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Resumen

Objetivo: Describir las características físicas y fisiológicas de un grupo de corredores de ultradistancia, comparar sus hábitos 
de entrenamiento con las directrices establecidas por la OMS y estudiar las posibles consecuencias lesivas del alto volumen 
de ejercicio físico realizado.
Material y método: Muestra compuesta por corredores que repitieron participación en las carreras de ultradistancia Ehun-
milak de 2017 y 2018. Se analizaron datos recogidos mediante los informes médicos de la carrera y un cuestionario creado 
específicamente para este estudio. Para el análisis de variables, se utilizaron las pruebas de U de Mann-Whitney y Chi-cuadrado, 
con un intervalo de confianza del 95%. Un valor de p <0,05 fue considerado estadísticamente significativo. 
Resultados: Se observó baja prevalencia de varios factores de riesgo conocidos (HTA 1,8%, DM 0%, dislipemia 0-1,8%, 
tabaquismo 5,3-10,5%, sobrepeso 17,5%). Durante los dos últimos años, el 0% sufrió lesiones cardiovasculares y el 52,6% 
lesiones musculoesqueléticas. Los exámenes médicos son realizados con frecuencia, cada año por el 91,2%. El 72% cumplió 
con las últimas recomendaciones de la OMS en cuanto a volumen de ejercicio físico. Por último, no se encontró relación 
entre los parámetros que indican gran volumen de ejercicio físico y el resultado del ECG. Lo mismo ocurrió con las lesiones 
musculoesqueléticas, aunque en este caso se observaron relaciones significativas con el IMC (p=0,004) y la intensidad del 
entrenamiento (p=0,009).
Conclusiones: Se observó que el grupo de corredores estudiado goza de buena salud y que sus hábitos de entrenamiento 
son correctos, acorde a las últimas recomendaciones de la OMS. Además, sus características y hábitos de entrenamiento no 
mostraron relación con el riesgo de desarrollar un ECG patológico o de sufrir lesiones musculoesqueléticas, exceptuando la 
relación significativa que mostraron el IMC y la intensidad del entrenamiento con estas últimas. 
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Summary

Objective: To describe the physical and physiological characteristics of a group formed by ultra-distance runners, to compare 
their training habits with the guidelines established by the WHO and to study the possible harmful consequences of the high 
volume of physical activity performed.
Material and method: The sample was formed by runners who repeated their participation in the “Ehunmilak” ultra-distance 
race in 2017 and 2018. Data collected through the medical certificates of the race and an own questionnaire were analyzed. 
For the analysis of variables, the Mann-Whitney U and Chi-square tests were used, with a 95% confidence interval. A value of 
p <0.05 was considered statistically significant.
Results: A low prevalence of several well known risk factors was observed (HT 1.8%, DM 0%, dyslipidemia 0-1.8%, smoking 
5.3-10.5%, overweight 17.5%). During the last two years, 0% suffered cardiovascular injuries and 52.6% suffered musculoskeletal 
injuries. Medical examinations were performed frequently, each year by 91.2%. 72% complied with the latest WHO 
recommendations regarding volume of physical activity. Finally, no relationship was found between the parameters that 
indicate a high volume of physical exercise and the ECG result. The same occurred with musculoskeletal injuries, although in 
this case significant relationships were observed with BMI (p = 0.004) and training intensity (p = 0.009).
Conclusions: It was observed that the group of runners studied is in good health and that their training habits are correct, 
according to the latest WHO recommendations. In addition, their characteristics and training habits did not show a relationship 
with the risk of developing a pathological ECG or suffering musculoskeletal injuries, except for the significant relationship that 
BMI and training intensity showed with the latter.
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Introduction

Inactivity, a sedentary lifestyle and poor physical shape are con-
sidered independent high-risk factors for mortality due to any cause, 
cardiovascular pathology or cancer, this can present estimated risks 
similar to other well-defined entities such as smoking, arterial hyper-
tension (AHT), hyperglycaemia on an empty stomach or a high body 
mass index (BMI).1,2

Consequently, physical activity provides undeniable health bene-
fits: it reduces mortality for any reason, the lethality and incidence of 
cardiovascular diseases and many cancers, also AHT and diabetes me-
llitus (DM).2-7 Benefits have also been demonstrated for mental health, 
reducing anxiety and depression, improving cognitive function and the 
risk of suffering dementia.3,8,9 

However, some sports such as ultramarathons, demonstrate the 
need to investigate the limits of excessive physical exercise. The ultra-
marathon, a race that exceeds the 42 km marathon, is a discipline that 
has seen a boom in events, and so also participants, over the last few 
years.10 As one example, 2 of these races were run in North America 
1979 and more than 50 in 2008.

