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Abstract

Background: Among ultra-endurance runners (UER), the mental, behavioral and
physical demands of training/competition can result in maladaptive outcomes. Mental
health issues are common in athletes and can impact psychology, physical health, and
performance.

Purpose: To synthesize information regarding the incidence/prevalence and associated
factors of mental health issues among UER.

Methods: Systematic searches were performed in PubMed, SPORTDiscus, Scopus,
Cochrane databases, CINAHL, Web of Science, and Medline Ovid using key terms
related to UER (e.g., trail running, road running) and psychological pathologies (e.g.,
exercise addiction, depression). Inclusion criteria considered original articles published
in peer-reviewed journals in English, using qualitative or quantitative approaches. We
considered papers reporting incidence/prevalence and associated factors with mental
health outcomes in UER of both sexes, all ages, and levels of competition (e.g., elite, non-
professional runners). The Joanna Briggs Institute - Analytical cross-sectional studies
critical appraisal tool was used for quality assessment.

Results: A total of 282 studies were identified and 11 studies were included in the final
selection. A total of 3670 UER were included in the studies. The prevalence of mental
health issues among UER ranged between 32.0%-62.5% for eating disorders, from 11.5%
to 18.2% for exercise addiction, 18.6% for depressive symptoms, and 24.5% for sleep
disturbance. Exercise addiction was not related to weekly volume, but a strong
relationship with exercise in an unstructured space, age, and body mass index was shown.
Conclusion: Mental health issues among UER are common, especially eating disorders,

exercise addiction, sleep disturbances, and depressive symptoms. Further high-quality



studies are needed to examine underlying factors and find preventative strategies to
protect UER.
Registration: The protocol of this systematic review was registered at the PROSPERO -

CRD42022338743

Key points:

e The last decade showed an increase in interest in mental health in ultra-endurance
runners.

e Common mental health issues among UER are eating disorders and exercise
addiction.

¢ Race distance within ultra-endurance running is not a risk factor for mental health

1Ssues.

1. Background

Mental health disorders involve clinical conditions that change a person’s
thinking, behavior, and emotions [1]. These disorders are associated with distress and/or
disabilities in social, occupational, and other activities [1]. Mental health disorders affect
approximately 13% of the general population [2] and are one of the leading economic
burdens (medical costs) worldwide, including symptoms such as anxiety, depression,
substance use, among others [3]. These mental health issues are complex and
multifactorial and can be challenging to manage, with protective factors including social

support, social network, working conditions, and physical activity working in synergy

[4].



Physical activity has a prophylactic and therapeutic capacity to diminish
depression and anxiety [5, 6]. Furthermore, physical activity can also prevent and reduce
insomnia symptoms [7, 8]. A dose-response relationship highlighted a decline of about
33% in the risk of psychological distress in groups involved in sports practice more than
four times a week [9]. However, the relationship between physical activity and mental
health follows a U-shaped curve, with higher levels of physical activity having damaging
effects on mental health [10].

Among the general population, those involved in prolonged and strenuous
exercise, with higher physiological demands, may be at increased risk of mental health
issues [3]. Ultra-endurance runners (UER) are runners competing in ultra-endurance
events (>42.195 km or >6 hours of running), either in a single day or stage or in multi-
day or multi-stage events [11]. The number of UER has increased over the last 20 years
worldwide [12, 13], including participants of different competitive levels (i.e., elite
athletes, amateur, recreational runners), both sexes, and different age groups [14]. The
long-term health issues of the UER were previously discussed in the context of the
implications in the cardiovascular system, renal functions, and musculoskeletal injuries,
respiratory response[15]. However, little information is currently available regarding
mental health issues among UER.

Despite the evidence about the protective role of endurance running against
chronic illness [16], as well as the psychological benefits associated with the practice
[17], different mental health disorders were observed among sub-groups of runners [18,
19]. Previous findings showed that elite UER present a higher prevalence of addictive
behavior, compared to non-sport-oriented subjects and university athletes [20]. In
addition, among cross-country and trail runners a high frequency of eating disorders and

exercise addiction were reported [21, 22], since body weight management is a recurrent



practice among athletes competing in weight-sensitive sports [23], and a high training
volume is pointed as closely related to performance [24, 25]. In this sense, the mental
demands, behavioral changes (e.g., nutritional habits, training periodization), and
physical demands related to competition can result in maladaptive outcomes [15].

Defining mental health in the sports context is a challenging task. Athletes’
training demands and pressure can lead to unpleasant thoughts and emotions as a
consequence of the sport/competition environment. In this context, Henriksen et al [26]
highlighted the relevance to distinguish between clinical health disorders, subclinical
mental ill health, the human condition, and the athlete condition. Some researchers have
proposed new and dynamic definitions for mental health (not only in the context of
sports), meaning that the condition may change according to the context. For example,
the single continuum models state the idea that human-beings can “move bidirectionally
along a single mental health-mental disorder continuum”. In this case, athletes would
move back and forth alongside this continuum, which doesn’t necessarily relate to a risk
of developing clinically relevant concerns or mental disorders in need of treatment [27].
Further, the dual-continuum model points out that mental health comprises a continuum
of both mental illness and mental health, and the symptoms of each are independent,
ranging from high to low [27-29]. The assessment of both dimensions must be performed
simultaneously, and the “absence of mental health does not imply the presence of mental
illness, and the presence of mental illness, does not imply the absence of mental health”
[30], and this is of relevance for the general population and athletes.

Since UER can face different long-term health risks [15, 31] and substantial
vulnerabilities to developing mental health illness [32], understanding the prevalence and
factors associated with mental health disorders in this population is of importance.

Currently, little is known about the extent of mental health issues in UER. To our



knowledge, no systematic review has been published on mental health issues in UER.
The purposes of this systematic review, focusing on UER, are to present information
regarding the incidence/prevalence of mental health issues, and to report on factors

associated with mental health issues.

2. Methods

2.1 Protocol and Registration

This systematic review was conducted accordingly to the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [33],
and the protocol was registered at the International Prospective Register of Systematic
Reviews (PROSPERO — CRD42022338743).

