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Aims In the context of recent concerns regarding performance enhancing techniques and potential negative health effects of
high-level physical activity, data on the long-term outcomes and causes of death in elite endurance cyclists are of particular
interest.

Methods Characteristics and vital status of all French participants in the Tour de France were collected for the 1947—-2012 period.

and results Causes of death were obtained from 1968. Overall and disease-specific mortalities were compared with the French male
population using overall and specific standardized mortality ratios (SMRs) with their 95% confidence intervals (Cls).
Among the 786 French cyclists who participated at least once between 1947 and 2012, 208 (26%) died by 1 September
2012.Neoplasms and cardiovascular diseases accounted for 61% of deaths. We observed a41% lower mortality in French
cyclists (SMR: 0.59, 95% Cl: 0.51-0.68, P < 0.0001), which did not change over time (P = 0.70). It was observed for main
mortality causes: for neoplasms (SMR:0.56; 95% Cl:0.42—-0.72,P < 0.0001) and for cardiovascular death (SMR:0.67;95%
Cl: 0.50-0.88, P = 0.004), except mortality related to external causes (SMR: 1.06, 95% Cl: 0.71—-1.53, P = 0.80).

Conclusion We observed a substantially and significantly lower mortality in participants in the Tour de France, compared with the
general male population. However, our results do not allow us to assess in detail the balance between positive effects
of high-level sports activity and selection of healthy elite athletes, vs. any potential deleterious effects of excessive physical
exercise or alleged doping.
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Introduction The benefit of regular physical activity is well known and has been

recommended for both primary and secondary prevention of cardio-

The Tour de France is the world’s most celebrated endurance vascular diseases.>~* While the benefit of moderate regular physical

cycling event and celebrates its 100th race in 2013." The race has
been held annually since 1903 except during the two World
Wars. As the Tour gained prominence and popularity, the race
was lengthened and its popularity extended around the globe.
Thisis a21 days competition with 2 days of rest during July covering
more than 3200 km.

activity has been clearly demonstrated, recent controversy exists
regarding the potential adverse effects of regular strenuous physical
exercise.”~” Inthis context, the long-term outcome of elite athletes is
of particular interest, although data are scarce on this issue.®” To the

10,11

best of our knowledge, there are, very few data on cycling, and

none addressed the issue of specific causes of death. The Tour de
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France is arguably one of the most physiologically demanding sports
compe‘cition.12 The effort involved has been compared with ‘running
a marathon several days a week for nearly three weeks’, while the
total elevation of the climbs was compared with ‘climbing three Ever-
ests”.">*In addition, as recently emphasized, the Tour de France has
been the subject of many controversies because of exposure to
performance enhancing techniques, in the past and still recently."""®
described as potentially promoting an increase in mortality.'®

We therefore undertook a study aiming to evaluate and compare
overall mortality and specific causes of death among French participants
in the Tour de France from 1947 to 2012, vs. the community average.

Methods

Data collection

Data on Tour de France French participants, for the 1947—-2012 period,
were collected from the two official Websites (http:/www.memoire-du-
cyclisme.eu, http://www.letour.fr) and complemented with two other
sources (http://www.wikipedia.org/, http:/www.siteducyclisme.net/).
Identity information was confirmed via the National Registry for Identifi-
cation of Physical Persons (RNIPP) from the National Institute of Statis-
tics Economical Studies (INSEE). The study was approved by the ethical
committee Advisory Committee on Information Processing in Research
in the Field of Health (CCTIRS) and the French National Commission for
Data Protection and Liberties (CNIL) in 2012.

Vital status was confirmed via the National Registry for Identification of
Physical Persons (RNIPP) from the National Institute of Statistics Eco-
nomical Studies (INSEE). Causes of death were obtained from the
French Center on Medical Causes of Death (CépiDc—INSERM), which
is able to provide the causes of death occurring in France since 1968. A
2-year lag exists between the availability of mortality status and the cor-
responding cause of death. Therefore, in the current study, the mortality
status of all the French cyclists who had participated at least once in Tour
de France from 1947 to 2012 was available by September 2012, while the
specific causes of deaths could be retrieved until 2010. Causes of deaths
were classified according to the International Classification of Diseases
(8th revision before 1978, 9th revision between 1979 and 1999, 10th Re-
vision after 2000).

