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Summary 

Worldwide, but especially in western countries, there is an epidemic of 

physical inactivity with its known detrimental health-related effects. Phys-

ical activity and regular physical exercise remain difficult to implement 

 especially in sedentary elderly subjects, often because of a lack of appeal-

ing physical activities. Gaining the attraction of these target groups is a 

prerequisite in order to improve adherence. Alpine skiing is performed by 

millions of recreational subjects in the Alps alone and may be an attractive 

mode of physical activity for many local citizens and tourists alike. Besides 

the well-known positive effects of exercise on cardiovascular and other 

health-related outcomes, the risks also need to be considered. Indeed, 

 myocardial infarction and sudden cardiac death during alpine skiing in rec-

reational skiers are the leading causes of death in the Alps during the win-

ter and exceed the number of fatalities due to avalanches or traumatic 

deaths. It is the aim of this article to provide an up-to-date evaluation of 

the potential cardiovascular risks of recreational alpine skiing as well as 

the known benefit   s thereof. In the first section a general cardiovascular 

risk–benefit evalua tion of physical activity is provided. Thereafter the cur-

rent knowledge of the cardiovascular benefits and risks of alpine skiing are 

summarized, followed by a discussion and conclusion.
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Introduction

Alpine skiing represents one of the most popular win-
ter sports worldwide and particularly in Alpine re-
gions. Annually, an estimated 8 million skiers visit the 
mountainous regions of Austria alone [1]. Although 
 alpine skiing is performed professionally by many ath-
letes, the vast majority of people on skiing slopes are 
 recreational skiers, tourists and residents of a given 
skiing area. 
Unfortunately, in recent years, a number of tragic ski-
ing accidents have occurred in prominent professional 
and recreational skiers: Prince Friso of Orange-Nassau, 
Michael Schumacher, Dieter Altaus, Matthias Lanzin-
ger, Ulrike Maier, Daniel Albrecht, Hermann Maier, 

 Arnold Schwarzenegger and Hans Grugger, to name a 
few. Partly because of the media coverage, the public 
perception of the major risk of death or injury during 
alpine skiing are traumatic events. However, a recent 
evaluation in Austria analysed all traumatic and non-
traumatic fatal ski accidents from the 2005–2006 to 
the 2009–2010 winter season in Austria. In total, 207 
fatalities were registered during this time period, 52.7% 
were nontraumatic deaths, with the majority (73%) 
attri but ed to cardiac arrests [2]. Consequently, parallel 
to the efforts to prevent traumatic deaths and injuries 
in professional and recreational skiing [3], prevention 
of nontraumatic events such as myocardial infarction 
or sudden cardiac death are warranted. 
Regular physical activity, including recreational alpine 
skiing, is known to positively modulate cardiovascular 
risk factors and subsequently the risk of cardiovascu-
lar events. Therefore, alpine skiing as part of an active 
lifestyle may contribute to cardiovascular health and 
longevity. The traumatic risks and the potential mea-
sures to prevent them have been discussed in detail 
elsewhere [3]. 
It was the aim of this article to provide an up-to-date 
evaluation of the potential cardiovascular risks of rec-
reational alpine skiing as well as the known benefits 
thereof. In the first section a general cardiovascular 
risk–benefit evaluation of physical activity is provided. 
Thereafter the current knowledge of the cardiovascu-
lar benefits and risks of alpine skiing are summarised, 
followed by a discussion and conclusion.