2.2 Database and search strategy

The search strategy was developed by the lead author (MT) in collaboration with
the co-authors of this review (VS, CV). The following seven key databases, relevant to
our research question, were searched: PubMed, SPORTDiscus, Scopus, Cochrane
databases, CINAHL, Web of Science, and Medline Ovid. Two sets of keywords were
used, which were combined by the use of the Boolean operator AND: set 1 included the
different terminologies for ultra-endurance running, which were combined with the OR
operator (““trail run*>’, “sky run*, “fell run*”, “off-road run*”, “mountain run*”,
“ultra run*”, “ultramarathon*”, “ultra trail*”, “ultra endurance’); based on the
International Olympic Committee Consensus statement [34], the Set 2 included the
different terminologies for mental health, which were combined with the OR operator
(“mental health”, ““mental disorder*”, “depress*”, ““suicide*”, “anxiety”, *‘sleep

disorder*”, “sleep problem*”’, ““addiction*”, “eating disorder*”, “substance abuse”,



“alcohol abuse”, “drugs abuse”, “gambling*”, “post-traumatic stress disorder*”,
“attention deficit hyperactivity disorder*”, “bipolar”, “schizophrenia’). The search was
conducted and completed in August 2022. All records retrieved by the search query were
imported into the Endnote X7 software (Thompson Reuters, Carlsbad, CA, USA), and
duplicates were removed by the lead author (MT).
2.3 Study inclusion and exclusion criteria
Inclusion criteria considered original articles published in English, and published
in peer-reviewed journals, using both qualitative and quantitative approaches. In addition,
we considered papers reporting the incidence/prevalence and/or factors associated with
mental health outcomes in UER. UER were defined as athletes who have participated in
at least one ultra-endurance event, with a running distance longer than the standard
marathon distance (42.195 km), multi-day or multi-stage events [11]. This included road
or off-road running events [11], athletes of both sexes, all ages, and all levels of
participation (e.g., elite and non-professional). Exclusion criteria considered case reports
and case series, as well as not having access to the full article. All studies published from
inception to August 2022 were considered.
2.4 Study selection and data extraction strategy
Titles and abstracts of potentially relevant papers were screened, and those selected
were screened independently in full text by two reviewers (MT, CV). To be included in the
present review, eligible papers were confirmed by the two reviewers (MT, CV), and when
discrepancies arose, they were solved by discussion between them or a third independent
reviewer (VS).
2.5 Data extraction and study quality assessment
Data extraction was performed by two authors (MT, TNG) for all selected studies,

considering: (1) authors; (2) year of publication; (3) study design; (4) sample



characteristics; (5) running/race characteristics; (6) variables assessed; (7) main results;
and (8) mental health associated factors. The Joanna Briggs Institute — Analytical cross-
sectional studies critical appraisal tool [35] was used for quality assessment (Table 1). A
qualitative assessment was performed individually by two reviewers (MT, TNG), and
discrepancies were resolved by consensus. The quality appraisal checklist comprised 8
criteria: (1) sample inclusions defined; (2) study subjects and settings described; (3)
exposure measured in a valid and reliable way; (4) objective, standard measurement
criteria for the condition used; (5) confounding factors identified; (6) strategies to deal
with confounding factors stated, (7) outcomes measured in valid and reliable way; (8)
appropriate statistical analysis used. Each criterion was scored as being “met= yes” or

“not met=no” or “unclear” and in some instances as “not applicable”.

3. Results

3.1 Literature Search
A total of 282 studies were identified. After excluding the duplicates, 137 studies
were screened by their titles and abstracts. A total of 42 studies were deemed relevant for
full-textual assessment. Eleven studies fulfilled the eligibility criteria and were included

in this review. The PRISMA flowchart is presented in Figure 1.
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Figure 1. PRISMA flow diagram of the screening process

3.2 Quality assessment
Table 1 presents the methodological quality assessment. The concordance rate
between the authors was 89.77%. Inclusion criteria and sample characteristics were
reported appropriately in most of the studies. However, most of the studies did not present
information about the use of standardized criteria for measurement (Q4), identification,
and overcoming confounding factors (Q5 and Q6), meaning they were classified as “not

applied” for these evaluation questions.



Table 1. Methodological quality assessment results

10

Studies Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8
[39] Belinchon-de-Miguel et al

(2021) Yes Yes Yes N/A N/A N/A Yes Yes
[36] Buck et al (2018) Yes Yes Yes N/A N/A N/A Yes Yes
[38] Folscher et al (2015) Yes Yes Yes N/A N/A N/A Yes Yes
[37] Heeg et al (2021) Yes Yes Yes N/A N/A N/A Yes Yes
[40] Hoffman and Krouse (2018) Yes Yes Yes N/A N/A N/A Yes Yes
[41] Martin et al (2018) Yes Yes Yes N/A N/A N/A Yes Yes
[42] Roebuck et al (2018) Yes Yes Yes Yes Yes Yes Yes Yes
[43] Scheer et al (2020) Yes Yes Yes N/A N/A N/A Yes Yes
[20] Szabo et al (2013) No Yes Yes N/A N/A N/A Yes Yes
[45] Wirnitzer et al (2022) Yes Yes Yes N/A N/A N/A Yes Yes
[44] Allegre et al (2007) Unclear Yes Yes N/A N/A N/A Yes Yes

Legend: Q1 Were the criteria for inclusion in the sample clearly defined?; Q2 Were the study subjects and the setting
described in detail?; Q3 Was the exposure measured validly and reliably?; Q4 Were objective, standard criteria used
for measurement of the condition?; Q5 Were confounding factors identified?; Q6 Were strategies to deal with
confounding factors stated?; Q7 Were the outcomes measured validly and reliably?; Q8 Was appropriate statistical
analysis used?. N/A (Not applicable).

3.3 Sample and study characteristics

The studies’ characteristics are presented in Table 2. Across the selected studies,
data were collected from 3670 participants. Of these, 2033 (55.9%) were men, 1189
(32.7%) were women, and 448 (12.3%) did not report on the participants’ sex. Few
studies indicated where the retrieved studies were conducted (for example, in the USA,
Spain, and South Africa) [20, 36-38]. The publication date range of the included studies
is from 2013 to 2022. The studies that met the inclusion criteria used a quantitative
approach, with the design of the studies being predominantly cross-sectional [36-42],
with one study presenting a retrospective approach [43] and another presenting a
prospective approach [44]. When the study design was not mentioned in the text, we
defined it based on the study outlines. Therefore, studies using data from the race results
were considered cross-sectional. Study samples ranged from 20 [42] to 1,349 subjects
[40], sampling both men and women, while running characteristics includes off-road and

road running races [39], both distance- [38, 40, 44] and time-limited events [37], or both
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[36, 43]. Distance-limited events ranged between >42.192 km to 100 miles (=161 km)
[37] and multiday events [43].
3.4 Prevalence of mental health issues

The assessment of mental health issues included eating disorders [37, 38], exercise
addiction/dependence [20, 36, 44], perceived stress [39], depressive symptoms [36], sleep
disorders [41], general mental health [39, 45], or multiple (i.e., anxiety, depression,
exercise addiction) [36, 43]. The prevalence of mental health issues varied between
studies: 11.5% [43], 17% [20], and 18.2% for exercise addiction risk [36]; 12.8% [43],
and 18.6% for depressive symptoms [36]; 32% for risk of eating disorders [38]; 62.5%
for eating disorders in women and 44.5% for eating disorder among men [37]; 24.5% for
sleep disturbance [41]; and 12.8% for anxiety [43]. For mental health score and perceived
stress results ranged from 0.58 [45] to 17.1 (7.0) [39], respectively.
3.5 Factors associated with mental health

The main outcomes showed no association between psychological variables and
runners’ performance [39], higher pain tolerance and reduced pain-related anxiety, and
pain-related escape and avoidance behaviours [42]. No association between weekly
volume and exercise addiction in UER was observed, but an influence of exercise in an
unstructured space, age, and BMI [44] was shown. No significant association between
race distance and mental health was found [45]. Mental health-associated factors include
eating disorders [38], and also the female triad (when female runners were studied) [37,
38]. Sleeping behaviours were investigated for both sexes, showing that more women

athletes report sleep issues [41].