Various studies endorse the concept that individuals capable of 
completing this calibre of race are healthier than the general popu-
lation and have less need for medical attention. Apart from asthma 
and allergies, they suffer from fewer chronic diseases (cancer, coronary 
diseases, heart attacks, DM and AIDS among others), they have lower 
absenteeism, and they require less use of the health system.10-12

Nevertheless, this extreme sport also carries some risks. In the 
short term, the stress that the body suffers during the race leads to 
an acute phase reaction,13 although most changes are transitory.14 
Musculoskeletal,15-17 digestive18-22 and dermatological22,23 disorders are 
usual; although cardiovascular,24,25 renal,15,26 hepatic27,28 or blood29,30 
anomalies also appear.

Even so, the anomalies that cause the most concern are possible 
long term damage, where once again the musculoskeletal system 
is one of the most affected due to the great stress on bones and 
joints, increasing the risk of osteoarthritis31-33 or stress fractures among 
others.33 A special mention should also go to the “triad of the female 
athlete”,34,35 asthma36 and allergies.37 However, the greatest interest has 
been aroused by cardiovascular injuries, given that recently a U-shaped 
dose-response relationship has been suggested between the intensity 
of physical exercise and cardiovascular morbidity.38 One of the most 
accepted theories is a direct association between extreme physical 
exercise and atrial fibrillation (AF),39-41 although other studies have also 
proposed a J-shaped relationship between the volume of the physical 
activity and the risk of AF.42,43 On the other hand, it has been described 
that athletes doing resilience sports for many years have a greater 
prevalence for arteriosclerosis plaque in their arteries, although they 
have a lower risk profile.44,45 

In this respect, given the growing importance of this sporting 
discipline and the need to continue researching it, this study proposes 

to describe the physical and physiological characteristics of a group of 
ultradistance runners, determine if their training habits can be consi-
dered healthy and finally study the possible harmful consequences of 
this high volume of physical exercise. 

The latest WHO recommendations will be taken, published in late 
2020,3 to work out if these training habits are healthy. In the case of 
healthy adults (18-64 years old), they recommend a minimum of 150-300 
minutes of moderate aerobic physical activity, a minimum of 75-150 mi-
nutes of intense aerobic physical activity or an equivalent combination of 
the two each week. Even so, the same recommendations have observed 
a drop in mortality due to any cause with moderate-intense physical 
activity of up to 750 minutes per week, a limit that was considered to 
determine whether the training volume remains healthy.  

Material and method

This is a descriptive observational study of a cohort of ultradistance 
runners The sample comprises individuals who had taken part for two 
consecutive years (2017-2018) in the Ehunmilak Ultra Trail race. This 
is an ultradistance mountain race that takes place around towns in 
Gipuzkoa, with a circular route of 172 Km, climbing 11.000 m in total. 
The sample size was 57 participants, with an alpha level defined as 0.05 
and a statistical power of 95%.

The inclusion criteria for the sample selection were as follows: ha-
ving taken part in the Ehunmilak race in both 2017 and 2018; presenting 
the race’s medical report signed by a doctor as suitable to compete and 
a 12-lead electrocardiogram (ECG) at rest; having signed the relevant 
permission to send data to the race organisation for research and having 
properly filled in the questionnaire received by mail.

The work was accepted by the research ethics committee from 
Donostia Hospital and met the current data protection law. Study 
participants remained anonymous at all times during the data transfer 
from the Ehunmilak ultradistance race organisation, identified only by 
alphanumerical codes.

The medical report consists of a printed form with various sections 
to be filled out. In addition to the relevant administrative data, they 
must provide information on the following parameters: allergies, AHT, 
DM, dyslipidaemia, smoking habits, weight, height, family history of 
ischemic heart disease, history of syncope due to physical exercise, 
usual treatment, resting heart rate and blood pressure. Furthermore, it 
is optional but recommended to provide information on completing an 
echocardiogram and stress test. This report must come with a 12-lead 
ECG carried out at rest. 

The questionnaire sent to the participants requested information on 
their sporting experience (when they first took part in an ultramarathon, 
number of events in total, how many of them were completed and if 
they are currently doing physical exercise), training habits (weeks of rest 
per year, total training hours per week, hours of purely aerobic training 
per week, proportion of weekly training carried out over the anaerobic 
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threshold, complementary strength training or other type, stretches and 
physiotherapy), medical examinations (frequency of medical check-ups, 
resting ECG, stress ECG and echocardiogram) and musculoskeletal and 
cardiovascular injuries suffered over the last two years (2019-2020).

The statistical analysis on the data uses the SPSS Statistics computer 
program, version 25. To analyse the numerical variables, descriptive 
statistics procedures were used (calculation of central trend and dis-
persion measurements and frequency calculations). Subsequently, the 
quantitative variables and their association were analysed using the 
Mann-Whitney U test and the categorical variables and their associa-
tion using Chi-squared. A value of p<0.05 was considered statistically 
significant for all the analyses.  

