J.; Nader, P.A.; Gallant, F.; Bélanger, M. Years Participating
in Sports During Childhood Predicts Mental Health in Adolescence: A 5-Year Longitudinal Study. J. Adolesc. Health 2019, 64,
790–796. [CrossRef]

8. Myer, G.D.; Jayanthi, N.; Difiori, J.P.; Faigenbaum, A.D.; Kiefer, A.W.; Logerstedt, D.; Micheli, L.J. Sport Specialization, Part I:
Does Early Sports Specialization Increase Negative Outcomes and Reduce the Opportunity for Success in Young Athletes? Sports
Health 2015, 7, 437–442. [CrossRef]

9. Gu, X.; Zhang, T.; Chu, T.L.A.; Keller, M.J.; Zhang, X. The Direct and Indirect Effects of Motor Competence on Adolescents’
Mental Health through Health-Related Physical Fitness. J. Sports Sci. 2019, 37, 1927–1933. [CrossRef]

10. Galper, D.I.; Trivedi, M.H.; Barlow, C.E.; Dunn, A.L.; Kampert, J.B. Inverse Association between Physical Inactivity and Mental
Health in Men and Women. Med. Sci. Sports Exerc. 2006, 38, 173–178. [CrossRef]

11. Åvitsland, A.; Leibinger, E.; Haugen, T.; Lerum, Ø.; Solberg, R.B.; Kolle, E.; Dyrstad, S.M. The Association between Physical
Fitness and Mental Health in Norwegian Adolescents. BMC Public Health 2020, 20, 776. [CrossRef]

12. Bou-Sospedra, C.; Adelantado-Renau, M.; Beltran-Valls, M.R.; Moliner-Urdiales, D. Association between Health-Related Physical
Fitness and Self-Rated Risk of Depression in Adolescents: Dados Study. IJERPH 2020, 17, 4316. [CrossRef]

13. MacIntyre, T.E.; Jones, M.; Brewer, B.W.; Van Raalte, J.; O’Shea, D.; McCarthy, P.J. Editorial: Mental Health Challenges in Elite
Sport: Balancing Risk with Reward. Front. Psychol. 2017, 8, 1892. [CrossRef]

14. Petterson, H.; Olson, B.L. Effects of Mindfulness-Based Interventions in High School and College Athletes for Reducing Stress
and Injury, and Improving Quality of Life. J. Sport Rehabil. 2017, 26, 578–587. [CrossRef]

http://doi.org/10.1097/GME.0000000000001384
http://www.ncbi.nlm.nih.gov/pubmed/31513090
http://doi.org/10.3390/jcm9041115
http://www.ncbi.nlm.nih.gov/pubmed/32295038
http://doi.org/10.1093/hsw/hlz001
http://www.ncbi.nlm.nih.gov/pubmed/30767009
http://doi.org/10.1016/j.jadohealth.2014.04.018
http://doi.org/10.1123/jsep.2015-0175
http://doi.org/10.1016/j.mhpa.2016.12.001
http://doi.org/10.1016/j.jadohealth.2018.11.024
http://doi.org/10.1177/1941738115598747
http://doi.org/10.1080/02640414.2019.1605652
http://doi.org/10.1249/01.mss.0000180883.32116.28
http://doi.org/10.1186/s12889-020-08936-7
http://doi.org/10.3390/ijerph17124316
http://doi.org/10.3389/fpsyg.2017.01892
http://doi.org/10.1123/jsr.2016-0047


Int. J. Environ. Res. Public Health 2021, 18, 12364 9 of 10

15. Åkesdotter, C.; Kenttä, G.; Eloranta, S.; Franck, J. The Prevalence of Mental Health Problems in Elite Athletes. J. Sci. Med. Sport
2020, 23, 329–335. [CrossRef]

16. Van Cutsem, J.; Marcora, S.; De Pauw, K.; Bailey, S.; Meeusen, R.; Roelands, B. The Effects of Mental Fatigue on Physical
Performance: A Systematic Review. Sports Med. 2017, 47, 1569–1588. [CrossRef]