Risk-benefit evaluation of physical 
 activity in general

Benefits of physical activity/exercise
Physical activity is defined as any bodily movement 
produced by skeletal muscles that requires energy ex-
penditure, whereas physical exercise is physical activ-
ity aimed to improve or maintain physical fitness. 
Physical inactivity is defined as the absence of a 
 minimum physical activity. Particularly in developed 
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 countries, physical inactivity is a major health burden. 
Evidence clearly demonstrates beneficial effects of 
physical activity on cardiovascular disease and all-
cause mortality [4]. Approximately 20% of the adult 
population worldwide is physically inactive [5], and 
this condition is particularly prevalent in women, the 
elderly and in persons with low socioeconomic status. 
Additionally, the percentage of time spent on seden-
tary behaviour, specifically watching television or in 
front of a computer (i.e., screen time), is increasing [6]. 
Large prospective cohort studies from several coun-
tries around the world have found that sedentary be-
haviour is associated with a variety of poor health out-
comes, including increased mortality [7, 8]. One study 
calculated the attributable risk for premature mortal-
ity and estimated that physical inactivity worldwide 
causes 9% of premature mortality, accounting for 5.3 
million deaths worldwide in 2008 [8], which is on par 
with death caused by cigarette smoke. A 10% reduction 
in physical inactivity could prevent 533 000 deaths 
every year. Regular physical activity and higher cardio-
respiratory fitness decrease overall mortality in a 
dose-response fashion [4, 9].
Physical exercise affects multiple systems and health 
outcomes. A dose-dependent relationship between ex-
ercise and the development of common chronic condi-
tions such as cardiovascular disease, diabetes mellitus, 
chronic obstructive pulmonary disease, chronic kid-
ney disease, Alzheimer’s disease and some cancers has 
been observed [10]. The evidence of health benefits of 
physical activity on mortality mostly stems from ob-
servational trials, which suggest that regular exercise 
reduces risk of all-cause mortality for most individu-
als, including younger and older men and women in a 
dose-dependent manner [4, 11, 12]. 
A number of studies have shown a strong inverse rela-
tionship between habitual exercise and risk of cardio-
vascular disease: coronary disease, cardiac events, 
stroke and cardiovascular death for both primary and 
secondary prevention [4, 13–16]. Furthermore, exercise 
training beneficially alters levels of markers of inflam-
mation (C-reactive protein and interleukin-6) [17], sys-
temic blood pressure [18], blood lipids, body composi-
tion and thrombogenic risk. With respect to diabetes, 
exercise training improves glycaemic control, insulin 
sensitivity and may prevent the development of type 2 
diabetes in high-risk groups [18, 19].
In a number of observational studies, physical activity 
and/or regular exercise were shown to protect against 
breast, intestinal, prostate, endometrial and pancreatic 
cancer [20, 21]. Exercise was also shown to positively 
 affect fatigue and quality of life for survivors of breast, 
colorectal and prostate cancers. Furthermore, exercise 

training was shown to counteract obesity [18, 22, 23], 
osteoporosis, stress, anxiety and depression [24–26]. 
Regular exercise training may also increase the like li-
hood of stopping tobacco use, reduce disability for 
 activities of daily living in older persons and delay cog-
nitive decline in older adults.

Possible risks of physical activity/ 
exercise

The benefits of physical activity far outweigh the possi-
ble associated risks in the majority of patients in the 
absence of a contraindication to exercise. However, as 
in every therapeutic intervention, side effects need to 
be considered.
Musculoskeletal injury is the most common risk of ex-
ercise [27, 28]. Although studies indicate that those who 
engage in sports activities have a higher risk of minor 
injury, people who do not participate in sports or other 
physical activity on a regular basis are more likely 
to incur more severe injuries when engaging in such 
 activities [29]. Many of the musculoskeletal injuries 
are secondary to overuse [30] and may be prevented by 
 adequate training methods. 
More serious but much less common risks include 
traumatic death mostly due to traumatic brain injury, 
traumatic injury of the neck, or traumatic chest 
trauma including commotio cordis, arrhythmia, sud-
den cardiac death and myocardial infarction. 
Serious and catastrophic traumatic events in sports are 
rare, and vary between sporting disciplines, gender, 
age and skill level [31]. In a recent report, a state-of-the- 
art overview on the epidemiology and clinical decision 
making in major injuries during sporting activities of 
head, neck, chest and abdomen has been provided [31]. 
The risk of arrhythmia during exercise in patients with 
underlying heart disease or with a prior history of 
 arrhythmia is increased. Exercise training may reduce 
atrial and ventricular arrhythmia risk by increasing 
myocardial oxygen supply and by reducing sympa-
thetic nervous system activity. Sudden cardiac death 
(SCD) is rare, but may occur during physical or sexual 
activity [32]. The increase in risk is seen in both men 
and women; however, the risk of cardiac arrest is re-
duced or may not be increased at all if the subjects are 
engaged in habitual leisure-time physical activity, 
as studied in both the Physicians’ Health Study and 
the Nurses’ Health Study [33, 34]. Mechanisms of SCD 
in those who exercise include coronary artery disease, 
 arrhythmias (especially ventricular tachycardia and 
ventricular fibrillation), structural heart disease and 
myocarditis. Causes of SCD in people who exercise can 
be divided according to age [35]. SCD is generally a re-