4 Discussion

This  systematic  review

incidence/prevalence, and associated factors of mental health issues among UER. The
main findings (Figure 2) showed that (a) the last 10 years showing an increase in research
interest in this topic, (b) eating disorders, exercise addiction/dependence, perceived stress,
depressive symptoms, sleep disorder, anxiety, and psychological health are the most
studied mental health issues in UER; (c) the prevalence results ranged between 11.5%
and 18.2% for exercise addiction, from 12.8% to 18.6% for depressive symptoms, and
from 32% to 62.5% for eating disorders; while the prevalence of sleep disturbance and
anxiety were 24.5% and 12.8%, respectively; (d) exercise addiction was strongly related

to exercise in an unstructured space, age, and BMI; no significant association between

summarized

race distance and mental health was shown.

information  regarding  the

KEY FINDINGS
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The last 10 years (2013-2022)
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in the topic of mental health

in UER.
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the Northern hemisphere. m

No study identified in Asia,
South America and Oceania,

L
@

Perceived stress, depressive symptoms, sleep disorder,
anxiety and psychological health were also studied.

o UER showed higher
prevalence for eating disorders.
Other prevalences were 18.2% for exercise
addiction, 18.6% for depressive symptoms.
62,5% for eating disorder, 24.5% for sleep
disturbance and 12.8% for anxiety.
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Figure 2. Main take-home messages of the systematic review.

(UER: Ultra-endurance runners)
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4.1 Mental health issues assessed and the prevalence in UER

In current literature, eating disorders, exercise addiction/dependence, perceived
stress, depressive symptoms, sleep disorder, anxiety, and psychological health are
investigated. Eating disorders among athletes are a recurrent topic [21, 46], and results
differ according to the characteristics of the studied sample [22, 37, 46-48]. The higher
interest in eating disorders among UER could be related to the evidence that running
emphasizes leanness or low body weight as a performance-related factor [48].
Comparisons between elite athletes and the general population showed a higher
prevalence of eating disorders among the elite group [49], while a higher prevalence of
eating disorders was observed for female compared to male athletes [49].

Of the total studies included in our systematic review, only one study presented
between-sexes differences. Eating disorder prevalence was higher in women compared to
men (62.5% vs 44.5%) [37]. In addition, 61.1% of women and 29.2% of men were
classified as moderate, and 5.6% of both sexes were classified as “at high” risk for the
Triad Cumulative Risk Assessment — a tool used to assess the risk for “relative energy
deficiency in sport” (RED-S) [50]. RED-S takes into account disordered eating patterns,
menstrual dysfunction, low bone mineral density, low body weight, delayed age of
menarche, and oligomenorrhea [37]. Future comparative studies are needed to better
understand the sex differences for eating disorders in UER, especially considering holistic
perspectives that moves beyond the athlete centered approach. For instance, an etiological
model proposed by Petrie and Greenleaf [52] considered society and sports pressure as
important predictors of eating disorders, while internationalization, body satisfaction, and
negative affect were considered moderators [52].

Similarly, no differences between eating disorders among UER of different

performance levels were shown. Except for those studies investigating elite athletes, most



14

of the studies did not report the performance level of their samples. This lack of detail
can be related to the lack of a clear definition of runners’ performance [51], as well as,
the lack of clarity regarding the characteristics of different competitive levels. This lack
of information impairs the generalization of the findings, as it becomes challenging to
ascertain whether the findings can be applied for all UER, or specific groups. One study
investigated the difference in the prevalence of eating disorders between UER and half-
marathoners [53]. Results showed that women athletes competing in ultra-distances (56
km) presented a higher prevalence for women athlete triad comparatively to their half-
marathoner peers. When the triad components were considered individually (i.e., eating
disorders, menstrual dysfunction, bone stress injury), UER also presented a higher
prevalence of eating disorders [53]. Since eating disorders can be related to endurance
training [38], prospective designs need to be considered in order to provide a deeper
understanding of cause-effect associations over time.

In elite athletes, especially those competing in weight-sensitive sports, eating
disorders and exercise addiction are interconnected [22, 47]. This highlights the relevant
role that exercise addiction presents in the psychopathology of eating disorders [21].
Exercise addiction was coined when studies started reporting on the harmful effects of
exercise (physical, social, medical, and financial problems, anxiety and depression) [54].
From the reviewed studies, the exercise addiction prevalence ranged from 11.5% [43] to
18.2% [36]. Besides differences in study design (retrospective vs cross-sectional) [36, 43]
both studies used the Exercise Addiction Inventory [54], and presented similar
characteristics regarding the ultra-endurance distance for the studied samples (50 km, 50
miles). These results are similar to the previous literature, in which a prevalence range
of 2.7% to 42% was shown for endurance competitive men runners [55], and a range

from 8.7% [56] to 15.6% [57] was shown for athletes competing in different sports
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disciplines. Athletes competing in Muay Thai, boxing, and volleyball presented a high
risk of exercise dependency, while athletes competing in basketball and football had a
lower risk of exercise dependency [57]. Similarly, athletes competing in resistance-based
sports have a higher risk of exercise dependency [57]. In the general population, exercise
addiction prevalence ranged from 5% to 8.1% for amateur competitive athletes and
general exercisers (subjects who exercised in a non-sporting context) [18]. Results differ
according to the tool used, and running background (i.e., experience, commitment level)
[58, 59].

