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Abstract  
The physiological consequences of ultra-endurance cross-
country skiing in cold conditions are poorly known. We report 
here clinical, echocardiographic and laboratory findings from a 
41-y old male elite skier in a world record trial for 24-h skiing. 
The athlete completed a total of 406.8 km outdoors with the 
temperature ranging between -24°C and –5°C during the 24-h 
period. Post exercise, notable increases from baseline values 
were observed in myoglobin (50-fold), creatinine kinase (30-
fold) and proBNP (6-fold), whereas troponin T or troponin I 
levels remained unchanged. At baseline, echocardiographic 
findings showed cardiac hypertrophy and after skiing, a 5% 
reduction of left-ventricular end-diastolic dimension. Increases 
in markers of kidney (creatinine) and liver function (alanine 
aminotransferase), serum uric acid, C-reactive protein and white 
blood cell counts were also noted. In addition, electrolyte dis-
turbances including hyponatremia, hypophosphatemia and hy-
pocalcaemia were noted during the follow-up. The data indicates 
that a prolonged period of high-intensity skiing leads to muscle, 
heart and kidney affection and activation of inflammation even 
in an experienced elite skier. The observed health effects under-
score the need for strict medical surveillance of participants in 
extreme sports with long duration. 
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Introduction 
 
Physical activity in proper amounts is widely acknowl-
edged to be a key part of a healthy lifestyle leading to a 
reduction in the risk of health problems (O'Donovan et al., 
2010; Ruiz et al., 2011; Schnohr et al., 2015). The rela-
tionships between doses of physical activity and health 
have, however, remained as a subject of scientific debate 
(Schnohr et al., 2015).  Over the past few decades, mara-
thon running and long-distance skiing have gained in-
creasing popularity such that even tens of thousands of 
individuals now participate in many of such events. While 
the potentially harmful effects of marathon and ultramara-
thon running to participants have already been addressed 
in a number of publications (Fortescue et al., 2007; Lippi 
et al., 2012; McCullough et al., 2011; Niemelä et al., 
1984; Roberts 2007), less is known on the biological 
responses of uninterrupted long-distance skiing in cold 
weather.  

Unlike in running, skiing involves most of the 
body for propulsion and therefore, different patterns of 

eccentric-muscle-activity induced damage may be ex-
pected to result from these two types of exercises. In the 
present work, we report data from a male elite skier who 
volunteered for detailed medical observations and labora-
tory measurements in association with his world record 
trial for 24-h cross-country skiing. 

 
Case report 
 
We examined a 41-y-old male elite skier in association 
with a world record trial for 24-h cross-country skiing. He 
completed a total of 406.8 kilometres on cross-country 
skis outdoors with the temperature ranging between –
24°C and –5°C during the 24-h period.  Venous blood 
samples were drawn for the determination of blood cell 
counts and biomarkers of muscle, heart, kidney and liver 
function, and inflammatory and metabolic parameters 
before and at various time points 3 to 48 hours after fin-
ishing the activity. In addition, serum electrolytes, cortisol 
and blood lactate levels were followed. Measurements 
values were determined using standard clinical chemical 
and haematological methods in an SFS-EN ISO/IEC 
17025:2005 and SFS-EN ISO 15189:2007 accredited 
laboratory. Echocardiographic (ECHO) measurements 
were obtained before the experiment and at three hours 
after finishing. The study was carried out after informed 
consent from the participant after detailed instructions and 
discussions on the possible risks, benefits and alternatives 
of the experimental protocol. The study was approved by 
the institutional review board and conducted according to 
the provisions of the Declaration of Helsinki. 