17. Budini, F.; Lowery, M.; Durbaba, R.; De Vito, G. Effect of Mental Fatigue on Induced Tremor in Human Knee Extensors. J.
Electromyogr. Kinesiol. 2014, 24, 412–418. [CrossRef]

18. Pageaux, B.; Lepers, R.; Dietz, K.C.; Marcora, S.M. Response Inhibition Impairs Subsequent Self-Paced Endurance Performance.
Eur. J. Appl. Physiol. 2014, 114, 1095–1105. [CrossRef]

19. Duncan, M.J.; Fowler, N.; George, O.; Joyce, S.; Hankey, J. Mental Fatigue Negatively Influences Manual Dexterity and Anticipation
Timing but Not Repeated High-Intensity Exercise Performance in Trained Adults. Res. Sports Med. 2015, 23, 1–13. [CrossRef]

20. Marcora, S.M.; Staiano, W.; Manning, V. Mental Fatigue Impairs Physical Performance in Humans. J. Appl. Physiol. 2009, 106,
857–864. [CrossRef]

21. MacMahon, C.; Schücker, L.; Hagemann, N.; Strauss, B. Cognitive Fatigue Effects on Physical Performance During Running. J.
Sport Exerc. Psychol. 2014, 36, 375–381. [CrossRef] [PubMed]

22. Guddal, M.H.; Stensland, S.Ø.; Småstuen, M.C.; Johnsen, M.B.; Zwart, J.-A.; Storheim, K. Physical Activity and Sport Participation
among Adolescents: Associations with Mental Health in Different Age Groups. Results from the Young-HUNT Study: A
Cross-Sectional Survey. BMJ Open 2019, 9, e028555. [CrossRef] [PubMed]

23. Snedden, T.R.; Scerpella, J.; Kliethermes, S.A.; Norman, R.S.; Blyholder, L.; Sanfilippo, J.; McGuine, T.A.; Heiderscheit, B. Sport
and Physical Activity Level Impacts Health-Related Quality of Life Among Collegiate Students. Am. J. Health Promot. 2019, 33,
675–682. [CrossRef] [PubMed]

24. Pozuelo-Carrascosa, D.P.; Martínez-Vizcaíno, V.; Sánchez-López, M.; Bartolomé-Gutiérrez, R.; Rodríguez-Martín, B.; Notario-
Pacheco, B. Resilience as a Mediator between Cardiorespiratory Fitness and Mental Health-Related Quality of Life: A Cross-
Sectional Study: Resilience, Fitness and Quality of Life. Nurs. Health Sci. 2017, 19, 316–321. [CrossRef]

25. Knappe, F.; Colledge, F.; Gerber, M. Impact of an 8-Week Exercise and Sport Intervention on Post-Traumatic Stress Disorder
Symptoms, Mental Health, and Physical Fitness among Male Refugees Living in a Greek Refugee Camp. IJERPH 2019, 16, 3904.
[CrossRef]

26. Telenius, E.W.; Engedal, K.; Bergland, A. Effect of a High-Intensity Exercise Program on Physical Function and Mental Health
in Nursing Home Residents with Dementia: An Assessor Blinded Randomized Controlled Trial. PLoS ONE 2015, 10, e0126102.
[CrossRef]

27. Alzheimer’s Association 2008 Alzheimer’s Disease Facts and Figures. Alzheimer’s Dement. 2008, 4, 110–133. [CrossRef]
28. Stella, F.; Canonici, A.P.; Gobbi, S.; Galduroz, R.F.S.; Cação, J. de C.; Gobbi, L.T.B. Attenuation of Neuropsychiatric Symptoms and

Caregiver Burden in Alzheimer’s Disease by Motor Intervention: A Controlled Trial. Clinics 2011, 66, 1353–1360. [CrossRef]
29. Landi, F.; Russo, A.; Bernabei, R. Physical activity and behavior in the elderly: A pilot study. Arch. Gerontol. Geriatr. 2004, 38,

235–241. [CrossRef]
30. Neville, C.; Henwood, T.; Beattie, E.; Fielding, E. Exploring the Effect of Aquatic Exercise on Behaviour and Psychological

