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Abstract

disabled individuals are also discussed.

Introduction

The Marathon as we know it today exists since the late 19th
century. It is essentially a long-distance race of 42 kilometers
(42.195 kilometers) usually performed on the road. It can be
completed by running or running/walking for able-bodied persons
as well as by wheel chairing for disabled individuals. About 800
marathons are held each year worldwide. Most of the competitors
are recreational athletes. Progressively, over the years, long-
distance races have become even harder. In the late 80s and early
90s - e.g., ultra-marathons (e.g., 100 kilometers), triathlons and
Ironman races (1.5 kilometer swim, 40 kilometer bike ride and
10 kilometer run), or ultra-triathlons (e.g., the Uber Man created

The benefits of exercising are well-recognized-experts and governmental health agencies agree that regular endurance training
generally reduces the risks of metabolic and cardiovascular diseases. In turn, the consequences of a sedentary lifestyle and physical
inactivity caused by disease or trauma are also well-documented- e.g., walking or being moderately active physically less than 30
minutes per day generally increases the risks of developing obesity, infections, osteoporosis, metabolic disorders, cardiovascular
problems, and dyslipidemia in able-bodied persons. However, the threshold levels of exercising for meaningful health benefits in
people suffering from paralysis or the upper limits of endurance training beyond which, injuries, sequelae, and long-term secondary
problems that may be induced in able-bodied and people with disabilities remain unclear. This said, it is becoming increasingly clear
that significant health problems including severe stress injuries and sudden heart failures may be experienced during long-distance
running - e.g., marathons, triathlons, and ultra-triathlons. This review summarizes data on injuries and fatal events associated with
endurance exercise training. Impacts on the immune, cardiovascular, respiratory, and musculoskeletal systems in disabled and non-
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in 2017 is composed of a 33 kilometer swim, a 643 kilometer bike
ride, and a 217 kilometer run).

Until recently, it was generally believed that marathon runners
were not particularly at risks for cardiovascular and respiratory
problems since cardiac deaths were reported to be almost non-
significant’ Maron et al. [1]. However, as exciting and healthy as it
may look like, marathons can alter the function of several biological
systems and organs. It is not uncommon indeed for runners
to experience acute musculoskeletal injuries, gastrointestinal
problems, and life-threatening hyponatremia Sanchez et al. [2].
The latter is increasingly encountered due to overhydration with
hypotonic fluids.
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The recent enthusiasm for extreme events such as triathlons,
ultra-marathons, and ultra-triathlons has enabled more data to be
generated and new findings to be made. Among them, the number

of injuries and fatal deaths has increased significantly.

For instance, sudden cardiac death (SCD) is described as an
event that is non-traumatic, non-violent, unexpected and resulting
from sudden cardiac arrest within six hours of previously witnessed
normal health.

Prolonged exercise can trigger unheralded ventricular
arrhythmias and SCD in individuals without no previous heart
problems. In apparently healthy long-distance runners, the
incidence of SCD ranges may reach 1:15,000 per year. SCD is more
frequent in male and black athletes as well as in older individuals

Kim et al,, Ghio et al. [3, 4].

The heart of lifelong male endurance athletes generally contains
more plaque or other signs of heart problems (e.g, myocardial
fibrosis, late gadolinium enhancement), such as scarring and
inflammation, than the hearts of less active men of the same age.

Physiological adaptations to triathlon and ultramarathon
training include increased left ventricular cavity size and/or
wall thickness. However, after a competition, cardiac problems
associated with heart muscle fatigue may be found. Musculoskeletal
adaptations to proper training include increased muscle
respiratory capacity and substrate utilization modifications.
The musculoskeletal system is the site of most injuries for those
performing high endurance exercise training - i.e., non-traumatic
overuse injuries are found in 80 to 85% of the musculoskeletal
injuries. An imbalance caused by overly intensive training and
inadequate recovery leads to a breakdown in tissue reparative

mechanisms and eventually to overuse injuries Cosca et al. [5].

Overuse injuries associated with inflammatory mechanisms
are also often found. They include patellofemoral pain syndrome,
iliotibial band friction syndrome, medial tibial stress syndrome,
Achilles tendinopathy, plantar fasciitis, and lower extremity
stress fractures. Moreover, endurance athletes are more at risk
for exercise-associated medical conditions, including exercise-
induced asthma, exercise-associated collapse, and overtraining
syndrome. Exercise-induced immunodepression and exaggerated
inflammatory response Castell et al. [6] affecting the upper
respiratory tract and the gastrointestinal system may also be
found - e.g., intensive triathlon training induces low peripheral
CD34+ stem cells Phillip et al. [7]. Endurance athletes often quickly
develop exercise-induced bronchoconstriction, two- or three-
fold greater (incidence) than the rate of asthma in the general
population Knopfli et al. [8]. Overall, up to 70% of recreational and
competitive runners sustain overuse injuries during any 12-month

period (Australian Sports Commission’s 2006).