On the day of the experiment, the skier com-
menced his activity at noon with a rather steady speed of 
20 km/h over the initial six hours. At that time, the sky 
was clear with an outdoor temperature of –7°C. Humidity 
ranged from 50% to 100% and the wind speed fell be-
tween 1 to 11 km/h during the 24-h period. In the evening 
the temperature dropped down markedly the lowest tem-
perature (–24°C) being reached at 05:00 h the next morn-
ing. Due to the colder and tougher conditions the partici-
pant´s speed of skiing during the night slowed down to 
approximately 17 km/h. Signs of generalized fatigue, leg 
muscle pain and toe numbness developed gradually dur-
ing the latter part of the experiment; however, the athlete 
was remarkably able to increase his speed of skiing to 
over 20 km/h for the last hour and he finished the experi-
ment in a reasonable good mood and physical condition. 
The  outdoor  temperature  at  the  time  of  finishing  was 
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Table 1. Main cardiac ECHO findings before (baseline) and 3 h after 24 h cross–country skiing. 

 Unit Baseline After 3 h Difference Normal value 
LVEDD mm 55 52 –5.5% 46–52 
LVESD mm 34 35 2.9% 28–37 
LVEF % 67 59 –11.9% ≥ 55 
IVS mm 12 13 8.3% 7.1–11.1 
LVPW mm 13 13 0.0% 7.3–10.0 
RVEDD mm 31 30 –3.2% 10.0–26.0 
Mitral e velocity cm/s 7.4 6.3 –14.9%   
e' cm/s 9 8 –11.1%   
e/e' ratio   8.6 7.9 –8.1%   

LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end-systolic dimension; LVEF, 
left ventricular ejection fraction; IVS, interventricular septum; LVPW, left ventricular posterior wall; 
RVEDD, right ventricular end-diastolic diameter; e, early diastolic velocity; e' mitral annular early dias-
tolic velocity; e/e' ratio, diastolic function marker 

 
–5°C.  While skiing, liberal amounts of various fluids and 
food (mostly exogenous carbohydrates) were provided ad 
libitum. After the trial, the athlete was carefully moni-
tored in a hospital setting while being hydrated (approxi-
mately 300 mL∙h-1) for the next 20 h. The self-concept of 
athletic ability expressed by the participant and the medi-
cal and psychological assessments suggested a rapid re-
covery, which was completed within 7 d with no apparent 
signs of emotional or physiological exhaustion remaining. 

The body weight was 79.1 kg before the trial and 
76.7 kg after finishing thus decreasing by 3.0%.  Clinical 
examinations during the hospital follow-up indicated pain 
observed in quadriceps areas whereas, no apparent other 
symptoms occurred. ECHO cardiographic data before and 
after the experiment is summarized in Table 1. At base-
line, the athlete showed cardiac hypertrophy with a large 
left ventricular (55 mm) and right ventricular (31 mm) 
end diastolic diameters and increased interventricular 
septal thickness (12 mm). In comparison between the pre- 
and postrace values the left ventricular end-diastolic di-
mension (EDD) was reduced by 5.5%, whereas the end-
systolic dimension (ESD) increased only slightly from 34 
mm to 35 mm (2.9%).  Ejection fraction and markers of 
diastolic function declined approximately by 10% when 
compared to baseline values.  

In muscle and cardiac markers, there was a 50-fold 
increase in serum myoglobin and a 30-fold increase in 
creatinine kinase (CK) levels in a sample taken 7 h post 
skiing (Figure 1). There were also marked (15-fold) ele-
vations in CK-MBm and pro-BNP (6-fold) levels, where-
as troponin T and troponin I, markers of cardiomyocyte 
damage, even as assayed using ultrasensitive techniques, 
remained stable and within normal limits (Figure 1). Se-
rum creatinine values also exceeded the upper normal 
limits and returned to normal within 48 h.  

CRP, a marker of inflammation and of acute phase 
response, increased 10-fold (Figure 2). Blood leukocytes 
and serum uric acid values were also above normal briefly 
after finishing. Blood platelet counts decreased initially 
and returned to normal levels in a sample taken 48 h after 
skiing. Liver enzymes (AST and ALT) increased approx-
imately 5-fold; however with different patterns of kinetics 
such that AST was an earlier responder. Serum sodium, 
phosphate and calcium concentrations decreased during 
the follow-up, whereas potassium remained within normal 
limits (Figure 2). Post blood gas analysis showed elevated 

pO2 (6.4–8.3 mmol∙L-1), pH (7.47–7.50) and a base ex-
cess ranging between 6.4 and 8.3 mmol∙L-1 in samples 
taken between 7 and 20 h post exercise. Blood lactate 
levels remained normal in all samples (< 1.2 mmol∙L-1). 
Serum cortisol level was highest in a sample taken 3 h 
after finishing.  
 