CARDIOVASCULAR MEDICINE – KARDIOVASKULÄRE MEDIZIN – MÉDECINE CARDIOVASCULAIRE 2015;18(11):298–305



REVIEW ARTICLE 300

sult of atherosclerotic coronary artery disease in those 
over 35 years of age. It is more likely to be due to 
 congenital abnormalities such as hypertrophic car-
diomyopathy, right ventricular arrhythmogenic dys-
plasia/car dio myopathy, coronary anomalies or to 
 myocarditis in younger individuals. As the increase in 
risk of SCD during or just after activity is low, the long-
term health benefits of exercise outweigh the risks in 
patients with and without established heart disease 
[36–38]. 
Physical or sexual activity is associated with a tempo-
rary increase in the risk of having a myocardial infarc-
tion (MI), particularly among males [39] who exercise 
infrequently and have multiple cardiac risk factors 
[32, 36]. 
Although patients with coronary disease are more 
likely to have a myocardial infarction at the time they 
are participating in strenuous exercise than when 
they are not, patients with coronary disease who exer-
cise are overall less likely to have a myocardial infarc-
tion than those with coronary disease who do not ex-
ercise [40].
Rhabdomyolysis (i.e., subclinical myoglobinaemia, 
myo   globinuria, and elevation of creatine kinase) is 
common after physical exertion [41]. The creatine ki-
nase level can rise several fold, particularly after in-
tense  exercise for extended periods of time (e.g., mara-
thon running). Rhabdomyolysis may occur following 
extreme exertion in individuals with normal muscles 
when the energy supply to the muscle is insufficient to 
meet demands. Rare and severe complications of rhab-
domyolysis after intense prolonged exercise (often in 
untrained individuals, hot and humid conditions, im-
paired thermoregulation, underlying disease) include 
renal failure, electrolyte abnormalities such as hyper-
kalaemia, and metabolic acidosis and compartment 
 syndrome. However, rhabdomyolysis can also occur in 
trained individuals following physical exertion in the 
absence of these risk factors. 
Other potential risks of exercise especially in winter 
sports and at altitude comprise exercise-induced bron-
choconstriction in patients with current symptomatic 
asthma [42], hyperthermia, hypothermia and dehydra-
tion. In women, intense exercise may lead to the “fe-
male athlete triad” which consists of eating disorders, 
amenorrhoea and osteoporosis. Also, urticaria and an-
aphylaxis can occasionally occur with exercise, espe-
cially in combination with ingestion of certain foods. 
Finally, exercise-associated hyponatraemia has been 
reported in long-lasting endurance sports. Medical 
evaluation prior to initiation of an exercise pro-
gramme focuses on risks for coronary heart disease 
and other potential medical comorbidities that might 

place the patient at risk for one of the complications 
above.
It would be beyond the scope of this article to discuss 
the role of screening of individuals who are exposed to 
the potential risks of exercise: patients, healthy sub-
jects and athletes alike. Although a lively scientific 
 debate [43, 44] is ongoing about risks and benefits of 
screening prior to exercise, it is the opinion of the 
 authors that screening should be performed in the ma-
jority of subjects and should include a 12-lead resting 
electrocardiogram (ECG). Also, measures of injury 
 prevention should be performed in order to identify 
subjects at risk of injury and to recommend adequate 
sporting disciplines, as well as exercise characteristics 
such as intensity and frequency. Despite the benefits of 
an exercise programme, there are risks as noted above, 
even in trained athletes. As a result, the American 
Heart Association (AHA) has published a summary 
outlining the absolute and relative contraindications 
for exercise testing and training. The absolute con-
traindications include  severe cardiac disease (e.g., un-
stable angina, un con trolled symptomatic heart fail-
ure) and acute noncardiac disease (e.g., infection, renal 
failure). Recommendations for injury prevention 
should be tailored to specific populations. As an exam-
ple, older populations may be at risk of falls. As the 
older population may get injured more easily and 
 recover more slowly, some patients will benefit from 
supervised exercise. Generally, warm-up and cool-
down is recommended in all exercising populations. 
Supervision and/or counselling seem to be beneficial 
[45], as many subjects and patients show poor adher-
ence to exercise recommendations. However, the effec-
tiveness of counselling has not been demonstrated. 
It is recommended that all healthy adults incorporate 
moderate to vigorous exercise into their lifestyle. One 
option is moderate intensity exercise for 150 minutes 
per week, vigorous intensity exercise for 75 min-
utes per week, or an equivalent combination of these 
activities. Adults with limited exercise capacity due to 
 comorbidity should stay as physically active as their 
condition allows. Even modest increases in exercise 
are associated with health benefits. 