Well-Being in People with Moderate to Severe Dementia: A Pilot Study of the Watermemories Swimming Club: Aquatic Exercise
and Dementia. Australas. J. Ageing 2014, 33, 124–127. [CrossRef]

31. Sampaio, A.; Marques-Aleixo, I.; Seabra, A.; Mota, J.; Carvalho, J. Physical Exercise for Individuals with Dementia: Potential
Benefits Perceived by Formal Caregivers. BMC Geriatr. 2021, 21, 6. [CrossRef]

32. Christofoletti, G.; Oliani, M.M.; Bucken-Gobbi, L.T.; Gobbi, S.; Beinotti, F.; Stella, F. Physical Activity Attenuates Neuropsychiatric
Disturbances and Caregiver Burden in Patients with Dementia. Clinics 2011, 66, 613–618. [CrossRef]

33. Thuné-Boyle, I.C.V.; Iliffe, S.; Cerga-Pashoja, A.; Lowery, D.; Warner, J. The Effect of Exercise on Behavioral and Psychological
Symptoms of Dementia: Towards a Research Agenda. Int. Psychogeriatr. 2012, 24, 1046–1057. [CrossRef]

34. Forbes, D.; Forbes, S.C.; Blake, C.M.; Thiessen, E.J.; Forbes, S. Exercise Programs for People with Dementia. Cochrane Database
Syst. Rev. 2015, 4. [CrossRef]

35. Dimeo, F. Benefits from Aerobic Exercise in Patients with Major Depression: A Pilot Study. Br. J. Sports Med. 2001, 35, 114–117.
[CrossRef]

36. Ströhle, A.; Höfler, M.; Pfister, H.; Müller, A.-G.; Hoyer, J.; Wittchen, H.-U.; Lieb, R. Physical Activity and Prevalence and
Incidence of Mental Disorders in Adolescents and Young Adults. Psychol. Med. 2007, 37, 1657–1666. [CrossRef]

37. Deslandes, A.C.; Moraes, H.; Alves, H.; Pompeu, F.A.M.S.; Silveira, H.; Mouta, R.; Arcoverde, C.; Ribeiro, P.; Cagy, M.; Piedade,
R.A.M.; et al. Effect of Aerobic Training on EEG Alpha Asymmetry and Depressive Symptoms in the Elderly: A 1-Year Follow-up
Study. Braz. J. Med. Biol Res. 2010, 43, 585–592. [CrossRef]

38. Trivedi, M.H.; Greer, T.L.; Church, T.S.; Carmody, T.J.; Grannemann, B.D.; Galper, D.I.; Dunn, A.L.; Earnest, C.P.; Sunderajan, P.;
Henley, S.S.; et al. Exercise as an Augmentation Treatment for Nonremitted Major Depressive Disorder: A Randomized, Parallel
Dose Comparison. J. Clin. Psychiatry 2011, 72, 677–684. [CrossRef]

39. Rethorst, C.D.; Trivedi, M.H. Evidence-Based Recommendations for the Prescription of Exercise for Major Depressive Disorder. J.
Psychiatr. Pract. 2013, 19, 204–212. [CrossRef]

40. Schuch, F.B.; Vancampfort, D.; Richards, J.; Rosenbaum, S.; Ward, P.B.; Stubbs, B. Exercise as a Treatment for Depression: A
Meta-Analysis Adjusting for Publication Bias. J. Psychiatr. Res. 2016, 77, 42–51. [CrossRef]