Two studies investigated depressive symptoms in UER, with the prevalence
ranging from 12.8% [43] to 18.6% [36]. Running has been associated with physical and
mental health benefits [60]. A recent scoping review reported that runners presented lower
depression and anxiety, lower stress, and higher psychological well-being compared to
non-runners [61]. A 12-week group-based running program showed positive outcomes
for people presenting complex mood disorders with a decrease in depression, stress, and
anxiety [62]. However, while running is protective against mental health issues, the
pressure of the sport, and the high demand for UER are risks for negative outcomes [63].
Perceived stress, sleep disorder, pain, and anxiety were also investigated. Symptoms of
anxiety/depression were shown for elite (33.6%) and former athletes (26.4%) [3], as well
as a higher prevalence among women (26%) compared to men athletes (10.2%) [64].
Women athletes are most vulnerable to developing mental health issues, as previously
shown, for different outcomes [65, 66], meaning that synergic work between coaches,
organizations, and stakeholders is important to provide better practices to prevent these

issues.
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4.2 Risk factors for mental health issues

Studies that assessed risks associated with mental health, reported exercise
addiction was not associated with sex [36, 44], running event distance [36], or weekly
running volume [20]. Regarding sex, a previous systematic review that assessed sex
differences using the ‘Exercise Addiction Inventory’ and ‘Exercise Dependence Scale’
showed that men reported more or similar exercise addiction scores than women [67].
Future studies should focus on better understanding sex differences, considering the
association between the risk for exercise addiction, exercise intensity, and level of
commitment (e.g., weekly mileage, attendance of competition). The non-association
between event distance and mental health needs to be further investigated. A high risk for
mental health symptoms is related to sports where training volume is pointed out as a
predictor of performance [39, 68-70]. However, it may be useful to control for additional
variables such as training load characteristics, the training surface, competition (trail,
mountain, road), and internal vs external stressors, that can be associated with a higher
physical and mental demand during training and competition.

Nevertheless, Allegre et al. [44] reported that exercise in an unstructured space
(i.e., street, public space, and park, etc.), age, and BMI were strong predictors for exercise
addiction in athletes competing in 100 km ultra-marathons. Previous evidence showed a
higher association between training volume and exercise addiction in recreational athletes
[54, 71], but the same was not observed among elite athletes. Elite athletes can manage
high training volumes per week without experiencing addiction symptoms [47], since the
addiction is characterized by the athlete’s relationship with exercise, and how it dominates
their life [47]. Since age was negatively related to exercise addiction, results are in
accordance with previous literature where young athletes presented a higher prevalence

of exercise addiction compared to their older peers [47, 72]. On the other hand, athletes
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competing in ultra-marathon events tend to be older than athletes competing in other
sports disciplines [73], therefore, more studies are necessary to better understand this
association. Similarly, BMI was negatively related to exercise addiction. Future studies
need to consider the association between BMI and exercise addiction including the role
of eating disorders, given that eating behaviours are related to weight and BMI [38]. The
association between exercise in unstructured space and exercise addiction needs to be
better explored in future studies. Characteristics related to the place of residence (urban
or rural space), natural and built environment of the training place, and racing events
(ground, duration of the event, place of competition) should be explored to present better
evidence regarding the mechanisms that explain this association.
4.3 Strengths and limitations

Factors that impair the generalization of these findings include the lack of
standardized tools to assess the variables of interest. Future possibilities include the use
of the IOC assessment tools (Sport Mental Health Assessment Tool 1, and Sports Mental
Health Recognition Tool 1) to identify risks for mental health symptoms and disorders
among elite athletes [74]. Similarly, as the popularity of UER has increased among non-
professional athletes over the last years [12], future studies need to consider establishing
consensus regarding the instruments to be used during the assessment and monitoring of
mental health issues among non-professional runners. Similarly, mental health issues
should be considered a complex phenomenon, influenced and determined by several
factors. In this sense, to address the limitations of the studies included in this review,
future researchers need to explore confounding factors related to mental health issues and
use a longitudinal design to identify changes during the competitive period. This will
further provide insight into which UERs are more at-risk of experiencing symptoms of

mental ill-health. The lack of consensus regarding the definition of UER can be related
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to differences in the characteristics of the studied sample and, consequently, differences
in the prevalence of mental health issues. This lack of clarity regarding the performance
level of the runners impairs the comparison and a deep understanding of mental health

issues that affect different sub-groups of UER (i.e., elite or non-professional).

In this sense, future studies need to present a clear explanation regarding the
sample characteristics (i.e., age, sex, practice experience in years, training characteristics,
competition level etc.) to facilitate the sports-based evidence. Finally, we only considered
studies published in English, which does not cover all the scientific literature available.
However, the results of the present systematic review can be used to inform UER,
coaches, policymakers, and sports organizations about the potential risks of mental health
associated with ultra-endurance running. This can help to develop guidelines that promote
the mental health and well-being of UER, such as providing mental health support
services for athletes and incorporating mental health education into training and
competition programs. Even though this review focused on highlighting the mental issues
among UERs, we acknowledge that running is associated with positive health and well-
being benefits as well. Future studies should also consider investigating the mental health

benefits to shine light on the risks vs benefits of UER participation.

5 Conclusions

Eating disorders, exercise addiction/dependence, perceived stress, depressive
symptoms, sleep disorder, anxiety, and psychological health are the most studied mental
health issues in UER. The prevalence of mental health issues varied widely, with exercise
addiction and eating disorders presenting the highest prevalence. Future comparative
studies are needed to better understand sex differences and positive outcomes associated

with participation in Ultra-endurance running among non-professional athletes. It is
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important to continue investigating mental health issues among UER to better understand

the risk factors and develop interventions to promote the well-being of these athletes.

Declarations
Ethics Approval and Consent to Participate

Not applicable.

Consent for publication

Not applicable.

Availability of Data and Materials

Not applicable.

Competing Interests

Mabliny Thuany, Carel Viljoen, Thayse Natacha Gomes, Beat Knechtle, Volker Scheer
declare no competing interests.

Funding

No sources of funding were used to assist in the preparation of this article

Author Contributions
MT drafted the manuscript; MT, CV, TNG, BK, and VS helped draft the final version.

All authors read and approved the final manuscript.



20

Acknowledgments

Not applicable.

References

1. Association AP. Diagnostic and Statistical Manual of Mental Disorders (DSM-5-TR).
Arlington, VA: American Psychiatric Association; 2013.

2. Global, regional, and national incidence, prevalence, and years lived with disability for
354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis for
the Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1789-858. Epub 20181108.
doi: 10.1016/s0140-6736(18)32279-7. PubMed PMID: 30496104.

3. Gouttebarge V, Castaldelli-Maia JM, Gorczynski P, Hainline B, Hitchcock ME,
Kerkhoffs GM, et al. Occurrence of mental health symptoms and disorders in current and
former elite athletes: a systematic review and meta-analysis. Br J Sports Med. 2019;53(11):700-
6. doi: 10.1136/bjsports-2019-100671. PubMed PMID: 31097451.

4. Oliveros B, Agullo-Tomas E, Marquez-Alvarez LJ. Risk and Protective Factors of
Mental Health Conditions: Impact of Employment, Deprivation and Social Relationships. Int J
Environ Res Public Health. 2022;19(11). Epub 20220601. doi: 10.3390/ijerph19116781.
PubMed PMID: 35682363; PubMed Central PMCID: PMCPMC9180102.