Benefits of alpine skiing – 
summary of current knowledge

The physiological effects and potential health benefits 
of alpine skiing have only been sparsely studied. While 
alpine skiing as a leisure-time physical activity has 
 become increasingly popular, most of the sports medi-
cine literature has focused on frequency, prevention 
and treatment of alpine skiing injuries. To our knowl-
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edge the potential metabolic and cardiovascular 
benefit   s of alpine skiing in a recreational population 
have so far been studied in only three studies [46–60]. 
A brief summary of these three studies are listed in 
tab le 1.
The first study, by Kahn et al., which aimed to investi-
gate cardiovascular effects of alpine skiing, was a small 
(n = 10, 100% males, age 51.0 ± 1.3 years) uncontrolled 
Swiss investigation that measured the effects of 6 days 
of unsupervised alpine skiing. The participants were 
habitually sedentary. Heart rate was recorded during 
skiing and was 126 beats min–1 on average, which corre-
sponds to 75% of a calculated (220–age[years]) maximal 
heart rate. The main finding was a significant improve-
ment of insulin resistance and a significant increase in 
apolipoprotein A1 / apolipoprotein A2 (p <0.01) [59]. The 
authors reported no injuries or cardiovascular events.
A second study set out to investigate the effects of 
 alpine skiing in an elderly population, the SAlzburg 
Skiing for Elderly Study (SASES) [58]. The aim of this 
study was to monitor the long-term effects of skiing on 
health-related parameters of older individuals. This 
randomised controlled study was performed in an in-
tervention group (n = 22, age 67.5 ± 2.8 years, 12 males / 
10 females) and a control group (n = 20, age 67.3 ± 4.4 
years, 10 males / 10 females). Parameters of interest 
were measured during pre-, post- and retention-tests 
(10 weeks after “post” measurements). The interven-
tion phase lasted for 12 weeks, with an average of 28.5 
days of guided skiing. Daily heart rate profiles and 
global positioning system data throughout the ski day 
were recorded. The intervention group completed an 
average of 4 885 vertical metres of downhill skiing 

daily, with a total skiing distance of 40.5 km/day. Dur-
ing skiing, the average heart rate was 72.4 ± 8.9% of the 
maximal heart rate measured at maximal exertion 
during spiroergometry. Strength measured by jump 
height increased in the intervention group, while jump 
height for the control group deteriorated. Dynamic 
maximal strength measured in both legs increased in 
the intervention group, however, did not reach statisti-
cal sig nificance in the control group. In postural abil-
ity, no differences between groups or over time were 
noted. Several morphological and structural adapta-
tions of musculature and tendons, as well as postural 
control, were observed, indicating that alpine skiing 
may be an effective intervention for combating sarco-
penia, frailty and weakness in old age. The effects of 
12 weeks of guided alpine skiing training on psycho-
social dimen sions and physical self-concept were also 
observed. 
With respect to cardiovascular risk factors the authors 
observed a significant increase in exercise capacity in 
the intervention group (ΔVO2max: +2.0 ml/kg/min, p = 
0.005) but not in the control group (ΔVO2max: −0.1 ml/
kg/min, p = 0.858; IG vs CG: p = 0.008). Also, a  decrease 
in body fat mass (IG −2.3%, p <0.0001; CG ±0.0%, p = 
0.866; IG vs CG p <0.0001) was achieved. Blood pres-
sure, blood lipids, heart rate and everyday physical ac-
tivity remained essentially unchanged. Furthermore, 
cardiovascular biomarkers were addressed without 
relevant changes except for homocysteine. Alpine ski-
ing also affected parameters of copper status. This 
finding is of relevance, since an imbalance of  copper 
has been associated with cardiovascular risk. Finally, 
an improvement of glucose homeostasis and  insulin 

Table 1: Brief summary of the three studies that investigated the cardiovascular effects of recreational alpine skiing.

