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INTRODUCTION

ABSTRACT

Regular physical exercise is an established recommendation for preventing and treating the main
modifiable cardiovascular risk factors, such as diabetes mellitus, hypertension, and dyslipidemia.
Performing physical activity of moderate intensity for a minimum of 30 min 5 days a week or of high
intensity for a minimum of 20 min 3 days a week improves functional capacity and is associated with
reductions in the incidence of cardiovascular disease and mortality. Physical exercise induces
physiological cardiovascular adaptations that improve physical performance, and only in extreme cases
can these adaptations lead to an increased risk of physical exercise-associated complications. The
incidence of sudden death or serious complications during physical exercise is very low and is
concentrated in people with heart diseases or with pathological cardiac adaptation to exercise. Most of
these cases can be detected by cardiology units or well-trained professionals.

© 2014 Sociedad Espafiola de Cardiologia. Published by Elsevier Espafia, S.L.U. All rights reserved.

Ejercicio fisico y salud

RESUMEN

La practica regular de ejercicio fisico es una recomendacién establecida para prevenir y tratar los
principales factores de riesgo cardiovascular modificables, como la diabetes mellitus, 1a hipertension y la
dislipemia. Realizar actividad fisica de intensidad moderada durante un minimo de 30 min 5 dias por
semana o de intensidad alta durante un minimo de 20 min 3 dias por semana mejora la capacidad
funcional y se asocia a reducciones en la incidencia de enfermedad cardiovascular y mortalidad. El
ejercicio fisico induce adaptaciones fisiolo6gicas cardiovasculares que mejoran el rendimiento fisico, y
solo en casos extremos pueden conducir a un riesgo aumentado de complicaciones asociadas al ejercicio
fisico. La incidencia de muerte stbita o complicaciones graves durante la practica de ejercicio fisico es
muy baja, se concentra en las personas con cardiopatias o con adaptacién cardiaca muy patoldgica al
ejercicio y la mayoria de estos casos los pueden detectar unidades de cardiologia o profesionales bien
instruidos.

© 2014 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espafia, S.L.U. Todos los derechos reservados.

which have become the leading cause of death in the last century
alone®; the predominance of cardiovascular disease has led to a

The human body, and particularly the cardiovascular system, is
the result of an evolutionary process aimed at increasing resistance
to the environment. Current understanding of the physiology of
different species indicates that humans developed their systems
evolutionarily, compared with reptiles, amphibians, and even
other mammals, to become more resistant to a lack of food or water
and prolonged physical activity.! However, the progressive
increase in life expectancy and certain lifestyle and dietary
changes in the last 6 decades have exposed the human species
to threats for which it is not prepared or biologically adapted. Most
factors determining this new vital scenario are directly related to
the development of risk factors and cardiovascular diseases,?
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search for treatments that, in some cases, modify even certain
adaptive mechanisms that the human body has developed during
the course of evolution.? In contrast, regular physical exercise is an
established recommendation for the treatment of the main
modifiable cardiovascular risk factors, such as diabetes mellitus,’
hypertension,® and dyslipidemia,” as well as excess weight,
although exercise is one of the least implemented measures by
both physicians and patients.®

EPIDEMIOLOGY

A sedentary lifestyle is defined as one that does not comply
with the recommendations for the practice of physical activity
of moderate intensity for a minimum of 30 min 5 days a week
or of high intensity for a minimum of 20 min 3 days a week. In
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recent decades, the prevalence of sedentary individuals has
slightly decreased; although somewhat contrasting data have
been reported, between 20% and 40% of the population can
be considered sedentary.'®~'®> Moreover, although knowledge of
energy requirements is important for adjusting and individualizing
nutritional recommendations, measurement of energy consump-
tion is difficult in routine clinical practice; thus, objectives to combat
sedentary lifestyles should aim to increase physical activity to
achieve, or even exceed, the general recommendations.’