5. Herring MP, O’Connor PJ, Dishman RK. The Effect of Exercise Training on Anxiety
Symptoms Among Patients: A Systematic Review. Archives of Internal Medicine.
2010;170(4):321-31. doi: 10.1001/archinternmed.2009.530.

6. Andreas H, Darlene H, Luisa Leonie B, Nora S, Maria K, Davy V, et al. Exercise as
medicine for depressive symptoms? A systematic review and meta-analysis with meta-
regression. British Journal of Sports Medicine. 2023:bjsports-2022-106282. doi:
10.1136/bjsports-2022-106282.

7. Kelley GA, Kelley KS. Exercise and sleep: a systematic review of previous meta-
analyses. J Evid Based Med. 2017;10(1):26-36. doi: 10.1111/jebm.12236. PubMed PMID:
28276627; PubMed Central PMCID: PMCPMC5527334.

8. Morse CD, Klingman KJ, Jacob BL, Kodali L. Exercise and Insomnia Risk in Middle-
Aged Women. The Journal for Nurse Practitioners. 2019;15(3):236-40.e2. doi:
https://doi.org/10.1016/.nurpra.2018.10.020.

9. Hamer M, Stamatakis E, Steptoe A. Dose-response relationship between physical
activity and mental health: the Scottish Health Survey. Br J Sports Med. 2009;43(14):1111-4.
Epub 20080410. doi: 10.1136/bjsm.2008.046243. PubMed PMID: 18403415.

10. Shimura A, Masuya J, Yokoi K, Morishita C, Kikkawa M, Nakajima K, et al. Too much
is too little: Estimating the optimal physical activity level for a healthy mental state. Frontiers in
Psychology. 2023;13. doi: 10.3389/fpsyg.2022.1044988.

11. Scheer V, Basset P, Giovanelli N, Vernillo G, Millet GP, Costa RJS. Defining Off-road
Running: A Position Statement from the Ultra Sports Science Foundation. Int J Sports Med.
2020;41(5):275-84. doi: 10.1055/a-1096-0980.

12. Thuany M, Gomes T, Villiger E, Weiss K, Scheer V, Nikolaidis P, et al. Trends in
Participation, Sex Differences and Age of Peak Performance in Time-Limited Ultramarathon
Events: A Secular Analysis. Medicina. 2022;58(3). Epub 20220301. doi:
https://doi.org/10.3390/medicina58030366.

13. RunRepeat. The State of Ultra Running 2020 2021 [cited 2021 24 September 2021].
Available from: https://runrepeat.com/state-of-ultra-running.




21

14. Scheer V, Di Gangi S, Villiger E, Rosemann T, Nikolaidis PT, Knechtle B.
Participation and Performance Analysis in Children and Adolescents Competing in Time-
Limited Ultra-Endurance Running Events. Int J Environ Res Public Health. 2020;17(5). Epub
20200303. doi: 10.3390/ijerph17051628.

15. Scheer V, Tiller NB, Doutreleau S, Khodaee M, Knechtle B, Pasternak A, et al.
Potential Long-Term Health Problems Associated with Ultra-Endurance Running: A Narrative
Review. Sports Med. 2022;52(4):725-40. Epub 20210920. doi: 10.1007/s40279-021-01561-3.
16. Lavie CJ, Lee DC, Sui X, Arena R, O'Keefe JH, Church TS, et al. Effects of Running
on Chronic Diseases and Cardiovascular and All-Cause Mortality. Mayo Clin Proc.
2015;90(11):1541-52. Epub 20150908. doi: 10.1016/j.mayocp.2015.08.001.

17. Krouse R, Ransdell L, Lucas S, Pritchard M. Motivation, Goal Orientation, Coaching,
and Training Habits of Women Ultrarunners. Journal of Strength and Conditioning Research.
2011;1:2835-42. doi: http://10.1519/JSC.0b013e318207e964.

18. Trott M, Jackson SE, Firth J, Fisher A, Johnstone J, Mistry A, et al. Exercise Addiction
Prevalence and Correlates in the Absence of Eating Disorder Symptomology: A Systematic
Review and Meta-analysis. J Addict Med. 2020;14(6):e321-¢9. doi:
10.1097/adm.0000000000000664.

19. Hulley AJ, Hill AJ. Eating disorders and health in elite women distance runners. Int J
Eat Disord. 2001;30(3):312-7. doi: 10.1002/eat.1090. PubMed PMID: 11746292.

20. Szabo A, Vega Rde L, Ruiz-Barquin R, Rivera O. Exercise addiction in Spanish
athletes: Investigation of the roles of gender, social context and level of involvement. J Behav
Addict. 2013;2(4):249-52. doi: 10.1556/jba.2.2013.4.9.

21. Godoy-Izquierdo D, Ramirez MJ, Diaz I, Lopez-Mora C. A Systematic Review on
Exercise Addiction and the Disordered Eating-Eating Disorders Continuum in the Competitive
Sport Context. International Journal of Mental Health and Addiction. 2021. doi:
10.1007/s11469-021-00610-2.

22. Monserrat Hernandez M, Arjona Garrido A, Checa Olmos JC, Salguero Garcia D.
Relationship between Negative Running Addiction and Eating Disorder Patterns in Runners.
Nutrients. 2021;13(12):4344. doi: 10.3390/nu13124344.

23. Manore MM. Weight Management for Athletes and Active Individuals: A Brief
Review. Sports Med. 2015;45 Suppl 1(Suppl 1):S83-92. doi: 10.1007/s40279-015-0401-0.
PubMed PMID: 26553496.

24, Belinchén-deMiguel P, Ruisoto P, Knechtle B, Nikolaidis PT, Herrera-Tapias B,
Clemente-Suarez VJ. Predictors of Athlete's Performance in Ultra-Endurance Mountain Races.
Int J Environ Res Public Health. 2021;18(3). Epub 20210122. doi: 10.3390/ijerph18030956.
25. Alvero-Cruz JR, Carnero EA, Garcia MAG, Alacid F, Correas-Gémez L, Rosemann T,
et al. Predictive performance models in long-distance runners: A narrative review. International
Journal of Environmental Research and Public Health. 2020;17.

26. Henriksen K, Schinke R, Moesch K, McCann S, Parham William D, Larsen CH, et al.
Consensus statement on improving the mental health of high performance athletes. International
Journal of Sport and Exercise Psychology. 2020;18(5):553-60. doi:
10.1080/1612197X.2019.1570473.

27. Lundqvist C, Andersson G. Let's Talk About Mental Health and Mental Disorders in
Elite Sports: A Narrative Review of Theoretical Perspectives. Frontiers in Psychology. 2021;12.
doi: 10.3389/fpsyg.2021.700829.