Statistical analysis

Characteristics of subjects were described as means + SD, proportions
(%), median, and inter-quartile ranges (IQR) when appropriate. The
overall mortality (from 1947 to 2012) and specific causes of death
(from 1968 to 2010) of the French cyclists who had participated at
least once in Tour de France from 1947 to 2012 were compared with
that of the French male population of comparable age during the same
period. The follow-up for each cyclist was defined by the difference
between the date of endpoint (1 September 2012 if alive or date of
death) and the date ofits first participation to the Tour de France. Person-
years and standardized mortality ratio (SMR) were computed."” Standar-
dized mortality ratios were calculated by 5-year-age class and 1-year
interval, and their 95% confidence intervals were calculated using the
exact method.'® Standardized mortality ratio is the ratio of the number
of observed deaths in our cyclists over the expected number of deaths
in the cyclists if they had had the mortality rate of a referent population
of similar age, here the male French population. An SMR <1 indicates
lower mortality, whereas an SMR >1 indicates higher mortality in the
cyclists when compared with the referent population. The period
effect was explored using two complementary approaches. First, to
address (indirectly) the possible effect of doping on long-term mortality,

cyclists were grouped according to three 20-year-time periods of partici-
pationto the Tour de France (1947-70,1971-90,and 1991-2010), cor-
responding schematically with the reported or suspected use of
amphetamines, steroid, and erythropoietin, respectively.'” Thereafter,
SMRsaccordingto the period of participation were calculated according-
ly. Since only the youngest are considered for the last period, no death
was observed in this group by 1 September 2012. Secondly, to account
for mortality trends over time, deaths that occurred within each
20-year-time period were considered and the corresponding SMRs esti-
mated. To further take into account a possible age period interaction, we
performed a binomial model (SAS PROC GENMOD).

In addition, as an exploratory analysis, we estimated the number of
additional years gained among the cyclists when compared to the
general male population. For that purpose, we assessed the life span in
the deceased cyclists and compared it to the life expectancy of the
male general population of same age and period. This was done only in
years where the deceased cyclists accounted for more than 60% of the
cohort (i.e. 1947 to 1951).

Overall mortality rate from the community was calculated using the
Human Mortality Database (http:/www.mortality.org/). P-values of
<0.05 were considered to indicate statistical significance. All data were
analysed using SAS software v9.3 (SAS Institute, Inc., Cary, NC, USA).

Results

General population and cyclists overall
mortality

A total of 786 French elite cyclists participated at least once in the
Tour de France between 1947 and 2012 (Figure 7). With a mean par-
ticipation of 2.5 Tour de France by cyclist, they represented 29.7% of
the total participants. The median age at the first participation was
25.1 (23.7-26.6) years, and year of birth of the participants ranged
from 1910 to 1989. The median duration (IQR) of follow-up was
37.4 (23.5-49.8) years.

Among this cohort of 786 French cyclists, 208 (26%) were known
to have died by 1 September 2012. Compared with the general popu-
lation, we observed a 41% lower mortality in French cyclists (SMR:
0.59; 95% Cl: 0.51-0.68, P < 0.0001). Standardized mortality ratios
were consistent across age, except for ages <30 years in whom a
non-significant SMR of 1.65 (0.75—3.25) was observed (Figure 2).
Standardized mortality ratios were also consistent after grouping
cyclists by their period of participation to the Tour de France. Of
the 391, 220, and 175 cyclists who participated to the Tour de
France in the 1947-70, 1971-90, and 1991-2012 periods, respect-
ively, 188, 20, and O had died by September 2012. This yielded SMRs
of0.59 (0.51-0.69) and 0.68 (0.39—1.11) for those who participated
in the 1947—-70 and 1971-90 periods, respectively. Furthermore,
Figure 3 illustrates the lower mortality in the cyclists when compared
with the male general population across the three time periods
(1947-70, 1971-90, and 1991-2010): 0.56 (95% Cl: 0.28—-1.01),
0.54 (95% ClI:0.39-0.72),and 0.62 (95% Cl:0.52—-0.73), respectively
(P for difference = 0.70, P for age period interaction = 0.49).