It was clearly demonstrated recently by a large-scale study
with more than 9 million participants that SCD affected that is 135
people Harris et al. [9]. The victims were 47 years of age on average,
and 85 percent were male. Overall, 90 deaths and cardiac arrests
occurred during the swimming portion of races. The incidence of
cardiovascular events was strikingly lower in female triathletes,
3.5-fold less than in men. Several experts believe that they may
constitute an underestimation of the reality since only data from
the finishers were considered. Yet, it shows that deaths and SCD
during long-distance events are not rare Harris et al. [9].

In people living with disabilities such as with paralysis
caused by a spinal cord injury (SCI), the consequences of physical
inactivity are also well-known-within a few weeks to a few months
post-injury, several organs and systems including bones, muscles,
immune cells, guts, skin, brain, blood cells, and heart, generally
undergo significant dysregulations that lead to the development of
chronic diseases and polymorbidity problems. Many of those so-
called ‘secondary complications’ are not associated with the injury
per se but, instead, with the main consequence of physical inactivity
mainly in completely paralyzed patients Wilson et al. [10].

Extensive work, mainly from Bauman, has characterized
the extent after SCI of lean body mass loss, bone loss, fractures,
adiposity increase, obesity, anabolic hormone decrease, insulin
resistance, hypertension, cholesterol, incidence of type II diabetes,
cardiovascular problems, anxiety and depression Bauman et al.
; Bauman [11, 12]; Battalio et al. [13]. Immunodeficiency and its
role in frequent infections (e.g, UTIs, skin sores, septicaemia,
pneumonia) and premature death has also been established
Brommer et al. [14]. Overall, 19 classes of drugs and 300 different
compounds are used against chronic comorbidities post-SCI
Rouleau et al. [15].

Although it has clearly been shown in able-bodied persons with
a sedentary lifestyle that significant exercise training such as active
walking more than 30 minutes per day can prevent or reverse these
problems, comparable effects for those with SCI are incompletely
characterized Krassioukov etal. [16]. Yet, it was shown in paraplegic
mice treated with Spinalon, an experimental tritherapy that
activates during 30 minutes the spinal locomotor networks, that
an increase of muscle mass (25%), femoral bone mineral density
(10%), red blood cells/haematocrit levels (10%), and lymphocyte
counts (25%) occurs after just a few weeks of metabolically
challenging exercising on a treadmill induced pharmacologically
Guertin et al. [17]; Ung et al. [18]. Preliminary evidence of efficacy

in patients was recently reported also Radhakrishna et al. [19].

In patients with less severe injuries (incomplete SCls),
specialized rehabilitation approaches such as body-weight-
supported treadmill training (BWSTT, Barbeau et al. [20]; Wernig

et al. [21] and functional electrical stimulation (FES) biking have
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been shown to improve voluntary walking capabilities via long-
lasting effects on spinal plasticity as well as cardiovascular and
cardiometabolic functions, to some extent Coupaud et al. [22];
Kapadia et al. [23]; Graham et al. [24].

However, for those with severe SCIs, BWSTT and FES used
separately do not generally induce comparable health benefits
although small effects can occasionally be found Frotzler et al.
[25]. For instance, epidural stimulation (ES) + BWSTT was recently
shown in 4 volunteers with AIS-B injuries to increase lean body
mass, decrease body fat, and improve android/gynoid ratio,
resting metabolic rate and VO2 max Terson de Paleville et al. [26].
BWSTT+exoskeletons (EXs) in 5 volunteers with SCI provided
preliminary evidence of moderate benefits on VO2 max and peak
heart rates Evans et al. [27].

All in all, it appears that medical devices used alone or with
BWSTT can lead, to some extent, to detectable but moderate
benefits essentially in individuals with incomplete SCIs. However,
with complete SCIs, these approaches are promising, but not yet
ideally suited for significant metabolic outcomes Ditors et al. [28];
Ter Woerds et al. [29]; van Duijnhoven et al. [30] suggesting that
other combinatorial approaches such as drug + device need to be
explored Gerasimenko et al. [31]; Freyvert et al. [32]; Bloch [33].

Concluding Remarks

The long-term consequences on health degradation and
system/organ dysregulations of physical inactivity or of a sedentary
lifestyle are undisputable. In able-bodied persons, walking daily
more than 30 minutes is generally recognized as the threshold
level for preventing those complications. However, for disabled
and particularly for wheelchair-bound persons -e.g., with a severe
SCI- the threshold for preventing polymorbidities, systemic
dysregulations, and overmedication problems remains unclear and
is currently being explored. New solutions using pharmacological,
robotic, and electrical approaches as combinatorial therapies are
promising. In turn, for able-bodied and wheelchair athletes capable
of performing long-distance competitions such as marathons,
ultra-marathons, and other comparable events, the risk of deaths
is significant but relatively low. In turn, the incidence of myocardial
fibrosis and other cardiac problems is high over time as well as the
incidence of overuse problems that is by far the more important
type of injuries.
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