28. Corey LMK. The Mental Health Continuum: From Languishing to Flourishing in Life.
Journal of Health and Social Behavior. 2002;43(2):207-22. doi: 10.2307/3090197.

29. Keyes CL. Mental illness and/or mental health? Investigating axioms of the complete
state model of health. J Consult Clin Psychol. 2005;73(3):539-48. doi: 10.1037/0022-
006x.73.3.539. PubMed PMID: 15982151.

30. Uphill M, Sly D, Swain J. From Mental Health to Mental Wealth in Athletes: Looking
Back and Moving Forward. Frontiers in Psychology. 2016;7. doi: 10.3389/fpsyg.2016.00935.




22

31. Scheer V, Rojas-Valverde D. Long-term health issues in ultraendurance runners: should
we be concerned? BMJ Open Sport Exerc Med. 2021;7(3):e001131. doi: 10.1136/bmjsem-
2021-001131.

32. Colangelo J, Smith A, Buadze A, Keay N, Liebrenz M. Mental Health Disorders in
Ultra Endurance Athletes per ICD-11 Classifications: A Review of an Overlooked Community
in Sports Psychiatry. Sports. 2023;11(3):52. PubMed PMID: doi:10.3390/sports11030052.

33. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ.
2021;372:n71. doi: 10.1136/bmj.n71.

34, Reardon CL, Hainline B, Aron CM, Baron D, Baum AL, Bindra A, et al. Mental health
in elite athletes: International Olympic Committee consensus statement (2019). Br J Sports
Med. 2019;53(11):667-99. doi: 10.1136/bjsports-2019-100715.

35. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al. Systematic
reviews of etiology and risk. In: Aromataris E, Z M, editors. Joanna Briggs Institute Reviewer's
Manual: The Joanna Briggs Institute; 2017.

36. Buck K, Spittler J, Reed A, Khodaee M. Psychological Attributes of Ultramarathoners.
Wilderness Environ Med. 2018;29(1):66-71. doi: http://10.1016/j.wem.2017.09.003.

37. Heeg TB, Olson EM, Skaggs K, Sainani K, Fredericson M, Roche M, et al. Prevalence
of Female and Male Athlete Triad Risk Factors in Ultramarathon Runners. Clin J Sport Med.
2022;32(4):375-81. Epub 20210705. doi: 10.1097/jsm.0000000000000956.

38. Folscher LL, Grant CC, Fletcher L, Janse van Rensberg DC. Ultra-Marathon Athletes at
Risk for the Female Athlete Triad. Sports Med Open. 2015;1(1):29. doi: 10.1186/s40798-015-
0027-7. PubMed PMID: 26380807; PubMed Central PMCID: PMCPMC4564455.

39. Belinchon-deMiguel P, Ruisoto P, Knechtle B, Nikolaidis P, Herrera-Tapias B,
Clemente-Suarez V. Predictors of Athlete's Performance in Ultra-Endurance Mountain Races.
Int J Environ Res Public Health. 2021;18(3). Epub 20210122. doi:
http://10.3390/ijerph18030956.

40. Hoffman MD, Krouse R. Ultra-obligatory running among ultramarathon runners. Res
Sport Med. 2018;26(2):211-21. doi: 10.1080/15438627.2018.1431533.

41. Martin T, Arnal PJ, Hoffman MD, Millet GY. Sleep habits and strategies of
ultramarathon runners. PLoS One. 2018;13(5):e0194705. doi: 10.1371/journal.pone.0194705.
42, Roebuck GS, Urquhart DM, Knox L, Fitzgerald PB, Cicuttini FM, Lee S, et al.
Psychological Factors Associated With Ultramarathon Runners' Supranormal Pain Tolerance: A
Pilot Study. J Pain. 2018;19(12):1406-15. doi: 10.1016/].jpain.2018.06.003.

43, Scheer V, Sousa CV, Valero D, Knechtle B, Nikolaidis PT, Valero E. A descriptive
study on health, training and social aspects of adults that participated in ultra endurance running
as youth athletes. J Sports Med Phys Fitness. 2020. doi: https://doi.org/10.23736/s0022-
4707.20.11198-8.

44, Allegre B, Therme P, Griffiths M. Individual Factors and the Context of Physical
Activity in Exercise Dependence: A Prospective Study of ‘Ultra-Marathoners’. International
Journal of Mental Health and Addiction. 2007;5(3):233-43. doi: 10.1007/s11469-007-9081-9.
45, Wirnitzer K, Boldt P, Wirnitzer G, Leitzmann C, Tanous D, Motevalli M, et al. Health
status of recreational runners over 10-km up to ultra-marathon distance based on data of the
NURMI Study Step 2. Sci Rep. 2022;12(1):10295. doi: http://10.1038/s41598-022-13844-4.
46. Mancine R, Kennedy S, Stephan P, Ley A. Disordered Eating and Eating Disorders in
Adolescent Athletes. Spartan Med Res J. 2020;4(2):11595. Epub 20200130. doi:
10.51894/001¢.11595. PubMed PMID: 33655166; PubMed Central PMCID:
PMCPMC7746069.

47. Lichtenstein MB, Melin AK, Szabo A, Holm L. The Prevalence of Exercise Addiction
Symptoms in a Sample of National Level Elite Athletes. Frontiers in Sports and Active Living.
2021;3. doi: 10.3389/fspor.2021.635418.

48. Mancine RP, Gusfa DW, Moshrefi A, Kennedy SF. Prevalence of disordered eating in
athletes categorized by emphasis on leanness and activity type — a systematic review. Journal of
Eating Disorders. 2020;8(1):47. doi: 10.1186/s40337-020-00323-2.




23

49. Sundgot-Borgen J, Torstveit MK. Prevalence of eating disorders in elite athletes is
higher than in the general population. Clin J Sport Med. 2004;14(1):25-32. doi:
10.1097/00042752-200401000-00005.

50. Margo M, Jorunn Kaiander S-B, Louise MB, Kathryn EA, Cheri B, Naama C, et al.
IOC consensus statement on relative energy deficiency in sport (RED-S): 2018 update. British
Journal of Sports Medicine. 2018;52(11):687. doi: 10.1136/bjsports-2018-099193.

51. Thuany M, Gomes TN, Almeida MB. Is there any difference between “amateur” and
“recreational” runners? A latent class analysis. Motriz, Rio Claro2020.

52. Petrie TA, Greenleaf CA. Eating disorders in sport: From theory to research to
intervention. Handbook of sport psychology, 3rd ed. Hoboken, NJ, US: John Wiley & Sons,
Inc.; 2007. p. 352-78.