Causes of death

Although there was no loss to follow-up for total mortality, specific
causes of deaths were missing in seven cyclists (three were due
to death which occurred outside France and four were of
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Figure 2 Standardized mortality ratio by 5-year-age class. Standardized mortality ratios were consistent across age, except for ages <30 years
among whom only nine cyclists died. For this latter, an excess of mortality was suggested although the standardized mortality ratio was not statistically

significant.

undetermined cause). The three principal causes of death were neo-
plasms (32.2%), cardiovascular diseases (29.0%),and external (mainly
trauma-related) causes (15.8%). The three main cancers were digest-
ive (35%), lung (22%), and prostate (7%). Among the 53 deaths
related to cardiovascular diseases, we denoted 39 cardiac deaths
(74%). Other causes of death included infectious diseases (2.2%),
endocrine and nutritional diseases (2.2%), neurological (2.2%), di-
gestive system diseases (2.2%), and genitourinary disease (1.1%).

There was no death due to blood disease. Among the nine deceased
cyclists aged <30 years, six (66%) were related to accidents (races
and traffic accident), two to cardiac causes, and one to an unknown
cause. Of note, no death occurred during the Tour de France
among these 786 French participants.

Table 1 shows the SMRs for specific cause of death. Overall,
the direction and the magnitude of the SMRs by cause of death
were comparable to the overall SMR: neoplasms (SMR: 0.56, 95% Cl:
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Figure 3 Standardized mortality ratio over time. We observed a
lower mortality in the cyclists as compared to the male general
population across the three time periods (1947-70, 1971-90,
and 1991-2010), without any significant difference over time.

0.42-0.72, P < 0.0001), cardiovascular diseases (SMR: 0.67, 95% Cl:
0.50-0.88, P = 0.004), and respiratory system diseases (SMR: 0.28,
95% Cl: 0.09-0.65, P =0.003), digestive system diseases (SMR:
0.22, 95% Cl: 0.06—0.56, P = 0.001). However, no clear difference
was observed between cyclists and the general population regarding
mortality related to external causes (SMR: 1.06, 95% Cl: 0.71-1.53,
P = 0.80).

To putinto perspective the potential benefit in terms of life-years
gained, we estimated the additional life span of cyclists who partici-
pated to the Tour. Among the 109 cyclists who participated in the
Tour between 1947 and 1951, mean additional life span was 6.3
years compared to the general population.

Discussion

We observed a significant 41% lower mortality among French elite
cyclists from the Tour de France, compared with the general male
population. This reduction in overall mortality was relatively homo-
geneous across ages (except for ages <30), time periods, and
major causes of death (except for external causes of death).

It has been traditionally suggested that a higher dose of physical ac-
tivity has an additional benefit on reducing all-cause mortality (that is,
a dose—response relationship).2%?' The recent results of two large
cohort studies have proposed the concept of a U curve, with a
strong benefit of moderate physical activity, but possibly a deleteri-
ous effect in case of particularly strenuous and sustained physical
activity.>® These new findings have been illustrated by recent basic
and clinical published data on the effects of ‘excessive’ sport exposure
and cardiac remodelling.”*~%’ Training induces volume- and time-
dependent morphological and functional changes in the heart. Heart
rhythm disorders, such as atrial arrhythmia (including atrial fibrillation
and atrial flutter), are a well-established association with such long-
term endurance practice.”®*® Veteran athletes have a higher

Table | Standardized mortality ratio by causes of
death

Expected  Observed
Death Death SMR 95% Cl
Infectious diseases 5.44 4 0.74 (0.20-1.88)
Neoplasms 106.01 59 0.56 (0.42-0.72)
Endocrine and 6.90 4 0.58 (0.16-1.48)
nutritional
diseases
Mental disorders 6.61 3 0.45 (0.09-1.33)
Nervous system 9.05 4 0.44 (0.12-1.13)
diseases
Cardiovascular 78.87 53 0.67 (0.50-0.88)
diseases
Respiratory system 17.87 5 0.28 (0.09-0.65)
diseases
Digestive system 18.21 4 0.22 (0.06-0.56)
diseases
Musculoskeletal 1.1 1 0.90 (0.02-5.02)
diseases
Genitourinary system 3.66 2 0.55 (0.07-1.98)
diseases
Ill-defined conditions  14.03 8 0.57 (0.25-1.12)
External causes 27.29 29 1.06 (0.71-1.53)

Causes of deaths were classified according to the International Classification of
Diseases (8th revision before 1978, 9th revision between 1979 and 1999, 10th
Revision after 2000).

prevalence of atrial fibrillation and sinus node disease.”®~° It has
beenalso recently suggested that long-term excessive exercise may ac-
celerate ageing in the heart, as evidenced by increased coronary artery
calcification, diastolic ventricular dysfunction and large-artery wall stif-
fening®" Finally, although shorter exercise duration has been asso-
ciated with favourable antioxidant and vascular effects, longer
exercise seems to blunt these beneficial effects and to yield adverse
effects on vascular function.*