http://doi.org/10.1016/j.jsams.2019.10.022
http://doi.org/10.1007/s40279-016-0672-0
http://doi.org/10.1016/j.jelekin.2014.02.003
http://doi.org/10.1007/s00421-014-2838-5
http://doi.org/10.1080/15438627.2014.975811
http://doi.org/10.1152/japplphysiol.91324.2008
http://doi.org/10.1123/jsep.2013-0249
http://www.ncbi.nlm.nih.gov/pubmed/25226606
http://doi.org/10.1136/bmjopen-2018-028555
http://www.ncbi.nlm.nih.gov/pubmed/31488476
http://doi.org/10.1177/0890117118817715
http://www.ncbi.nlm.nih.gov/pubmed/30586999
http://doi.org/10.1111/nhs.12347
http://doi.org/10.3390/ijerph16203904
http://doi.org/10.1371/journal.pone.0126102
http://doi.org/10.1016/j.jalz.2008.02.005
http://doi.org/10.1590/S1807-59322011000800008
http://doi.org/10.1016/j.archger.2004.04.033
http://doi.org/10.1111/ajag.12076
http://doi.org/10.1186/s12877-020-01938-5
http://doi.org/10.1590/S1807-59322011000400015
http://doi.org/10.1017/S1041610211002365
http://doi.org/10.1002/14651858.CD006489.pub4
http://doi.org/10.1136/bjsm.35.2.114
http://doi.org/10.1017/S003329170700089X
http://doi.org/10.1590/S0100-879X2010007500041
http://doi.org/10.4088/JCP.10m06743
http://doi.org/10.1097/01.pra.0000430504.16952.3e
http://doi.org/10.1016/j.jpsychires.2016.02.023


Int. J. Environ. Res. Public Health 2021, 18, 12364 10 of 10

41. Brokmeier, L.L.; Firth, J.; Vancampfort, D.; Smith, L.; Deenik, J.; Rosenbaum, S.; Stubbs, B.; Schuch, F.B. Does Physical Activity
Reduce the Risk of Psychosis? A Systematic Review and Meta-Analysis of Prospective Studies. Psychiatry Res. 2020, 284, 112675.
[CrossRef] [PubMed]

42. Firth, J.; Schuch, F.; Mittal, V.A. Using Exercise to Protect Physical and Mental Health in Youth at Risk for Psychosis. ResPsy 2020,
23, 433. [CrossRef] [PubMed]

43. Mittal, V.A.; Vargas, T.; Juston Osborne, K.; Dean, D.; Gupta, T.; Ristanovic, I.; Hooker, C.I.; Shankman, S.A. Exercise Treatments
for Psychosis: A Review. Curr. Treat. Options Psych. 2017, 4, 152–166. [CrossRef] [PubMed]

44. Cotman, C. Exercise: A Behavioral Intervention to Enhance Brain Health and Plasticity. Trends Neurosci. 2002, 25, 295–301.
[CrossRef]

45. Gorczynski, P.; Faulkner, G. Exercise Therapy for Schizophrenia. Cochrane Database Syst. Rev. 2010, 5. [CrossRef]
46. Yang, M.N.; Clements-Nolle, K.; Parrish, B.; Yang, W. Adolescent Concussion and Mental Health Outcomes: A Population-Based

Study. Am. J. Health Behav. 2019, 43, 258–265. [CrossRef] [PubMed]
47. Kerr, Z.Y.; Marshall, S.W.; Harding, H.P.; Guskiewicz, K.M. Nine-Year Risk of Depression Diagnosis Increases With Increasing

Self-Reported Concussions in Retired Professional Football Players. Am. J. Sports Med. 2012, 40, 2206–2212. [CrossRef]
48. McMillan, T.M.; McSkimming, P.; Wainman-Lefley, J.; Maclean, L.M.; Hay, J.; McConnachie, A.; Stewart, W. Long-Term Health

Outcomes after Exposure to Repeated Concussion in Elite Level: Rugby Union Players. J. Neurol. Neurosurg. Psychiatry 2017, 88,
505–511. [CrossRef]

49. Rice, S.M.; Parker, A.G.; Rosenbaum, S.; Bailey, A.; Mawren, D.; Purcell, R. Sport-Related Concussion and Mental Health
Outcomes in Elite Athletes: A Systematic Review. Sports Med. 2018, 48, 447–465. [CrossRef]

50. Hutchison, M.G.; Di Battista, A.P.; McCoskey, J.; Watling, S.E. Systematic Review of Mental Health Measures Associated with
Concussive and Subconcussive Head Trauma in Former Athletes. Int. J. Psychophysiol. 2018, 132, 55–61. [CrossRef]

51. Li, H.; Moreland, J.J.; Peek-Asa, C.; Yang, J. Preseason Anxiety and Depressive Symptoms and Prospective Injury Risk in
Collegiate Athletes. Am. J. Sports Med. 2017, 45, 2148–2155. [CrossRef]