Results

113 patients were recruited who met the criteria to receive the 
questionnaire by mail. 68 sent their questionnaire back and 11 were 
excluded because it was not properly filled out. Finally, 57 patients were 
included in the study, of which 53 were men and 4 were women. The 
average sample member had the profile of a healthy runner described in 
other works:10-12 43.96 years old, normal weight with a Body Mass Index 
(BMI) of 23.31, 53 bpm and blood pressure of 120/70. Table 1 shows the 
distribution of the numerical variables in the study sample.

Table 2 presents the categorical variables, comparing them in 2017 
and 2018, and shows the results from the questionnaire carried out in 
2020. Regarding the medical report data, little variability was observed 

from one year to another, with small changes in the prevalence of 
allergies, smoking, dyslipidaemia and excess weight among others. 
The training habits showed that most athletes rest for ≤4 weeks a year 
(56.1%) and train between 8-13 hours a week (59.7%), and that cross 
training was usual (56.1% cycling, 63.2% strength and 61.4% stretching). 
Furthermore, a great tendency was observed to get medical check-ups, 
as the majority underwent a medical examination (91.2%), resting ECG 
(70.2%) and stress test (70.2%) every year. 

No member of the sample mentioned that they had suffered 
cardiovascular injuries over the previous two years. Consequently, 
electrocardiographs were used to study the relationship of the different 
variables with possible cardiac damage. Although the changes in the 
ECG were initially compiled in three categories (normal, physiological 
alterations caused by the physical exercise and pathological), they 
were cut back to two categories to make the associations (normal and 
pathological). To identify pathological ECGs, guidelines were followed 
that were proposed by international consensus on interpreting the 
athlete’s ECG, as a result of the consensus of experts in cardiology and 
sports medicine who met in Seattle (USA) in 2015.46 In this way, as 
compiled in Table 3, using the Mann-Whitney U test, no relationship 
was observed between the different variables and the ECG. However, 
the relationship between the number of participants in ultramarathons 
and ECG was very close to the proposed level of statistical signification 
(p=0.053); given that the number of participations in the normal ECG 
group was 4.75±3.16, compared to 7.80±3.49 from the group with a 
pathological ECG.

Table 1. Distribution of the numerical variables in the study sample.

Medical certificate
Variables N N* Mean±SD Median Min. Max..

Current age (years) 57 0 43.96±8.63 44 29 67
Weight (Kg) 57 0 71.18±8.4 73 47 86
Height (cm) 57 0 174.6±7.59 174 155 193
BMI (Kg/m2) 57 0 23.31±2.04 22.91 18.94 29.41
Resting HR (bpm) 57 0 53.72±9.67 53 32 78
SBP (mmHg) 57 0 120.14±11.24 120 90 155
DBP (mmHg) 57 0 71.86±8.61 70 55 90

Questionnaire
Variables N N* Mean±SD Median Min. Max.

First participation  57 0 2015±2.43 2016 2010 2017
Participations in UM 57 0 5.02±3.28 4 0 14
No. of UM completed 57 0 3.46±3.34 2 0 13
Rest (weeks/year) 55 2 5.44±4.73 4 0 20
Weekly training over the AT (%) 48 9 14.88±10.63 11 0 50
Rest due to musculoskeletal injuries (weeks/year) 32 25 3.87±5.51 2 0 20
Rest due to cardiovascular injuries (weeks/year) 57 0 0±0 0 0 0

BMI: Body Mass Index; HR: Heart rate; SBP: Systolic blood pressure;     
DBP: Diastolic blood pressure; UM: Ultramarathon; AT: anaerobic threshold; N: valid cases;
N*: non valid cases; SD: standard deviation
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Table 2. Distribution of the qualitative variables (2017-2018) and questionnaire results (2020).

                      Medical certificate                                               Questionnaire

Año                               2017                                                 2018                                      2020