The observed significant reduction in overall mortality in our
cohort of French participants in the Tour de France, compared
with the community average, should be interpreted with caution
for the following reasons. First, there is a significant selection bias,
as only the healthiest and fittest individuals are likely to be able to
compete at such elite levels.*® Such excellence in sport may be due
in part to genetic predisposing factors.”*** On the other hand,
the reference population includes males from the community with
potentially prevalent chronic disease and illness putting them at a
higher risk of death, exaggerating, therefore, the difference in mortal-
ity between the cyclists of the Tour de France and the community
average. Secondly, participation in the Tour de France and the pre-
ceding years of training represent a relatively small part of each ath-
lete’s lifespan, and thus it is hard to attribute the observed lower
mortality solely to participation in the Tour de France. Thirdly, and
as a corollary, confounding factors may have played a role in this
observed lower mortality. In particular, data on the lifestyle habits
after their athletic career would have been informative but were un-
fortunately unavailable in the present study. Interestingly, former elite
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athletes, especially endurance athletes, tend to maintain active and
healthy lifestyles later in life, by engaging in more physical activity
and smoking less than those in the general population.®¢~3#

As recently emphasized, the Tour de France seems to have been
the matter of controversies because of exposure to performance en-
hancing techniques."* Doping is associated with serious health com-
plications, of which the most common and especially dangerous
involve the cardiovascular sys‘cem.18 Doping may have attenuated
the association between participation to the tour de France and
lower long-term mortality in our cohort. Three main periods of pro-
hibited substances use have been described: amphetamines and
cocaine use in the 1950—-60s; androgens and anabolic steroids use
between the 1970s and 80s, and since 1990, the use of growth
hormone and erythropoietin. Although we could not directly esti-
mate the effect of doping, analysis by time period is rather reassur-
ing. These are exploratory analysis and we lacked time of follow-up
for the last period, i.e. the possible effect of erythropoietin on long-
term mortality.

To the best of our knowledge, comparable data on overall
mortality among elite cyclists are only available from the study of
Sanchis-Gomar et al."® Although their data have added substantial
information to the field, their findings remained limited to cyclists
who participated to the Tour de France before 1964, without spe-
cific cause of death analysis. Specific cause of death analysis has
been addressed in athletes in general or in specific sports such as
soccer, American football, and cross-country skiing.&”*43 Our find-
ings confirm the significant reduction in overall mortality, as well as
the relatively homogeneous risk reduction distributed across differ-
ent causes of death. Notably, we found particularly low-specific mor-
tality rates regarding cancer and cardiovascular diseases compared
with the general population of the same age. In contrast, we did
not observe any excess mortality in any specific mode of death, con-
trasting, for example, with the experience among American Football
league players (with neurodegenerative mortality estimated to be
three times higher than that of the general US population, possibly
related to the higher chronic traumatic encephalopathy), or among
soccer players (who had more amyotrophic lateral sclerosis)
reported so far. However, these studies are limited by the relatively
few absolute numbers of deaths, as well as large differences in the
accuracy of death certificates in different areas of the same
countr‘y.”"‘o'44 Furthermore, we found consistent lower mortality
across age group. Notably, a non-significant excess mortality was
observed in the youngest. Although speculative, these young cyclists
may harbour cardiomyopathy or ion channel disease that is more
likely to trigger a sudden death during such demanding effort.** 8
In our study however, a particularly high frequency of death related
to traffic or race accident was observed in that young age group.

Although we report here the first cause of death analysis among
elite cyclists compared with the general French population and had
no loss of follow-up regarding their mortality status, we acknowledge
some limitations. First, as an observational study, no causal inference
can be made between participation in the Tour and the observed
lower mortality. In particular, except age, and time periods, we
were not able to adjust for potential confounding factors. Secondly,
French cyclists represent only 30% of all Tour participants, and the
extent to which these results apply to other nationalities is uncer-
tain."" Although genetic background and some environmental

factors may differ between countries, it seems likely that the charac-
teristics of such highly selected athletes are broadly comparable
across countries. Third, analysis was restricted to mortality while
morbidity and quality of life data were not available. Finally, the reli-
ability of death certificates for the diagnosis of the causes of death
and of sudden death in particular is questionable.*

Conclusion

We observed a substantially and significantly lower mortality in par-
ticipants in the Tour de France, compared to the general male popu-
lation. However, our results do not allow us to assess in detail the
balance between positive effects of high level sports activity and se-
lection of healthy elite athletes, vs. any potential deleterious effects
of excessive physical exercise or alleged doping.