52. von Rosen, P.; Heijne, A. Subjective Well-Being Is Associated with Injury Risk in Adolescent Elite Athletes. Physiother. Theory
Pract. 2021, 37, 748–754. [CrossRef]

53. Arnold, R.; Fletcher, D. A Research Synthesis and Taxonomic Classification of the Organizational Stressors Encountered by Sport
Performers. J. Sport Exerc. Psychol. 2012, 34, 397–429. [CrossRef]

54. Noblet, A.J.; Gifford, S.M. The Sources of Stress Experienced by Professional Australian Footballers. J. Appl. Sport Psychol. 2002,
14, 1–13. [CrossRef]

55. Souter, G.; Lewis, R.; Serrant, L. Men, Mental Health and Elite Sport: A Narrative Review. Sports Med.—Open 2018, 4, 57.
[CrossRef]

56. Chang, C.; Putukian, M.; Aerni, G.; Diamond, A.; Hong, G.; Ingram, Y.; Reardon, C.L.; Wolanin, A. Mental Health Issues and
Psychological Factors in Athletes: Detection, Management, Effect on Performance and Prevention: American Medical Society for
Sports Medicine Position Statement—Executive Summary. Br. J. Sports Med. 2020, 54, 216–220. [CrossRef]

57. Meeusen, R.; Duclos, M.; Foster, C.; Fry, A.; Gleeson, M.; Nieman, D.; Raglin, J.; Rietjens, G.; Steinacker, J.; Urhausen, A.
Prevention, Diagnosis and Treatment of the Overtraining Syndrome: Joint Consensus Statement of the European College of Sport
Science (ECSS) and the American College of Sports Medicine (ACSM). Eur. J. Sport Sci. 2013, 13, 1–24. [CrossRef]

58. Peluso, M.A.M.; Andrade, L.H.S.G. de Physical Activity and Mental Health: The Association between Exercise and Mood. Clinics
2005, 60, 61–70. [CrossRef]

59. Rosendahl, J.; Bormann, B.; Aschenbrenner, K.; Aschenbrenner, F.; Strauss, B. Dieting and Disordered Eating in German High
School Athletes and Non-Athletes. Scand. J. Med. Sci. Sports 2009, 19, 731–739. [CrossRef]

60. Nazem, T.G.; Ackerman, K.E. The Female Athlete Triad. Sports Health 2012, 4, 302–311. [CrossRef]

http://doi.org/10.1016/j.psychres.2019.112675
http://www.ncbi.nlm.nih.gov/pubmed/31757637
http://doi.org/10.4081/ripppo.2020.433
http://www.ncbi.nlm.nih.gov/pubmed/32913824
http://doi.org/10.1007/s40501-017-0112-2
http://www.ncbi.nlm.nih.gov/pubmed/29034144
http://doi.org/10.1016/S0166-2236(02)02143-4
http://doi.org/10.1002/14651858.CD004412.pub2
http://doi.org/10.5993/AJHB.43.2.3
http://www.ncbi.nlm.nih.gov/pubmed/30808466
http://doi.org/10.1177/0363546512456193
http://doi.org/10.1136/jnnp-2016-314279
http://doi.org/10.1007/s40279-017-0810-3
http://doi.org/10.1016/j.ijpsycho.2017.11.006
http://doi.org/10.1177/0363546517702847
http://doi.org/10.1080/09593985.2019.1641869
http://doi.org/10.1123/jsep.34.3.397
http://doi.org/10.1080/10413200209339007
http://doi.org/10.1186/s40798-018-0175-7
http://doi.org/10.1136/bjsports-2019-101583
http://doi.org/10.1080/17461391.2012.730061
http://doi.org/10.1590/S1807-59322005000100012
http://doi.org/10.1111/j.1600-0838.2008.00821.x
http://doi.org/10.1177/1941738112439685

	Introduction 
	Materials and Methods 
	Results 
	Effect of Mental Health on Physical Performance Metrics 
	Effect of Physical Activity on Mental Health Metrics 
	Role of Mental Health in Injury during Sport Participation 
	Mental Health in Elite Athletes and Retired Elite Athletes 

	Discussion 
	Conclusions 
	References