First author and  
year of publication

Type of intervention Participants Intervention Cardiovascular outcomes

Kahn 1996 Uncontrolled  
pre-post study

n = 10, 100% males, 
age 51.0 ± 1.3 years

Uncontrolled, 6 days of 
 unsupervised alpine skiing

Improvement of insulin resistance;  
increase in apolipoprotein A1 / apolipo-
protein A2

Dela 2011 and
Niederseer 2011

SASES Study

Randomised  
controlled study

Intervention group 
(n = 22, age 67.5 ± 2.8 years, 
12 males / 10 females) 
control group  
(n = 20, age 67.3 ± 4.4 years,  
10 males / 10 females)

Intervention group: 12 weeks, 
with an average of 28.5 days of 
guided skiing; or control group: 
sedentary lifestyle without 
 alpine skiing

Improvement of body composition;
Improvement in insulin resistance;
Blood pressure, blood lipids, heart rate 
and everyday physical activity remained 
essentially unchanged;
Cardiovascular biomarkers did not  
change except for homocysteine
Positive effects on copper metabolism

Burtscher 2013 Questionnaire-based 
cohort study

1 259 long-term downhill 
 skiers (971 males, aged 
57.3 ± 14.6 years; 288 females, 
aged 47.7 ± 16.4 years) 

Lifetime skiing vs general 
 population

Long-term alpine skiing on a regular basis 
may contribute to healthy aging by its 
 association with a healthier life style;
positive effects on cardiovascular risk 
 factors (hypercholesterolaemia, diabetes 
mellitus type 2) and memory complaints
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sensitivity in the nondiabetic elderly skiers was ob-
served. 
A third study by Burtscher et al. aimed to compare life-
style characteristics and cardiovascular risk factors 
betwe e n regular downhill skiers and the general popu-
lation. They investigated self-reported health and life-
style data, including memory function, which were ob-
tained via questionnaire from 1 259 long-term downhill 
skiers (971 males, aged 57.3 ± 14.6 yrs; 288 females, aged 
47.7 ± 16.4 yrs) and compared the findings with data 
from the general population. Long-term skiers showed 
more favourable lifestyle characteristics and a better 
health status than the general population.  Although 
skiers reported a healthier lifestyle with respect to reg-
ular aerobic exercise, less smoking, and less alcohol 
consumption in comparison with the general popula-
tion, the prevalence of cardiovascular risk factors such 
as hypercholesterolaemia, arterial hypertension and 
diabetes did not differ between the two populations. 
Thus, the authors concluded that the healthier lifestyle 
of downhill skiers did not seem to translate into a re-
duced prevalence of cardiovascular risk factors. How-
ever, the prevalence of these risk factors decreased 
with increasing annual skiing frequency and therefore 
the findings indicate a significant “dose-dependent” ef-
fect of downhill skiing on self-reported cardiovascular 
risk factors and memory deficits. Differences observed 
between male and female skiers were similar to the 
gender differences demonstrated for the general popu-
lation and may at least partly be explained by age ef-
fects in that study. The authors pointed out that it was 
not only downhill skiing activities which may have 
contributed to the demonstrated beneficial effects but 
rather the generally healthier life style associated with 
long-term regular downhill skiing. Nevertheless, the 
increasing yearly skiing frequency was an indepen-
dent predictor for the reduced prevalence of hypercho-
lesterolemia, diabetes type 2 and memory complaints. 
In conclusion, long-term alpi n e skiing on a regular ba-
sis may contribute to healthy aging by its association 
with a healthier lifestyle.

Risks of alpine skiing – 
summary of current knowledge

In a study by Ruedl et al. (already mentioned in the in-
troduction) nontraumatic and traumatic causes of 
death on Austrian ski slopes were evaluated from the 
2005–2006 to the 2009–2010 winter season [2]. In total, 
207 fatalities were registered during this time period. 
An overall incidence of 0.79 deaths per million skier 
days was calculated. Mean age at death was 50.9 ± 17.7 
years. More than 85% of all fatalities occurred in males 