Funding

Institut National de la Santé et de la Recherche Médicale (INSERM) and
Institut de Recherche BioMédicale et d’Epidémiologie du Sport (IRMES).
E.M. was funded by PhD research grant support from the French Feder-
ation of Cardiology.

Conflict of interest: none declared.

References

1. Tour de France 2013 [Internet]. Tour de France 2013. [cited 2013 Jun 29]. Available
from: http://www.letour.fr/le-tour/2013/us/.

2. Paffenbarger RS Jr, Hyde RT, Wing AL, Hsieh CC. Physical activity, all-cause mortal-
ity, and longevity of college alumni. N Engl | Med 1986;314:605—613.

3. Berlin]A, Colditz GA. A meta-analysis of physical activity in the prevention of coron-
ary heart disease. Am | Epidemiol 1990;132:612—-628.

4. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, Macera CA,
Heath GW, Thompson PD, Bauman A. Physical activity and public health: updated
recommendation for adults from the American College of Sports Medicine and
the American Heart Association. Circulation 2007;116:1081-1093.

5. Wen CP, Wai P, Tsai MK, Yang YC, Cheng TY, Lee MC, Chan HT, Tsao CK, Tsai SP,
Wu X. Minimum amount of physical activity for reduced mortality and extended life
expectancy: a prospective cohort study. Lancet 2011;378:1244—1253.

6. Schnohr P, Marott JL, Lange P, Jensen GB. Longevity in male and female joggers: the
Copenhagen City Heart Study. Am | Epidemiol 2013;177:683—-689.

7. Benito B, Gay-Jordi G, Serrano-Mollar A, Guasch E, Shi Y, Tardif JC, Brugada J,
Nattel S, Mont L. Cardiac arrhythmogenic remodeling in a Rat model of long-term
intensive exercise training. Circulation 2010;123:13-22.

8. Schnohr P. Longevity and causes of death in male athletic champions. Lancet 1971;
298:1364-1366.

9. Teramoto M, Bungum TJ. Mortality and longevity of elite athletes. | Sci Med Sport
2010;13:410-416.

10. Sanchis-Gomar F, Olaso-Gonzalez G, Corella D, Gomez-Cabrera MC, Vina .
Increased Average Longevity among the ‘Tour de France’ Cyclists. Int | Sports Med
2011;32:644-647.

11. El Helou N, Berthelot G, Thibault V, Tafflet M, Nassif H, Campion F, Hermine O,
Toussaint JF. Tour de France, Giro, Vuelta, and classic European races show a
unique progression of road cycling speed in the last 20 years. | Sports Sci 2010;28:
789-796.

12. LuciaA, Earnest C, Arribas C. The Tour de France:a physiological review. Scand | Med
Sci Sports 2003;13:275-283.

13. Coyle D. What He’s Been Pedaling. The New York Times [Internet]. 2006 Jul 16
[cited 2013 Jun 29]; Available from: http:/www.nytimes.com/2006/07/16/
magazine/16landis.html.

14. Padilla S, Mujika I, Santisteban J, Impellizzeri FM, Goiriena J). Exercise intensity and
load during uphill cycling in professional 3-week races. Eur | Appl Physiol 2008;102:
431-438.

15. Lentillon-Kaestner V. The development of doping use in high-level cycling: from
team-organized doping to advances in the fight against doping. Scand | Med Sci
Sports 2013;23:189-197.

16. Pérssinen M, Kujala U, Vartiainen E, Sarna S, Seppild T. Increased premature mortal-
ity of competitive powerlifters suspected to have used anabolic agents. Int | Sports
Med 2000;21:225-227.