The majority of people devote a considerable portion of their
day to work, which is usually used to justify a lack of physical
exercise. Nonetheless, physical activity performed during work
also confers protection against cardiovascular disease. Midway
through the last century, physical activity performed during
working hours was found to explain the difference in the
incidence of cardiovascular complications among workers in a
single company: bus drivers had more acute myocardial
infarctions than conductors who climbed the stairs of double-
decker London buses hundreds of times a day,'* a difference that
was also seen between post office workers and mail carriers or
delivery workers.!> Thus, physical activity performed during
work confers substantial protection against cardiovascular
diseases; however, physical activity during working hours has
clearly been reduced by changes in recent decades.'®'' This
development can be explained by the progressive automation
and sophistication of factory production lines, which have
decreased the physical effort expended by workers, who now
merely monitor the machinery. From the point of view of
cardiovascular prevention, this situation has become crucial,
and workers not performing office work now show a more
unfavorable cardiovascular risk profile than office workers. In an
extensive registry of workers in Spain, manual workers showed
more obesity, hypertension, and metabolic syndrome than office
workers and managers.'®
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PROTECTIVE MECHANISMS OF SPORT

Physical exercise is defined as any body movements produced
by the locomotor system to contract and relax muscles that involve
energy consumption. This movement generally increases oxygen
and nutrient use by the muscles. Muscle adaptation to exercise is
the basis of exercise training, and is measured both by the
adaptation and development of muscle fibers and by changes in
their metabolism, chiefly in mitochondria.!” Muscle adaptation is a
complex and poorly understood process that involves pathways as
diverse as calcineurin receptors, neoangiogenesis, increased gene
expression, mitochondrial metabolic reprogramming, and myosin
synthesis from muscular tissue itself. However, the effect of muscle
adaptation is not only vital in muscles, as it has been linked with
delayed aging via stabilization of mitochondrial telomerase.'®

Functional capacity and the amount of exercise are inversely
correlated with the development of cardiovascular risk factors'®
and with long-term mortality from cardiovascular and neoplastic
diseases (Figure 1).2° A striking example of this relationship was
revealed in a comparative study of the long-term prognosis of an
extensive sample of participants in the Tour de France vs the
general population, which showed that the cyclists had a 41%
lower rate of mortality, from both neoplasms (44%) and
cardiovascular diseases (33%).%"

Effects on the Cardiovascular System

Cardiovascular adaptation with training mainly involves the
following: a) an increase in stroke volume; b) an increase in heart
cavity volume and wall thickness; c) a decrease in heart rate both
at rest and during submaximal exercise, and d) an improvement in
myocardial perfusion.??

Cardiac output increases during physical activity due to an
increase in heart rate and stroke volume.?> During intense exercise,
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stroke volume can even be doubled; although this increase is
barely noticeable in untrained people, it is considerable and
continues until it reaches a maximum at levels of effort of between
50% and 60% of maximum oxygen consumption in fit athletes.”> At
this level of effort, the stroke volume stabilizes until very high
exercise intensities.

Another functional adaptation related to regular physical
exercise involves an increase in both cardiac chamber volume
and wall thickness; an increase in the former is the most important
factor for increasing cardiac output.?* In athletes that perform
aerobic endurance exercise, cardiac chamber volume predomi-
nates, although wall hypertrophy also develops after many years of
high-intensity training.>> In contrast, very small changes are
produced in both stroke volume and wall thickness in those
athletes that emphasize isometric and weight-bearing exercise.?®

In turn, physical exercise reduces resting heart rate, a
phenomenon directly related to the increase in stroke volume.
This reduction is also apparent during physical exercise in trained
individuals when training is done at submaximal intensities. One
of the main mechanisms of bradycardia is regulation of the
autonomic nervous system, via an increase in vagal tone, although
other mechanisms include a decrease in the intrinsic rate of the
heart itself, variations in baroreceptor sensitivity, an increase in
stroke volume, and, obviously, each individual’s genetic makeup.

Another typical and beneficial adaptation caused by exercise is
improved coronary circulation, which is partly due to the
phenomenon of capillarization. Capillarization consists of an
increase in capillary density (number of capillaries per myofibril)
and is proportional to the thickening of the myocardial wall, with a
consequent increase in coronary blood flow. Moreover, resistance
training also increases the diameter of the epicardial coronary
vessels?’® to maintain adequate perfusion to the increased
myocardial mass. Apart from these angiogenesis-related changes,
there are also functional adaptations, such as greater relaxation of
small coronary arteries and/or production of nitric oxide from
coronary endothelium.