53. Micklesfield LK, Hugo J, Johnson C, Noakes TD, Lambert EV. Factors associated with
menstrual dysfunction and self-reported bone stress injuries in female runners in the ultra- and
half-marathons of the Two Oceans. Br J Sports Med. 2007;41(10):679-83. Epub 20070511. doi:
10.1136/bjsm.2007.037077. PubMed PMID: 17496067.

54. Griffiths MD, Szabo A, Terry A. The exercise addiction inventory: a quick and easy
screening tool for health practitioners. British Journal of Sports Medicine. 2005;39(6):¢30. doi:
10.1136/bjsm.2004.017020.

55. Zeulner B, Ziemainz H, Beyer C, Hammon M, Janka R. Disordered Eating and Exercise
Dependence in Endurance Athletes. Advances in Physical Education. 2016;6(2). doi:
10.4236/ape.2016.62009.

56. Reche C, De Francisco C, Martinez-Rodriguez A, Ros-Martinez A. Relacion entre
variables sociodemograficas y deportivas, dependencia del ejercicio y burnout: un estudio
preliminar en deportistas. Anales de Psicologia / Annals of Psychology. 2018;34(2):398-404.
doi: 10.6018/analesps.34.2.289861.

57. Bingol E, Bayansalduz M. Evaluating the Level of Exercise Dependence and
Psychological Resilience of Athletes from Different Branches. The Anthropologist.
2016;24(3):827-35. doi: 10.1080/09720073.2016.11892079.

58. Hailey B, Bailey L. Negative Addiction in Runners: A Quantitative Approach. Journal
of Sport Behavior. 1982;5.

59. Everard WT, Scott SE. Motivation in the committed runner: correlations between self-
report scales and behaviour. Health promotion international. 1995;10.

60. Junior LCH, Pillay JD, Mechelen WV, Verhagen E. Meta-Analyses of the Effects of
Habitual Running on Indices of Health in Physically Inactive Adults. Sports Med.
2015;45(10):1455-68. doi: 10.1007/s40279-015-0359-y.

61. Oswald F, Campbell J, Williamson C, Richards J, Kelly P. A Scoping Review of the
Relationship between Running and Mental Health. International journal of environmental
research and public health. 2020;17(21):8059. doi: 10.3390/ijerph17218059.

62. Keating LE, Becker S, McCabe K, Whattam J, Garrick L, Sassi RB, et al. Effects of a
12-week running programme in youth and adults with complex mood disorders. BMJ Open
Sport & Exercise Medicine. 2018;4. doi: 10.1136/ bmjsem-2017-000314.

63. Fossati C, Torre G, Vasta S, Giombini A, Quaranta F, Papalia R, et al. Physical
Exercise and Mental Health: The Routes of a Reciprocal Relation. Int J Environ Res Public
Health. 2021;18(23). doi: 10.3390/ijerph182312364. PubMed PMID: 34886090.

64. Akesdotter C, Kenttd G, Eloranta S, Franck J. The prevalence of mental health problems
in elite athletes. J Sci Med Sport. 2020;23(4):329-35. doi: 10.1016/j.jsams.2019.10.022.

65. Gorczynski PF, Coyle M, Gibson K. Depressive symptoms in high-performance athletes
and non-athletes: a comparative meta-analysis. Br J Sports Med. 2017;51(18):1348-54. doi:
10.1136/bjsports-2016-096455.

66. Bratland-Sanda S, Sundgot-Borgen J. Eating disorders in athletes: overview of
prevalence, risk factors and recommendations for prevention and treatment. Eur J Sport Sci.
2013;13(5):499-508. doi: 10.1080/17461391.2012.740504.



24

67. Dumitru D, Dumitru T, Maher A. A systematic review of exercise addiction: examining
gender differences. Journal of Physical Education and Sport. 2018;18:1738-47. doi:
10.7752/jpes.2018.03253.

68. Knechtle B, Tanous DR, Wirnitzer G, Leitzmann C, Rosemann T, Scheer V, et al.
Training and Racing Behavior of Recreational Runners by Race Distance-Results From the
NURMI Study (Step 1). Front Physiol. 2021;12. doi: 10.3389/fphys.2021.620404. PubMed
PMID: 33613312; PubMed Central PMCID: PMCPMC7890117.

69. Sinisgalli R, de Lira CAB, Vancini RL, Puccinelli PJG, Hill L, Knechtle B, et al. Impact
of training volume and experience on amateur Ironman triathlon performance. Physiology &
Behavior. 2021;232:113344. doi: https://doi.org/10.1016/j.physbeh.2021.113344.

70. Fokkema T, Damme AAv, Fornerod MW, Vos R, Bierma-Zeinstra SMA, Middelkoop
Myv. Training for a (half-)marathon: Training volume and longest endurance run related to
performance and running injuries. Scandinavian Journal of Medicine & Science in Sports.
2020;30:1692-704. doi: 10.1111/sms.13725.

71. Attila S, Amit P, Mark DG, Rita K, Zsolt D. The psychometric evaluation of the
Revised Exercise Addiction Inventory: Improved psychometric properties by changing item
response rating. J Behav Addict. 2019;8(1):157-61. Epub 20190328. doi:
10.1556/2006.8.2019.06. PubMed PMID: 30920295.

72. Marques A, Peralta M, Sarmento H, Loureiro V, Gouveia ER, Gaspar de Matos M.
Prevalence of Risk for Exercise Dependence: A Systematic Review. Sports Med.
2019;49(2):319-30. doi: 10.1007/s40279-018-1011-4.

73. Nikolaidis PT, Knechtle B. Age of peak performance in 50-km ultramarathoners - is it
older than in marathoners? Open Access J Sports Med. 2018;9:37-45. Epub 20180301. doi:
10.2147/0ajsm.S154816.

74. Gouttebarge V, Bindra A, Blauwet C, Campriani N, Currie A, Engebretsen L, et al.
International Olympic Committee (I0C) Sport Mental Health Assessment Tool 1 (SMHAT-1)
and Sport Mental Health Recognition Tool 1 (SMHRT-1): towards better support of athletes’
mental health. British Journal of Sports Medicine. 2021;55(1):30. doi: 10.1136/bjsports-2020-
102411.