Variables N % N % Variables N %

Gender        Participations  
       Male 53 93 53 93        1-4 32 56.1
       Female 4 7 4 7        5-9 19 33.3
Age groups               ≥10 6 10.5
       <30 3 5.3 0 0 Currently doing sport 
       30-39 16 28.1 17 29.8        Yes 57 100.0
       40-49 26 45.6 24 42.1        No 0 0.0
       50-59 9 15.8 13 22.8 Reduction due to health 
       ≥60 3 5.3 3 5.3        Yes 4 7.0
Allergies               No 53 93.0
       Yes 3 5.3 6 10.5 Weeks of rest/year 
       No 54 94.7 51 89.5        0-4 32 56.1
AHT       5-9  11 19.3
       Yes 1 1.8 1 1.8        10-14 9 15.8
       No 56 98.2 56 98.2        ≥15 3 5.3
DM         Total training/week
       Yes 0 0.0 0 0.0        5-7 7 12.3
       No 57 100 57 100        8-10 20 35.1
Dyslipidaemia               11-13 14 24.6
      Yes 1 1.8 0 0.0        14-16 11 19.3
       No 56 98.2 57 100        17-19 3 5.3
Smoking               ≥20 2 3.5
      Yes 6 10.5 3 5.3 Aerobic training/week
       No 51 89.5 54 94.7 5-7 15 26,3 
BMI        8-10 20 35.1
       Low (<18.5) 0 0 0 0,0       11-13 13 22.8
       Normal (18.5-24.9) 47 82.5 44 77.2       14-16 7 12.3
       Overweight (24.9-29.9) 10 17.5 13 22.8       17-19 2 3.5
FHIHD              ≥20 0 0.0
       Yes 1 1.8 2 3.5 Over aerobic threshold/week
       No 56 98.2 55 96.5        0-5 9 15.8
FHSD               6-10 14 24.6
       Yes 1 1.8 1 1.8        11-15 5 8.8
       No 56 98.2 56 98.2        16-20 12 21.1
Syncope               21-25 4 7.0
       Yes 0 0.0 0 0.0        26-50 4 7.0
       No 57 100 57 100 Cross training 
MH                Static bike/strider 32 56.1
      Yes 5 8.8 3 5.3        Strength 36 63.2
       No 52 91.2 54 94.7        Stretching 35 61.4
Treatment               Others 8 14.0
       Yes 6 10.5 4 7.0        Physiotherapy  
       No 51 89.5 53 93.0        Normally no 24 42.1
Heart murmurs               Due to discomfort 17 29.8
      Yes 0 0.0 0 0.0        Yes 16 28.1
       No 57 100 57 100 Frequency of medical checks 
Echocardiogram               1year 52 91.2
       Normal 48 84.2 42 73.7        2 years 2 3.5
       PCDE 9 15.8 9 15.8        3 years 1 1.8
       Pathological 0 0 0 0        ≥ 4years 2 3.5
Stress test        Frequency of resting ECG 
       Normal 13 22.8 11 19.3        No 2 3.5
 PCDE 41 71.9 41 71.9        1 year 40 70.2
       Pathological 0 0 0 0.0        2 years 6 10.5
ECG                3 years 0 0.0
       Normal 15 26.3 18 31.6        ≥ 4 years 9 15.8
       CFIE 38 64.9 34 59.6 Frequency of stress ECG 
       Patológico 5 8.8 5 8.8        No 7 12.3

(continúa)
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52.6% of the sample mentioned that they had suffered a muscu-
loskeletal injury over the previous two years. Using Chi-squared, no 
relation was observed between the qualitative variables studied and 
musculoskeletal injuries, as compiled in Table 4. However, as can be seen 
in Table 5, the Mann-Whitney U test showed a significant relationship 
between musculoskeletal injuries and two quantitative variables: BMI 
(p=0.004) and the proportion of weekly training over the anaerobic 
threshold (p=0.009). On the one hand, the average BMI for the injured 
group was 22.53±1.75 compared to 24.17±2.02 in the uninjured group. 

                              Medical certificate                                               Questionnaire

Year                               2017                                                 2018                                      2020

Variables N % N % Variables N %

Changes in ECG              1 year 40 70.2
       IRBBB 19 33.3 20 35.1        2 years 5 8.8
       ER 16 28.1 14 24.6        3 years 1 1.8
       T wave alterations 19 33.3 6 10.5        ≥ 4 years 7 7.0
       LVH 8 14.0 13 22.8 FFrequency of echocardiogram
       ST+ 4 7.0 0 0        No 29 50.9
       BCRD 0 0 0 0        1 year 17 29.8
        VC 0 0 0 0        2 years 6 10.5
       WPW 1 1.8 1 1.8        3 years 1 1.8
       CLBBB 1 1.8 0 0        ≥ years 4 7.0
       VAV 1º 1 1.8 0 0 Musculoskeletal injuries
              Yes 30 52.6
              No 27 47.4
       Cardiological injuries 
              Yes 0 0.0
                  No 57 100.0

N: cases; AHT: arterial hypertension; DM: diabetes mellitus; BMI: Body Mass Index; FHIHD: family history of ischemia heart disease; FHSD: family history of sudden death; MH: medical history; 
ECG: electrocardiogram; PCDE: physiological changes during exercise; IRBBB: incomplete right bundle branch block; ER: early repolarisation; VC: ventricular contraction; LVH: left ventricle 
hypertrophy; ST+: rise in the ST segment; WPW=Wolff-Parkinson-White; CLBBB: complete left bundle branch block; VAV 1º: first degree atrioventricular block.