€T0Z ‘S Joqueidas uo Akeliql] SeousIoS YiesaH pueaa|) e /Hio'sfeulnolploxo: xeayns//:dny woiy papeo jumoq


http://www.letour.fr/le-tour/2013/us/
http://www.letour.fr/le-tour/2013/us/
http://www.letour.fr/le-tour/2013/us/
http://www.letour.fr/le-tour/2013/us/
http://www.letour.fr/le-tour/2013/us/
http://www.nytimes.com/2006/07/16/magazine/16landis.html
http://www.nytimes.com/2006/07/16/magazine/16landis.html
http://www.nytimes.com/2006/07/16/magazine/16landis.html
http://www.nytimes.com/2006/07/16/magazine/16landis.html
http://www.nytimes.com/2006/07/16/magazine/16landis.html
http://www.nytimes.com/2006/07/16/magazine/16landis.html
http://www.nytimes.com/2006/07/16/magazine/16landis.html
http://eurheartj.oxfordjournals.org/

Page 6 of 6

E. Marijon et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Marchand J-L. Generating person-years and calculating SMR using SAS: a simple

program for exact calculations. Rev Epidemiol Sante Publique 2010;58:370—374.

. Liddell FD. Simple exact analysis of the standardised mortality ratio. | Epidemiol Com-

munity Health 1984;38:85-88.

. Deligiannis A, Bjoérnstad H, Carre F, Heidbiichel H, Kouidi E, Panhuyzen-

Goedkoop NM, Pigozzi F, Schanzer W, Vanhees L; ESC Study Group of Sports
Cardiology. ESC Study group of sports cardiology position paper on adverse cardio-
vascular effects of doping in athletes. Eur | Cardiovasc Prev Rehabil 2006;13:687 —694.
Leon AS, Connett J, Jacobs DR Jr, Rauramaa R. Leisure-time physical activity levels
and risk of coronary heart disease and death. The Multiple Risk Factor Intervention
Trial. JAMA 1987;258:2388-2395.

Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, Buchner D,
Ettinger W, Heath GW, King AC, Kriska A, Leon AS, Marcus BH, Morris J,
Paffenbarger RS, Patrick K, Pollock ML, Rippe JM, Sallis J, Wilmore JH. Physical activity
and public health. A recommendation from the Centers for Disease Control and
Prevention and the American College of Sports Medicine. JAMA 1995;273:402—407.
EctorJ, Ganame J, van der Merwe N, Adriaenssens B, Pison L, Willems R, Gewillig M,
Heidbtichel H. Reduced right ventricular ejection fraction in endurance athletes pre-
senting with ventricular arrhythmias: a quantitative angiographic assessment. Eur
Heart | 2007;28:345-353.

Guasch E, Benito B, Qi X, Cifelli C, Naud P, Shi Y, Mighiu A, Tardif JC, Tadevosyan A,
Chen Y, Gillis MA, Iwasaki YK, Dobrev D, Mont L, Heximer S, Nattel S. Atrial fibril-
lation promotion by endurance exercise demonstration and mechanistic explor-
ation in an animal model. | Am Coll Cardiol 2013;62:68—77.

La Gerche A, Burns AT, Mooney DJ, Inder W), Taylor A, Bogaert J, Macisaac Al,
Heidbtichel H, Prior DL. Exercise-induced right ventricular dysfunction and struc-
tural remodelling in endurance athletes. Eur Heart | 2012;33:998—1006.
Breuckmann F, M&hlenkamp S, Nassenstein K, Lehmann N, Ladd S, Schmermund A,
Sievers B, Schlosser T, Jéckel KH, Heusch G, Erbel R, Barkhausen J. Myocardial late
gadolinium enhancement: prevalence, pattern, and prognostic relevance in mara-
thon runners. Radiology 2009;251:50—57.

Abergel E, Chatellier G, Hagege AA, Oblak A, Linhart A, Ducardonnet A, Menard ).
Serial left ventricular adaptations in world-class professional cyclists: implications for
disease screening and follow-up. | Am Coll Cardiol 2004;44:144—149.

Abergel E, Linhart A, Chatellier G, Gariepy J, Ducardonnet A, Diebold B, Menard J.
Vascularand cardiac remodeling in world class professional cyclists. Am Heart | 1998;
136:818—-823.

Mozaffarian D, Furberg CD, Psaty BM, Siscovick D. Physical activity and incidence of
atrial fibrillation in older adults: the cardiovascular health study. Circulation 2008;118:
800-807.

Link MS, Olshansky B, Estes NA Ill. Cardiac arrhythmias and the athlete. Curr Opin
Cardiol 1999;14:24-29.

Hood S, Northcote R]. Cardiac assessment of veteran endurance athletes: a 12 year
follow up study. Br | Sports Med 1999;33:239-243.