Discussion 
 
The data shows that a well-trained athlete is able to ski 
more than 400 km during 24 h in cold conditions without 
any apparent clinical signs of exhaustion, hypothermia or 
lactic acid build-up. ECHO measurements taken before 
the trial showed cardiac hypertrophy as a sign of long-
term chronic effect of exercise, which has also previously 
been shown to be a typical finding among ultramarathon 
runners, the left-ventricular end-systolic dimensions 
(LVEDD and LVESD) serving even as a predictor of 
faster race times (Nagashima et al., 2006). In the present 
case, the prolonged period of skiing was found to result in 
a mild reduction in left ventricular function as an acute 
effect of exercise, although this occurred with no obvious 
clinically significant signs of cardiac fatigue. The ECHO 
cardiovascular consequences were comparable to those 
seen previously as the result of competitive running of a 
160- km (Scott et al., 2009) or running for 24 h (Niemelä 
et al., 1984), suggesting a risk of impaired left ventricular 
performance upon extreme sports activity of long dura-
tion. Depressed left ventricular diastolic function has been 
observed previously even as a result of marathon running 
among non-elite race participants (Neilan et al., 2006). 

Current data shows notable changes in those bio-
chemical parameters reflecting skeletal muscle injury. 
Such biomarkers increased in a similar manner to that 
previously observed among marathon and ultramarathon 
runners although running and skiing are markedly differ-
ent in terms of eccentric muscle activity how the body is 
used for creating force to the movement. The release of 
large quantities of myoglobin and creatinine kinase from 
muscles into circulation may increase the risk of kidney 
damage especially under conditions of dehydration when 
excess myoglobin can precipitate in renal tubules leading 
to tubular obstruction and tissue necrosis (Holt and 
Moore, 2001; Lappalainen et al., 2002). Creatinine kinase 
levels  peaked  here  at  nearly  8000  U∙L-1  and  previous 
research  has  indicated   that  levels  over  5000 U∙L-1   are  
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Figure 1. Changes in laboratory markers before and at various time points after finishing 24-hour skiing. The 
shaded area demonstrates the normal limits of each parameter. ALT, alanine aminotransaminase; AST, aspartate aminotransfer-
ase; BNP, brain natriuretic peptide; CK-MBm, creatine kinase isoenzyme MB mass. 

 
associated with a 50% risk of acute renal failure (Huerta-
Alardín et al., 2005). A slight increase was noted here in 
serum creatinine indicating kidney affection which was 
rapidly resolved suggesting only a transient change in 
renal filtration and perfusion. Similar observations were 
recently reported among 10 out of 25 individuals (40%) 
from a marathon running trial (McCullough et al., 2011). 
Kidney damage as a result of strenuous exercise may be 
associated with haem-protein injury, free radical genera-
tion and lipid peroxidation. In support of this view, the 
present data also shows elevation of uric acid concentra-
tions, which, due to its free radical scavenging properties, 
may be considered a sign of an increased need of antioxi-
dant capacity during the exercise (Kurra et al., 2009; 
Waring et al., 2003). White blood cells and C-reactive 
protein also increased suggesting an activation of inflam-
mation, which may show a synergistic relationship be-
tween the generation of oxidative stress and production of 
reactive oxygen species (Devries et al., 2008). 