 Norma ECG Pathological ECG  
Variables n=52 n=5 P

Age 43.37±8.50 38.80±9.98 0.351

BMI 23.34±2.07 23.01±1.90 0.832

Participations in 4.75±3.16 7.80±3.49 0.053 
ultramarathons

Ultramarathons completed 3.19±3.16 6.20±4.32 0.081

Weeks of rest/year 5.59±4.76 3.50±4.44 0.310

Total hours of training 11.19±3.57 11.80±5.22 0.826 
/week

Total hours of aerobic 9.92±3.23 10.20±4.55 0.907 
training /week

Training over 14.98±10.93 13.75±7.50 0.985 
anaerobic threshold(%)

Table 3. Relationship between the variables studied and the ECG.

     Musculo- Musculo-
   skeletal skeletal
   injuries injuries
   Yes No  
Variable Subgroup n=30 n=27 P

Static bike/strider Yes 18 14 0.536
   No 12 13 
Strength Yes 20 16 0.563
   No 10 11 
Stretching Yes 19 16 0.752
   No 11 11 
Physiotherapy Yes 20 13 0.157
   No 10 14  

Table 4. Relationship between the dichotomous qualitative 
variables and the musculoskeletal injuries.

On the other hand, the average percentage of training carried out over 
the anaerobic threshold for the injured group was 18.04 ±10.42 com-
pared to 11.71±10.06 in the uninjured group.

Discussion

As described in the bibliography10-12 and in the results section, it 
was observed that the athletes in the study sample were in good health. 
The injuries recorded in this cohort were musculoskeletal and mainly 
not very severe (Figure 1). Cardiovascular injuries were not objectified 
so ECGs were used to analyse this type of data. 

Regarding whether the training habits of these runners might be 
considered healthy, considering the aforementioned recommendations 

Table 2. Distribution of the qualitative variables (2017-2018) and questionnaire results (2020) (continue).
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and that the sample’s runners train for 10-11 hours (~600 minutes) a 
week on average and 72% of the sample trains between 5 and 13 hours 
per week (Figure 2), we can say that the training habits could mostly be 
considered healthy and not excessive.

Although there are opinions to the contrary, some authors have 
described a U-shaped dose-response relationship between physical 
exercise and cardiovascular risk.38 With the ECGs available in this study, 
no relationship was seen between them and the study variables. In 
other words, it seems that the parameters that could be associated 
with excess physical activity (taking part in more races, resting for fewer 
weeks per year, training for more hours per week, that this training is 
purely aerobic, or a greater proportion of the training is over the anae-
robic threshold) were not related to the risk of suffering cardiovascular 

Table 5. Relationship between different variables and musculos-
keletal injuries.

     Musculo- Musculo-
   skeletal skeletal
   injuries injuries
   Yes No  
Variable  n=30 n=27 P

Age   43.83±8.47 42±8.86 0.620

BMI   22.53±1.75 24.17±2.02 0.004

Participations in  5.03±3.34 5±3.27 0.981 
ultramarathons

Ultramarathons completed 3.2±3.11 3.74±3.61 0.650

Weeks of rest/year  5.20±4.69 5.72±4.86 0.733

Total hours of training  11.37±3.81 11.11±3.61 0.817 
/week 

Total hours of aerobic training 10.10±3.39 9.78±3.29 0.690 
/week

Training over  18.04±10.42 11.71±10.06 0.009 
anaerobic threshold(%)

Figure 1. Proportions of the different musculoskeletal injuries 
among the runners that suffer from them.
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Figure 2. Proportions of the study sample according to the total 
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Figure 3. Comparison between the runners with a normal and 
pathological ECG, regarding the number of ultramarathons run.
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Figure 4. Comparison between the runners who suffer musculoskeletal injuries and those that do not, regarding the percentage of wee-
kly training over the anaerobic threshold. 

Figure 5. Comparison between the runners who suffer musculoskeletal injuries and those that do not, regarding the Body Mass Index.
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experience has been related to a smaller amount of damage in this type 
of race,12,47 it has described that a more professional or competitive 
profile is more likely to suffer injuries compared to a more recreational 
profile.51 Therefore, the participants with more competitive objectives 
might be the same athletes that train with greater intensity, thereby 
increasing the risk of a musculoskeletal issue.

Finally, a relationship was seen between the BMI and musculoske-
letal injuries. Initially, it could be interpreted that it is logical for a higher 
BMI to increase the risk of damage to the musculoskeletal system and a 
lighter weight should act as a protective factor.52-54 However, in the study 
cohort, the runners with lower BMI suffered more damage (Figure 5). 
This trend has also been described in other studies: a systematic review 
showed that there was some evidence to suggest that higher weight 
and a BMI > 26 could act as a protective factor against pathologies in the 
lower limbs in long distance runners.55 It proposed that this relationship 
could be due to less activity during the training in the overweight group. 
Another study observed a different distribution of the musculoskeletal 
pathology in runners with different BMIs: it described fewer knee pro-
blems for overweight athletes, but a higher proportion of leg injuries.56  

Conclusions

The ultradistance runners in the study demonstrated parameters 
that indicate a good state of health, plus healthy training habits in line 
with the latest WHO recommendations. Therefore, we could say that 
although the actual race is not risk-free and can be harmful, the lifestyle 
and the training habits required to be able to take part in a race with 
these characteristics can be considered as beneficial.