Méhlenkamp S, Lehmann N, Breuckmann F, Brocker-Preuss M, Nassenstein K,
Halle M, Budde T, Mann K, Barkhausen |, Heusch G, Jéckel KH, Erbel R; Marathon
Study Investigators; Heinz Nixdorf Recall Study Investigators. Running: the risk of
coronary events?: prevalence and prognostic relevance of coronary atherosclerosis
in marathon runners. Eur Heart | 2008;29:1903—-1910.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Michaelides AP, Soulis D, Antoniades C, Antonopoulos AS, Miliou A, loakeimidis N,
Chatzistamatiou E, Bakogiannis C, Marinou K, Liakos C, Stefanadis C. Exercise dur-
ation as a determinant of vascular function and antioxidant balance in patients with
coronary artery disease. Heart 2011;97:832-837.

van Saase JL, Noteboom WM, Vandenbroucke JP. Longevity of men capable of pro-
longed vigorous physical exercise: a 32 year follow up of 2259 participants in the
Dutch eleven cities ice skating tour. BMJ 1990;301:1409-1411.

Frederiksen H, Christensen K. The influence of genetic factors on physical function-
ing and exercise in second half of life. Scand | Med Sci Sports 2003;13:9-18.
Williams AG, Folland JP. Similarity of polygenic profiles limits the potential for elite
human physical performance. | Physiol 2008;586:113—121.

Fogelholm M, Kaprio J, Sarna S. Healthy lifestyles of former Finnish world class ath-
letes. Med Sci Sports Exerc 1994;26:224-229.

Kujala UM, Sarna S, Kaprio J, Tikkanen HO, Koskenvuo M. Natural selection to
sports, later physical activity habits, and coronary heart disease. Br | Sports Med
2000;34:445-449.

Schaal K, Tafflet M, Nassif H, Thibault V, Pichard C, Alcotte M, Guillet T, El
Helou N, Berthelot G, Simon S, Toussaint JF. Psychological balance in high level
athletes: gender-based differences and sport-specific patterns. PLoS One 2011;6:
e19007.

Taioli E. All causes mortality in male professional soccer players. Eur | Public Health
2007;17:600-604.

Lehman EJ, Hein M), Baron SL, Gersic CM. Neurodegenerative causes of death
among retired National Football League players. Neurology 2012;79:1970—-1974.
Kujala UM, Tikkanen HO, Sarna'S, Pukkala E, Kaprio J, Koskenvuo M. Disease-specific
mortality among elite athletes. JAMA 2001;285:44—45.

Grimsmo J, Maehlum S, Moelstad P, Arnesen H. Mortality and cardiovascular mor-
bidity among long-term endurance male cross country skiers followed for 28—30
years. Scand | Med Sci Sports 2011;21:e351-e358.

Belli S, Vanacore N. Proportionate mortality of Italian soccer players: is amyotrophic
lateral sclerosis an occupational disease? Eur | Epidemiol 2005;20:237-242.
Ragonese P, Filippini G, Salemi G, Beghi E, Citterio A, D’Alessandro R, Marini C,
Monsurrd MR, Aiello |, Morgante L, Tempestini A, Fratti C, Ragno M, Pugliatti M,
Epifanio A, Testa D, Savettieri G. Accuracy of death certificates for amyotrophic
lateral sclerosis varies significantly from north to south of Italy: implications for mor-
tality studies. Neuroepidemiology 2004;23:73—-77.

Drezner JA. Contemporary approaches to the identification of athletes at risk for
sudden cardiac death. Curr Opin Cardiol 2008;23:494—501.

Drezner JA. Detect, manage, inform: a paradigm shift in the care of athletes with
cardiac disorders? Br | Sports Med 2013;47:4-5.

Drezner JA, Levine BD, Vetter VL. Reframing the debate: screening athletes to
prevent sudden cardiac death. Heart Rhythm 2013;10:454—455.

Chugh SS. Early identification of risk factors for sudden cardiac death. Nat Rev Cardiol
2010;7:318-326.

Fox CS, Evans JC, Larson MG, Lloyd-Jones DM, O’Donnell CJ, Sorlie PD,
Manolio TA, Kannel WB, Levy D. A comparison of death certificate out-of-hospital
coronary heart disease death with physician-adjudicated sudden cardiac death. Am |
Cardiol 2005;95:856—-859.

€T0Z ‘S Joqueidas uo Akeliql] Seua oS YieaH puepas|) e /Hio'sfeulnolploxo: xeayns//:dny wodiy papeojumoq


http://eurheartj.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