and 93.1% in skiers. In total, 52.7% were nontraumatic 
deaths, with the majority (73%) attributed to cardiac 
 arrest. Regarding traumatic deaths, 41.2% died after a 
fall, 18.6% after collision with another skier, and 35.1% 
after an impact with a solid object. Head injury was the 
primary cause of death in 46.4% of traumatic deaths.
As stated above the major cause of injuries during 
 exercise are musculoskeletal injuries. The number of 
injuries during alpine skiing has decreased over the 
last 50 years: before 1970, 7–8 injuries; during the 
1980s, 3–4; during the 1990s, 2–3; since 2000 ≤2/1 000 
skiing days. In a recent report about skiing injuries in 
Austria the calculated injury rate was 0.6 injuries per 
1 000 skier days and has decreased by more than 50% 
during the past decade [61].
In the SASES study, the skiing intervention proved to 
be safe. There were no cardiovascular events. However, 
two serious injuries occurred during the 12-week ski-
ing intervention (a fracture of the proximal humerus 
and a fracture of the tibia plateau). Nevertheless, only 
one of these injuries occurred during actual skiing. The 
humerus fracture was the unfortunate result of a side-
ways fall from a standing position because of a balance 
impairment. The tibia plateau fracture occurred at the 
end of a turn when the skier tried to stop and lost his 
balance. This resulted in an injury rate of 3.2 per 1 000 
skiing days. However, this rate must be evaluated with 
considerable reservations and cannot easily be com-
pared to other studies, because the skiing intervention 
consisted of only 627 skier days. In larger studies, con-
sisting of 1.2 million skier days, an injury rate in recre-
ational skiing was found to be 1.3 per 1 000 skiing days 
[62]. Apart from the two fractures, three other subjects 
terminated their participation in the study because of 
exacerbation of old injuries (knee pain). In retrospect, 
these three subjects should probably have been 
 excluded already in the screening procedure. A de-
tailed evaluation of the traumatic risks of alpine skiing 
is provided elsewhere [3].
With respect to cardiovascular risks during alpine ski-
ing, myocardial infarction and sudden cardiac death 
are addressed. To our knowledge no case of sudden car-
diac death or myocardial infarction of a professional 
athlete in alpine skiing has been published.

Myocardial infarction

In a retrospective analysis of consecutive patients ad-
mitted to the Department of Cardiology at Innsbruck 
Medical University, Austria, with the diagnosis of an 
acute myocardial infarction, Klug et al. [63] analysed 
110 patients (non-Austrian tourists, mean age 60 ± 10 
years, 16% women, 71% ST-elevation myocardial infarc-
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tion, 23% known coronary artery disease) retrospec-
tively in the Tyrolean Alps in 2006–2010. During the 
first 2 days of physical activity, 56% of acute myocardial 
infarctions occurred. In tourists who suffered acute 
myocardial infarction during or within 1 hour after 
cessation of activity (52%), the mean time from the 
start of the activity to the onset of symptoms was 
2.0 ± 1.7 h. In total, 56% of patients performed less than 
2.5 h of sport per week before their holidays and 
may therefore be considered as untrained. Also, 70% 
had ≥2 cardiovascular risk factors. Less than 18% of the 
93 events occurred after day 4 of skiing [64]. 
A French prospective registry investigated the man-
agement and outcomes of ST-segment elevation myo-
cardial infarction (STEMI) in the French Alps between 
January 2006 and December 2008. In summary, the 
authors reported 114 patients with a STEMI of less than 
12 hours duration, occurring in a ski resort or at high 
altitude and managed by the RESURCOR care system. 
A total of 93% of patients were men; the mean age was 
57 years. STEMIs occurred during or less than 1 hour af-
ter physical activity in 76.3% of cases (42.1% during or 
after alpine skiing). Killip class ≥2 and cardiac arrests 
were observed in 35 and 7.9% of cases, respectively. A 
total of 52 (45.6%) patients underwent thrombolysis 
and 62 (54.4%) had a percutaneous coronary interven-
tion (PCI). Median delays were: first call to treatment, 
82 min (17–230 min); symptoms to treatment, 165 min 

(52–770 min). All delays were significantly longer for 
PCI than for thrombolysis. First call to treatment delay 
was less than 120 min in 98.1% of patients who under-
went thrombolysis and in 51.6% who had percutaneous 
coronary intervention (p <0.0001). In-hospital survival 
was 96.5%. Chacornac et al. concluded that altitude 
STEMIs happened mainly during sporting activities, 
especially alpine skiing, in the investigated region. 
Clinical pre sentation was often severe, but an emer-
gency coronary care network allowed rapid reperfu-
sion [65].
Interestingly, the geographic variations between the 
French and the Austrian Alps highlight the difference 
in the initial revascularisation strategy. Whereas in 
France, thrombolysis and PCI were almost balanced, 
not one of the reported Austrian STEMI patients was 
treated with thrombolysis, presumably because of geo-
graphical differences and consequently faster access to 
percutaneous coronary intervention facilities.