Table 2. Summary of the studies included
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Author Design Sample characteristics Race characteristics Variables Main results (mean = SD or %) Associated factors/outcomes
(year) assessed
Belinchon- Cross-sectional Total sample: 448 runners Ultra-endurance mountain Perceived stress Perceived stress: No differences were found in
de-Miguel G1: <45km (37.9+7.3 y); (Valls d’Aneu Ultratrail - General mental G1:17.1£7.0 psychological variables between the
et al. (2021) G2:45-90km (39.2+£6.9 92 km-long); Emmona health G2: 14.7+£6.8 groups.
[39] y); G3: >90 km (41.0+7.2 Ultratrail (130 km-long); G3:17.3£6.8 No association between psychological
y) Canfranc-Canfranc variables and performance.
Ultraendurance Mountain General mental health:
Race (100 km-long); Great G1:14.0+6.4
Trail of Pefalara, (114 km- G2:12.8+6.1
long), Gruseg Trail (51 G3: 14.0£6.4
km-long); Extremadura
Mountain Federation
Circuit (Including races
from 6 km to 72 Km)
Buck et al. Cross-sectional Total sample: 98 runners Ultramarathon (Bear Chase  Exercise Risk for exercise addiction: 18.2% No significant relationship between
(2018) [36] (60.2% male; 39.0+8.9 y) Trail Race - 50 km, 50 addiction Depressive symptoms: 18.6% overall exercise addiction risk and
miles, 100 km) Depressive completion status, sex, and age exists.
symptoms Mood modification and tolerance were
not significantly related to the overall
EAI (exercise addiction inventory)
score.
No differences existed between entrants
in the 3 events (50k, 50 miles, and 100k)
concerning EAI Scores.
Folscher et Cross-sectional Total sample: 306 runners Comrades Marathon Eating disorder No eating disorder: 68% A higher score to triade risk correlates
al. (2015) (39.4£7.9y) (89km) Subclinical eating disorder: 26.8% negatively with faster race performance.
[38] Clinical eating disorder: 5.2% A higher disorder eating behaviour
scores correlate positively with triade
risk scores, weight, and BMI.
Hoeg et al. Cross-sectional Total sample: 123 runners Ultramarathon Western Eating disorder Eating disorders among women: 62.5%; No association between disordered
(2021) [37] (83 males —46.2+ 103 y; States Endurance Eating disorders among men: 44.5%; eating risk score and low BMI or low
40 females — 41.8 £7.6y)  Run (100 miles) Moderate-to-high athlete triad cumulative risk bone mineral density.
score among women: 66.7%;
Moderate-to-high athlete triad cumulative risk
score among men: 34.8%
Hoffman Cross-sectional Total sample: 1349 runners ~ Ultramarathon (>50km) Anxiety G1: Anxiety (9.9%); Depression (13.1%);
and Krouse G1: “Yes”(47.3 y) Depression Alcoholism (4.3%)
(2018) [40] G2: “No” (433 y) Alcoholism G2: Anxiety (7.6%); Depression (12.8%);

Drug abuse

Alcoholism: (3.3%)
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Martin et al. ~ Cross-sectional Total sample: 636 runners Ultramarathon Sleep disorder Sleep disturbances: 24.5% No association between sleep problems
(2018) [41] (541 males; 95 females; 18 and age category, or time of day when
to >60y) training was performed.
Relationship between sleep problem and
sex (more women reporting sleep
problems than men).
Roebuck et Cross-sectional Total sample: 40 Ultramarathon (>50km) Pain Ultra-runner Ultrarunners showed more pain
al. (2018) participants (20 catastrophizing PSC tolerance and reduced pain-related
[42] ultrarunners - 9 males, 11 (PSC) Rumination: 3.85 + 2.56; anxiety and pain-related escape and
females; 42.5+7.8 y; Pain-related Magnification: 1.95 + 1.15; avoidance behaviors.
20 control - 9 males, 11 anxiety (PASS) Helplessness: 3.75 + 3.23.
females; 40.2+8.5 y) Pain vigilance and PVAQ: 29.25 + 15.77.
awareness PASS
(PVAQ) Cognitive anxiety: 6.30 + 4.28;

Pain resilience
(PRS)

Escape and avoidance behavior: 4.40 + 2.56;
Fearful thinking: 3.40 + 3.08;

Physiological anxiety: 3.40 £2.76;

PRS

Behavioral perseverance: 33.85 + 12.31;
Cognitive/affective positivity: 25.85 + 6.01

Control group

PSC - Rumination: 5.55 + 3.03; Magnification:

3.00 +£2.08;

Helplessness: 5.55 + 4.43.

PVAQ: 37.45 + 13.67.

PASS

Cognitive anxiety: 10.05 + 4.98;

Escape and avoidance behavior: 10.20 + 5.74;
Fearful thinking: 6.40 + 5.02;
Physiological anxiety: 6.70 £ 5.27;

PRS

Behavioural perseverance: 29.15 + 13.25;
Cognitive/affective positivity: 24.25 + 6.41

Scheer et al.
(2020) [43]

Retrospective

Initial sample: 78 runners
(before 19 y)

Current sample: 48 runners
(aged: 38.0 £ 12.0 years)

>42.192km, >6h or

multi-day/multi-stage

Psychological
health

Anxiety:12.8%
Depression:12.8%
Exercise addiction: 11.5%
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Szabo etal.  Cross-sectional Total sample: 242 athletes Ultramarathon Exercise Exercise addiction for sports science athletes: *The volume of weekly exercise is not
(2013) [20] (non-sport-oriented addiction 7%; related to exercise addiction in
university athletes: 90; Exercise addiction of non-sport science ultrarunners.
Sports science university university athletes: 10% (8.8% of all university
athletes: 57; Elite ultra- athletes);
marathoners: 95) Exercise addiction of elite runners: 17%
Wirnitzer et Cross-sectional Total sample: 245 Ultramarathon Stress perception Stress perception *Half-marathoners reported lower
al. (2022) endurance runners (104 10 km: 44% perception of pressure and stress
[45] males, 141 females; 39 + Half-marathoners: 27% compared to 10-km runners and
17 y); 65 marathoners or Marathoners/ultramarathoners: 42% marathoners/ultra-marathoners.
ultramarathoners (62% *No significant association between
male, 38% female) race distance and mental health
Allegre et Prospective Total sample: 95 runners Ultramarathon (100 km) Exercise Exercise dependence: 54.46+16.36 *The strongest predictors of exercise
al. (2007) (86 men; 9 women; Dependence At-risk for exercise dependence: 3.2%; dependence were exercise in the city in
[44] 43.4£109y) Non-dependent-symptomatic: 61.1% an unstructured space, age, and BMI.

Nondependent-asymptomatic: 30.5%

*Moderate amount of physical activity
and a total time of physical activity
predicted exercise dependence.

SD: Standard deviation; y: years; BMI: Body Mass Index; EAI: Exercise Addiction Inventory; G1: group 1; G2: group 2; G3: group 3; PSC: Pain Catastrophizing; PASS: Pain-Related Anxiety; PVAQ: Pain Vigilance
and Awareness; PRS: Pain Resilience. Group “Yes” and “No” of the study for Hoffman and Krouse [40] were based on the question “If you were to learn, with absolute certainty, that ultramarathon running is bad for
your health, would you stop your ultramarathon training and participation?”