Interestingly, the tests for cardiomyocyte damage, 
both troponin T and troponin I, remained normal whereas 
proBNP increased to levels commonly found in patients 
with myocardial infarction or unstable angina. The lack of 
relationship between proBNP and troponin levels sug-
gests, however, that the present observations in cardiac 
status are primarily related to the mechanical load and 

myocardial wall stress. Previous trials among runners 
have frequently shown increases in serum troponin levels 
in marathon (Fortescue et al., 2007; Mingels et al., 2009) 
and even among a high percentage (53–65%) of half-
marathon (Lippi et al., 2012) finishers with diverse run-
ning experience. While normal troponin levels in the 
present case may be explained by excellent cardiac health, 
long training history and associated metabolic adaptation, 
it should be noted that the frequently observed troponin 
increases as a result of marathon running may deserve 
further attention as possible indicators of cardiomyocyte 
damage in susceptible individuals. It is possible that dur-
ing strenuous exercise increased myocardial wall oxida-
tive stress and impaired endothelial function could lead to 
an increased risk of atherothrombotic events (Dawson et 
al., 2008). 

Previous research has suggested that mechanical 
and thermal (heat) injury, ATP depletion and the genera-
tion of oxygen free radicals are important determinants of 
muscle damage in marathon runners (Roberts, 2007). 
Exposure to cold conditions could aggravate tissue is-
chemia by reducing muscle perfusion and by exacerbating 
hyponatremia through uncontrolled sweating and hemo-
dynamically inappropriate antidiuretic hormone secretion. 

It is also possible that the combination of pro-
longed  exercise  and  cold  exposure  can  create additive 
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Figure 2. Changes in laboratory markers before and at various time points after finishing 24-hour skiing. The 
shaded area demonstrates the normal limits of each parameter. CRP, C-reactive protein. 

 
effects on muscle and kidney status. Decreased plasma 
calcium in the present instance may indicate an increased 
flow to the intracellular space as also found in patients 
with rhabdomyolysis as a key feature of muscle destruc-
tion. Symptoms of a possible hypocalcaemia- related 
cardiovascular compromise were, however, not observed 
here. Obviously, the early aggressive re-hydration with 
saline after the trial may have facilitated a rapid recovery 
thereby preventing the development of myocyte necrosis 
and kidney injury. 

Our data further indicates that a prolonged period 
of high intensity cross-country skiing may lead to changes 
in serum liver enzymes. The reactions between the trans-
aminase enzymes (ALT, AST) were of similar magnitude 
but showed different patterns of kinetics and alterations in 
their ratios. While the mechanism behind such observa-
tions remain unclear it is likely that AST increases, which 
followed similar kinetics to those of the muscle-derived 

enzymes, originate from the muscle compartment. The 
response ALT response, which is considered more specif-
ic to the liver, however, similarly exceeded the upper 
normal limit by 5-fold suggesting also the possibility of a 
disturbed liver cell integrity. Since the physiological role 
of serum aminotransferases is to catalyse the transfer of 
amino groups to generate products in gluconeogenesis 
and amino acid metabolism, it is possible that the changes 
could also be related to the process of acute changes to 
maintain energy and nutrient homeostasis (Gerhart-Hines 
et al., 2007). Rapid changes in energy needs and availabil-
ity can trigger a rearrangement of glucose and lipid me-
tabolism in both skeletal muscle and liver. As glucose is 
the main cellular fuel substrate, peripheral tissues must 
undergo a shift from glucose to fatty acid oxidation and 
gluconeogenetic precursors to be delivered from muscle 
to the liver for glucose synthesis.   
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Conclusion 
 
The present case demonstrates that cross-country skiing 
lasting for 24 h leads to marked abnormalities in bio-
chemical parameters reflecting reduced organ health even 
in an experienced elite athlete. We suggest a careful fol-
low-up and an effective hydration schedule during and 
after extreme sports of this nature in order to prevent the 
development of severe health threats, including rhabdo-
myolysis and kidney injury. The present data should also 
be considered in the medical surveillance of the continu-
ously increasing number of individuals participating in 
long duration extreme sports events. 
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Key points 
 
• An elite athlete was able to ski over 400 km during 

24 hours with an outdoor temperature ranging be-
tween –5 °C and –24 °C. 

• Several postrace abnormalities occurred in bi-
omarkers of muscle, heart, kidney, liver and in-
flammation status. 

• Serum troponins, specific markers of myocardial 
cell damage, remained stable. 

• The report supports careful medical surveillance of 
participants in extreme sports with long duration. 
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