Sudden cardiac death

It has been discussed extensively whether physical ex-
ertion is not only a means of decreasing cardio vascular 
risk, but rather a risk factor for sudden cardiac death it-
self. This is true for summer sports such as marathon 
running [66] but also for mountain sports. Burtscher 
and Ponchia [67] report an annual death rate of 0.76 per 

Figure 1: Overview of cardiovascular benefits and risks of recreational alpine skiing.
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100 000 persons in alpine skiers in the Austrian Alps 
(up to approximately 3 800 m above sea level). About 
25% of all deaths were attributed to the cardiac system. 
The frequencies of cardiac causes of death were par-
ticularly high in mountain sports preferred by the 
 elderly, such as alpine skiing [68]. About 43% of alpine 
skiers in the Austrian Alps are older than 40 years and 
15.3 to 28.0% of those had pre-existing cardiovascular 
diseases [69]. As a result, the risk of cardiovascular 
events during skiing in the mountains increases 
sharply with age. Male skiers older than 35 years com-
prised about 90% of all deaths [67]. 
In a detailed analysis of sudden cardiac deaths in 
downhill skiing, Burtscher et al. [1] evaluated the risk 
factor profiles of 68 males who died from sudden car-
diac death during downhill skiing and compared them 
with those of 204 matched controls. Skiers who suf-
fered sudden cardiac death had prior myocardial in-
farction more frequently (41 vs 1.5%; p <0.001), hyper-
tension (50 vs 17%; p <0.001), known coronary heart 
disease without prior myocardial infarction (9 vs 3%; 
p = 0.05) and were less engaged in strenuous exercise 
(4 vs 15%; p <0.05) than controls. Multivariate analyses 
underscored the importance of these risk factors. In 
figure 1, the cardiovascular benefits and risks of alpine 
skiing are summarised.

Discussion

Current literature clearly indicates that alpine skiing is 
safe and beneficial and can also be recommended to 
the elderly. Like in other training interventions, pre-
ventive measures such as starting slowly on the first 
days or being optimally treated with respect to the risk 
profile is warranted, so that alpine skiing can unfold its 
huge potential on altering the cardiovascular risk pro-
file. Nevertheless, as with other sports, elderly subjects 
should undergo an annual cardiovascular check-up, 
which should at least include a 12-lead ECG and, even 
better, a maximal ergometry in order to reduce the 
risk of exercise-induced cardiovascular events. Indeed, 
during the run-in phase of the SASES study, stress test-
ing revealed a ST-segment depression in one of the sub-
jects, requiring coronary angiography and subsequent 
coronary artery bypass graft [70]. Overall, the data sup-
port a potentially important role of skiing as part of 
a year-round exercise programme that contributes to a 
reduction in cardiovascular risk. Former or current el-
derly skiers may very well be encouraged to continue 
with or to revive their skiing practice. As shown in the 
study of Burtscher et al. [46], skiing reveals its potential 
benefits in a dose-dependent fashion also after de cades 
of regular skiing. 