The Athlete’s Heart

Regular training induces adaptive changes in the heart aimed at
improving the performance of the cardiovascular system during
exercise. This adaptation can increase cardiac mass by up to 20%.!”
However, upon clear identification of the possibility of exercise-
related heart disease, such as arrhythmias or cardiac arrest, 3 clear
research objectives have emerged: a) understanding how cardiac
adaptation to exercise can improve athletic ability; b) guiding
training to optimize cardiac adaptation, and c) differentiating
between normal and pathological cardiac adaptation.?* This latter
aspect has generated great interest inside and outside the field of
cardiology due to its important preventive and even legal
implications.

As discussed above, regular physical exercise causes morpho-
logical and electrical cardiac remodeling that induces physical
adaptation to the cardiac overload promoted by exercise. However,
as with many other biological variables, the relationship seems to
show a “J curve” distribution, because excessive remodeling,
particularly structural, is closely linked to the main serious cardiac
diseases related to sport.?” Thus, the major challenge for
professionals involved in observing athletes is to identify when
cardiac adaptation to exercise starts to pose a risk. However,
pathological cardiac adaptation to exercise only occurs in a small
percentage of athletes.>*?>?8 Accordingly, the challenge for sports
cardiologists is to identify previously healthy people that undergo
pathological cardiac adaptation during exercise and that have a
higher risk of serious cardiac complications.

Cardiac Rehabilitation

Cardiac rehabilitation encompasses a series of coordinated and
multidisciplinary interventions that aim to improve the functional
capacity, both physical and psychological, of patients with some
type of cardiac condition; moreover, it stabilizes and delays the
development of the underlying disease, improving its prognosis.?®
The main aims of cardiac rehabilitation are to prevent the
incapacity produced by cardiovascular diseases and new athero-
sclerotic complications. Patients also achieve higher rates of
smoking cessation and improve their dietary habits.>° Candidate
patients for starting cardiac rehabilitation programs are those that
have had a myocardial infarction or have angina or heart failure.'

The first cardiac rehabilitation units were founded at the end of
the 1960s, and these units have consistently shown effectiveness
in reducing mortality by around 25%.3°3?3% There have been
considerable advances in cardiac rehabilitation in recent years,
progressing from continuous work at programmed and controlled
low intensities to complex training programs that, in addition to
aerobic exercise, include interval training (combinations of high
and low intensity) and strength training.>>° This approach is used
not only because these types of exercises are useful in improving
cardiac function, but also because understanding of the physiology
of these patients is constantly improving, revealing that their
functional limitation is not only a cardiac problem, but is also
influenced by many peripheral factors.>” Moreover, work to
improve the functional capacity of a patient with heart disease
should be maintained, with these programs underpinning and
supporting the acquisition of the habit of regular physical exercise.

Effects Beyond the Cardiovascular System

Despite the physiological adaptations produced, it is of the
utmost importance to remember that the most important positive
effects of physical exercise are produced not only in the
cardiovascular system but also in psychological and sociological
aspects and in specific diseases. Consequently, physical activity
and exercise are of great importance for treating and preventing
cardiovascular risk factors, for almost the entire population.

One of the most direct effects of physical exercise is a reduction in
insulinresistance, since exercise increases the glucose uptake ability
of muscle tissue. Regular physical activity decreases the risk of type 2
diabetes mellitus.>® In patients with established type 2 diabetes
mellitus, physical exercise helps to control blood glucose levels and
can sometimes even reduce the need for antidiabetic drugs and/or
insulin.” Habitual physical exercise, even at moderate intensities,
decreases insulin resistance in peripheral tissues, improves glucose
uptake by skeletal muscle and glycogen metabolism, decreases
postprandial hyperglycemia, and helps to reduce body weight, all of
which have beneficial effects on glucose control and lower glycated
hemoglobin in the medium term. In the classic Diabetes Prevention
Program study, a lower incidence of diabetes mellitus during
follow-up was seen in patients included in the treatment branch,
which involved modification of the patients’ diet and lifestyle.*®
Interestingly, the main difference between patients in the treatment
and placebo or metformin branches was that the former performed
up to 4 times as many hours of physical exercise a week.

Exercise programs with a high dynamic component prevent
hypertension and decrease blood pressure, both in normotensive
adults and in those with hypertension. This effect is more
pronounced in hypertensive patients, with a mean reduction of
between 6 mmHg and 7 mmHg in systolic and diastolic pressures
vs 3 mmHg in normotensive patients.*® Regular training reduces
resting sympathetic activity, but also decreases the plasma
catecholamine concentration (at rest and during submaximal
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exercise) and modifies renal homeostasis (decrease in renal
vascular resistance), all of which help to lower blood pressure.