It was also stated that there was no relationship between the 
characteristics and physical exercise habits of this group and the risk of 
developing electrocardiographic disorders, although the relationship 
between the number of participations in ultramarathons and a patho-
logical ECG was close (p=0.053), suggesting a possible association 
between these factors. Some studies have described that the stress 
represented by these extreme races induces an acute phase reaction in 
the body, and a rise in some myocardial damage markers.24 Could it be 
that this situation, which is transitory in principle, might cause irreversible 
damage to the heart in the long term? As mentioned, this conclusion 
cannot be drawn from this study, although it might be interesting to 
investigate this relationship in the future. 

The same occurs with the musculoskeletal issue, where no sig-
nificant associations have been observed, except for those described 
between the musculoskeletal injuries and the training intensity (the pro-
portion of training carried out over the anaerobic threshold), proposing 
the possibility that participants with more competitive objectives are 
the same athletes who train with greater intensity, thereby increasing 
the risk of musculoskeletal issues; and the BMI where, considering the 
sports habits among the study sample and that the formula for the BMI 
(weight/height*2) does not consider muscle mass, the hypothesis is 
proposed that a stronger, and therefore heavier, muscle is in this case 

the factor that protects the athlete from injury. Consequently, it would 
also be interesting to study this possible relationship in future works.

Although aware of its limitations, this work might be useful to 
ease the way for future studies in search of increasing the knowledge 
which is still limited around the participants of this sporting discipline, 
as there are still more questions than answers on this topic. What will 
happen with these athletes in the future? Will there be considerable 
long-term damage?

Thanks

The study authors would like to thank the study participants for 
their availability, and their willingness when gathering information to 
carry out the study and their words of encouragement and thanks.

Funding 

This study has not received any funding. 

Conflict of interest 

The authors do not declare a conflict of interest.

Bibliography
 1. Blair SN, Kohl HW, Gordon NF, Paffenbarger RS. How much physical activity is good 

for health?. Annu Rev Public Health. 1992;13:99-126. 

 2. Blair SN, Kohl HW, Paffenbarger RS, Clark DG, Cooper KH, Gibbons LW. Physical fitness 
and all-cause mortality: a prospective study of healthy men and women. JAMA. 
1989;262:2395-401. 

 3. World Health Organization. WHO guidelines on physical activity and sedentary beha-
viour. 2020.

 4. Arem H, Moore SC, Patel A, Hartge P, Berrington de Gonzalez A, Visvanathan K, et al. 
Leisure time physical activity and mortality: a detailed pooled analysis of the dose-
response relationship. JAMA Intern Med. 2015;175:959-67.

 5. Saint-Maurice PF, Coughlan D, Kelly SP, Keadle SK, Cook MB, Carlson SA, et al. Association 
of leisure-time physical activity across the adult life course with all-cause and cause-
specific mortality. JAMA Netw Open. 2019;2:e190355.

 6. Kyu HH, Bachman VF, Alexander LT, Mumford JE, Afshin A, Estep K, et al. Physical activity 
and risk of breast cancer, colon cancer, diabetes, ischemic heart disease, and ischemic 
stroke events: systematic review and dose-response meta-analysis for the Global 
Burden of Disease Study 2013. BMJ. 2016;354:i3857.

 7. Kraus WE, Powell KE, Haskell WL, Janz KF, Campbell WW, Jakicic JM, et al. Physical activity, 
all-cause and cardiovascular mortality, and cardiovascular disease. Med Sci Sports Exerc. 
2019;51:1270-81.

 8. Schuch FB, Vancampfort D, Richards J, Rosenbaum S, Ward PB, Stubbs B. Exercise as 
a treatment for depression: a meta-analysis adjusting for publication bias. J Psychiatr 
Res. 2016;77:42-51.

 9. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D, et al. Dementia 
prevention, intervention, and care. Lancet. 2017;390:2673-734.

 10. Knechtle B, Nikolaidis PT. Physiology and pathophysiology in ultra-marathon running. 
Front Physiol. 2018;9:634. 

 11. Hoffman MD, Krishnan E. Health and exercise-related medical issues among 1,212 
ultramarathon runners: baseline findings from the ultrarunners longitudinal tracking 
(ULTRA) study. PLoS One. 2014;9:e83867. 

 12. Hoffman MD. Injuries and health considerations in ultramarathon runners. Phys Med 
Rehabil Clin N Am. 2016;27:203-16. 

 13. Fallon KE. The acute phase response and exercise: the ultramarathon as prototype 
exercise. Clin J Sport Med. 2001;11:38-43. 