The study by Klug et al. [63] sheds light on the possible 
mechanism of cardiovascular events during skiing, 
namely that relatively untrained subjects do too much 
in their skiing holidays within the first days. As in all 
sports, elderly subjects are advised to undergo an an-
nual physical check-up in order to detect and treat car-
diovascular risk factors. ECG-based ergometry prior to 
skiing might prevent the majority of cardiovascular 
casualties. Furthermore, the physician can give in-
formed advice to start slowly with skiing. Faulhaber et 
al. [71] conducted a survey on the prevalence of cardio-
vascular diseases such as coronary artery disease with 
and without prior myocardial infarction, arterial hy-
pertension, and arrhythmias in a representative sam-
ple of 1 043 alpine skiers in the Austrian Alps. A total of 
11.2% (9.3 to 13.1) of the skiers suffered from at least one 
type of cardiovascular disease. The frequency of 
 car dio  vascular diseases is age-dependent and more 
pronounced in men, the group known to represent the 
vast majority of fatalities. Skiing-related increased 
sympathetic activity might well disturb the autonomic 
balance with subsequent arrhythmias and/or may 
 increase cardiac work and platelet aggregability with 
possible plaque rupture and coronary thrombosis. 
Therefore, adaptation to high-intensity exercise and 
therapeutic interventions or abstinence from skiing in 
certain cases should be considered for downhill skiers 
at high risk.
Numerous studies have reported an age-dependent de-
cline of VO2max of about 10% per decade. Other studies 
have proved the hypothesis that physically active sub-
jects suffer a decline of only about 5% per decade [72]. 
Myers et al. [73] reported 1 256 deaths of 6 213 veterans 
who underwent routine exercise testing during a fol-
low-up period of 6.2 ± 3.7 years and found that exercise 
capacity was the strongest independent predictor of all 
cause-mortality in these subjects, even stronger than 
the well-established risk factors such as smoking, arte-
rial hypertension, dyslipidaemia or diabetes. Given 
this fact, the result of significant improvement of 
 VO2max in the skiing group of the SASES study 
(+2.0 ± 2.0 ml/kg/min; p = 0.005) suggests a substantial 
reduction in the overall cardiovascular risk. This 
change corresponds well with other studies in older 
subjects, although exer cise training other than skiing 
was performed (+2.0 ml/kg/min; p <0.0001 [74] or +3.0 
ml/kg/min; p <0.001 [75]).
The average body composition of elderly Caucasians is 
slightly different in males and females. Several longi-
tudinal and cross-sectional studies investigated the 
 average fat mass of certain ages and taken together 
these studies indicate an increase in fat mass of about 
1% of the body mass per decade [76]. As fat is a highly 
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metabolic tissue also involved in the pathogenesis of 
athero sclerosis [77], a reduction of fat mass, mainly vis-
ceral fat, is associated with a reduction of cardiovascu-
lar risk. In the SASES study fat mass decreased by –2.3% 
(p <0.0001) in skiers and remained unchanged in the 
control group (±0.0% [p = 0.866]; IG vs CG: p <0.0001). 
As total weight and therefore body mass index (BMI) 
remained essentially unchanged, an increase in fat-
free mass could be achieved, namely muscle mass. 
Given an age-dependent decline of muscle mass and 
an increase of fat mass accompanied by a further in-
crease in total weight in most of the elderly, a 2% reduc-
tion of the fat/muscle  ratio is quite impressive. Other 
training studies report a similar effect on body compo-
sition with other interventions such as strength train-
ing or ergometer-based endurance training [78]. 
It is of interest to patients who suffer from arterial 
 hypertension, how blood pressure changes during 
 alpine skiing. Krautgasser et al. [79] studied six healthy 
subjects (mean age: 61.2 ± 4.6 yrs; BMI: 26.9 ± 5.0) in a 
laboratory and during 30 and 75 min of recreational 
downhill skiing. There was no difference for diastolic 
blood pressure between field and laboratory tests; 
however, systolic blood pressure increased after 
30 min of skiing to 171 ± 20 (p <0.009) and 165 ± 17 (p 
<0.003) after 75 min. These values remained below the 
mean peak systolic blood pressure determined in labo-
ratory tests (218 + 31). The authors conclude that no dra-
matic blood pressure peaks are achieved during recre-
ational skiing.
Alpine skiing and ski training include elements of both 
endurance and of strength training and both result in 

beneficial metabolic effects. Besides the cardiovascular 
effects, the muscular changes as well as the changes in 
tendon on presumably bone density remain of utmost 
importance for elderly subjectsin order to counteract 
frailty, falls and sarcopenia with all its related prob-
lems.

Conclusion

In conclusion, it is the opinion of the authors that the 
cardiovascular benefits far outweigh the potential car-
diovascular risks in recreational alpine skiing. How-
ever, the possibility of serious adverse events is real 
and should be counteracted by adequate screening 
and, if necessary, preventive action prior to starting 
 alpine skiing. Overall, the reported data support an 
 important role of alpine skiing as part of a year-round 
exercise programme which largely contributes to a 
 reduction in cardiovascular risk. Former or current 
 elderly skiers may very well be encouraged to revive or 
to continue with their skiing practice.
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