 14. Kłapcińska B, Waśkiewicz Z, Chrapusta SJ, Sadowska-Krępa E, Czuba M, Langfort J. 
Metabolic responses to a 48-h ultra-marathon run in middle-aged male amateur 
runners. Eur J Appl Physiol. 2013;113:2781-93. 



Inhar Esnaola, et al.

146 Arch Med Deporte 2022;39(3):138-146

 15. Hoppel F, Calabria E, Pesta D, Kantner-Rumplmair W, Gnaiger E, Burtscher M. Physiolo-
gical and pathophysiological responses to ultramarathon running in non-elite runners. 
Front Physiol. 2019;10:1300. 

 16. Lopes AD, Hespanhol Júnior LC, Yeung SS, Costa LO. What are the main running-related 
musculoskeletal injuries? a systematic review. Sports Med. 2012;42:891-905. 

 17. Knechtle B, Wirth A, Knechtle P, Rosemann T. Increase of total body water with decrease 
of body mass while running 100 km nonstop--formation of edema?. Res Q Exerc Sport. 
2009;80:593-603. 

 18. Hoffman MD, Fogard K. Factors related to successful completion of a 161-km ultra-
marathon. Int J Sports Physiol Perform. 2011;6:25-37. 

 19. Baska RS, Moses FM, Graeber G, Kearney G. Gastrointestinal bleeding during an ultra-
marathon. Dig Dis Sci. 1990;35:276-9. 

 20. Glace B, Murphy C, McHugh M. Food and fluid intake and disturbances in gastroin-
testinal and mental function during an ultramarathon. Int J Sport Nutr Exerc Metab. 
2002;12:414-27. 

 21. Stuempfle KJ, Hoffman MD. Gastrointestinal distress is common during a 161-km 
ultramarathon. J Sports Sci. 2015;33:1814-21. 

 22. Bennett BL, Hew-Butler T, Hoffman MD, Rogers IR, Rosner MH. Wilderness medical 
society practice guidelines for treatment of exercise-associated hyponatremia: 2014 
update. Wilderness Environ Med. 2014;25:S30-42. 

 23. Scheer BV, Murray A. Al Andalus Ultra Trail: an observation of medical interventions 
during a 219-km, 5-day ultramarathon stage race. Clin J Sport Med. 2011;21:444-6. 

 24. Christensen DL, Espino D, Infante-Ramírez R, Cervantes-Borunda MS, Hernández-
Torres RP, Rivera-Cisneros AE, et al. Transient cardiac dysfunction but elevated cardiac 
and kidney biomarkers 24 h following an ultra-distance running event in Mexican 
Tarahumara. Extrem Physiol Med. 2017;6:3. 

 25. Lord R, George K, Somauroo J, Jain N, Reese K, Hoffman MD, et al. Exploratory insights 
from the right-sided electrocardiogram following prolonged endurance exercise. Eur 
J Sport Sci. 2016;16:1014-22. 

 26. Lipman GS, Krabak BJ, Rundell SD, Shea KM, Badowski N, Little C. Incidence and 
prevalence of acute kidney injury during multistage ultramarathons. Clin J Sport Med. 
2016;26:314-9.

 27. Shephard RJ, Johnson N. Effects of physical activity upon the liver. Eur J Appl Physiol. 
2015;115:1-46. 

 28. Bird SR, Linden M, Hawley JA. Acute changes to biomarkers as a consequence of 
prolonged strenuous running. Ann Clin Biochem. 2014;51:137-50. 

 29. Krabak BJ, Lipman GS, Waite BL, Rundell SD. Exercise-associated hyponatremia, hyper-
natremia, and hydration status in multistage ultramarathons. Wilderness Environ Med. 
2017;28:291-8. 

 30. Chiu YH, Lai JI, Wang SH, How CK, Li LH, Kao WF, et al. Early changes of the anemia 
phenomenon in male 100-km ultramarathoners. J Chin Med Assoc. 2015;78:108-13. 

 31. Gessel T, Harrast MA. Running dose and risk of developing lower-extremity osteoar-
thritis. Curr Sports Med Rep. 2019;18:201-9. 

 32. Palazzo C, Nguyen C, Lefevre-Colau MM, Rannou F, Poiraudeau S. Risk factors and 
burden of osteoarthritis. Ann Phys Rehabil Med. 2016;59:134-8. 

 33. Almekinders LC, Engle CR. Common and uncommon injuries in ultra-endurance sports. 
Sports Med Arthrosc Rev. 2019;27:25-30. 

 34. Folscher LL, Grant CC, Fletcher L, Janse van Rensberg DC. Ultra-marathon athletes at 
risk for the female athlete triad. Sports Med Open. 2015;1:29. 

 35. Nazem TG, Ackerman KE. The female athlete triad. Sports Health. 2012;4:302-11. 

 36. Elers J, Pedersen L, Backer V. Asthma in elite athletes. Expert Rev Respir Med. 2011;5:343-
51. 

 37. Robson-Ansley P, Howatson G, Tallent J, Mitcheson K, Walshe I, Toms C, et al. Prevalence 
of allergy and upper respiratory tract symptoms in runners of the London marathon. 
Med Sci Sports Exerc. 2012;44:999-1004.

 38. Merghani A, Malhotra A, Sharma S. The U-shaped relationship between exercise and 
cardiac morbidity. Trends Cardiovasc Med. 2016;26:232-40. 

 39. Bosomworth NJ. Atrial fibrillation and physical activity: should we exercise caution?. 
Can Fam Physician. 2015;61:1061-70.

 40. George K, Whyte GP, Green DJ, Oxborough D, Shave RE, Gaze D, et al. The endurance 
athletes heart: acute stress and chronic adaptation. Br J Sports Med. 2012;46:i29-36. 

 41. Abdulla J, Nielsen JR. Is the risk of atrial fibrillation higher in athletes than in the general 
population? a systematic review and meta-analysis. Europace. 2009;11:1156-9. 

 42. Ricci C, Gervasi F, Gaeta M, Smuts CM, Schutte AE, Leitzmann MF. Physical activity 
volume in relation to risk of atrial fibrillation: a non-linear meta-regression analysis. 
Eur J Prev Cardiol. 2018;25:857-66. 

 43. Qureshi WT, Alirhayim Z, Blaha MJ, Juraschek SP, Keteyian SJ, Brawner CA, et al. Cardio-
respiratory fitness and risk of incident atrial fibrillation. Circulation. 2015;131:1827-34.

 44. Merghani A, Maestrini V, Rosmini S, Cox AT, Dhutia H, Bastiaenan R, et al. Prevalence 
of subclinical coronary artery disease in masters endurance athletes with a low athe-
rosclerotic risk profile. Circulation. 2017;136:126-37. 

 45. Aengevaeren VL, Mosterd A, Braber TL, Prakken NHJ, Doevendans PA, Grobbee DE 
et al. Relationship between lifelong exercise volume and coronary atherosclerosis in 
athletes. Circulation. 2017;136:138-48. 

 46. Drezner JA, Sharma S, Baggish A, Papadakis M, Wilson M, Prutkin J et al. International 
criteria for electrocardiographic interpretation in athletes: Consensus statement. Br. 
J. Sports Med. 2017; 51:704-731.

 47. Videbæk S, Bueno AM, Nielsen RO, Rasmussen S. Incidence of running-related injuries 
per 1000 h of running in different types of runners: a systematic review and meta-
analysis. Sports Med. 2015;45:1017-26. 

 48. Jones BH, Cowan DN, Knapik JJ. Exercise, training and injuries. Sports Med. 1994;18:202-
14. 

 49. Walter SD, Hart LE, McIntosh JM, Sutton JR. The Ontario cohort study of running-related 
injuries. Arch Intern Med. 1989;149:2561-4. 

 50. Ramskov D, Rasmussen S, Sørensen H, Parner ET, Lind M, Nielsen RO. Run clever - no 
difference in risk of injury when comparing progression in running volume and run-
ning intensity in recreational runners: a randomised trial. BMJ Open Sport Exerc Med. 
2018;4:e000333. 

 51. Alentorn-Geli E, Samuelsson K, Musahl V, Green CL, Bhandari M, Karlsson J. The asso-
ciation of recreational and competitive running with hip and knee osteoarthritis: a 
systematic review and meta-analysis. J Orthop Sports Phys Ther. 2017;47:373-90. 

 52. Malisoux L, Delattre N, Urhausen A, Theisen D. Shoe cushioning, body mass and running 
biomechanics as risk factors for running injury: a study protocol for a randomised 
controlled trial. BMJ Open. 2017;7:e017379. 

 53. Nielsen RØ, Malisoux L, Møller M, Theisen D, Parner ET. Shedding light on the etiology 
of sports injuries: a look behind the scenes of time-to-event analyses. J Orthop Sports 
Phys Ther. 2016;46:300-11. 

 54. Bertelsen ML, Hansen M, Rasmussen S, Nielsen RO. The start-to-run distance and 
running-related injury among obese novice runners: a randomized trial. Int J Sports 
Phys Ther. 2018;13:943-55.

 55. van Gent RN, Siem D, van Middelkoop M, van Os AG, Bierma-Zeinstra SM, Koes BW. 
Incidence and determinants of lower extremity running injuries in long distance 
runners: a systematic review. Br J Sports Med. 2007;41:469-80. 

 56. Juhler C, Andersen KB, Nielsen RO, Bertelsen ML. Knee injuries in normal-weight, 
overweight, and obese runners: does body mass index matter? J Orthop Sports Phys 
Ther. 2020;50:397-401.