Physical training plays a fundamental role in preventing and
treating excess weight and obesity, particularly if combined with a
low-calorie diet. The continual practice of physical activity helps to
reduce body weight, mainly fat percentage, and modifies many of
the metabolic alterations underlying the development of cardio-
vascular risk factors. At the same time, a reduction has been shown
in inflammatory markers such as C-reactive protein in overweight
and obese people.*!

Another of the considerable benefits of regular physical exercise
is improved lipid profile, and exercise is one of the few effective
strategies for increasing the serum concentration of high-density
lipoprotein cholesterol.*’*> Therefore, physical exercise has
widespread beneficial effects on the body, cardiovascular system,
and risk factors.

Finally, physical exercise also has important effects on the
central nervous system. One interesting observation is that its
effects are produced in all stages of life, because exercise improves
the learning ability of adolescents and has beneficial effects for
adult diseases, such as depression, Parkinson disease, and
Alzheimer disease.'”

For all of these reasons, frequent and regular physical exercise
should be recommended to the entire population to guarantee an
improvement in the quality of life of individuals and also in their
physical, psychological, and social states. Equally, some type of
supervision of physical exercise is sometimes required, due to both
exercise intensity and each person’s individual characteristics.

SAFETY IN SPORT

Improved reporting and awareness of sports-related deaths and
cardiac arrests have generated a growing concern over safety
during physical activity. Sudden death is the most serious event
that can occur during physical activity and poses the greatest

preventive challenge for professionals who recommend physical
exercise and who supervise athletes. A suggested representative
diagram of the relationship between the amount of exercise and
the risk of cardiovascular disease or serious cardiovascular
complications is shown in Figure 2. Screening of athletes or
people about to begin regular physical exercise is fundamentally
aimed at identifying those persons that could have a higher risk of
exercise-associated complications. In those < 35 years, the main
source of risk is congenital heart disease with structural or
electrical alterations®*; however, there are many more possibilities
in persons older than this age, principally ischemic heart disease
and poor cardiac adaptation. Thus, screening before incorporation
into physical activity programs and monitoring of athletes with
high training loads can identify those individuals with a high risk of
complications, which can be prevented by individualized
approaches (Figure 2, dotted line).

Contemporary registries have revealed that exercise-related
cardiac arrest has an incidence of 0.3/100 000 person-years for
those < 35 years and of 3.0/100 000 person-years for those
> 35 years.* This incidence is 10 times lower than that of cardiac
arrests unrelated to sport. Strikingly, in this extensive Dutch
registry, survival after exercise-related cardiac arrest was much
higher (around triple) than after non-exercise-related cardiac
arrest. More than 50% of cases of sports-related cardiac arrest are
produced in sporting installations or public places adapted to the
practice of physical exercise and < 18% occur during official
competitions.*4*>

More than 2 million people participate every year in long-
distance races in the United States. An observational registry
evaluated the incidence of cardiac arrests related to participation
in marathons (42.18 km) or half marathons in the United States
during a 10-year period, including 10.9 million runners.*® The
incidence of cardiac arrest was 0.54/100 000 participants and most
arrests were caused by underlying cardiovascular disease, mainly
hypertrophic cardiomyopathy or undiagnosed coronary athero-
sclerosis. More cases were seen in marathons than in half

Diabetes Improved functional capacity LV dilation
Hypertension Parasympathetic tone RV dysfunction
Dyslipidemia Improved coronary perfusion Arrhythmias

Obesity Blood pressure control Prothrombosis

Sensitivity to insulin
Increased HDL-C

Risk of death

Sedentary

Regular physical exercise

Elite athlete

Amount of exercise

Figure 2. Association between the amount of exercise and risk of death. The main factors that determine how each level of exercise influences each risk are
summarized in the upper squares. The dotted lines show the possibility of reducing the risk of death or complications with screening programs and monitoring of
athletes with high training loads. HDL-C, high-density lipoprotein cholesterol; LV, left ventricle; RV, right ventricle.
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marathons (1.01/100 000 runners vs 0.27/100 000 runners), and
men were more commonly affected than women. Of these cardiac
arrests, 71% resulted in death (incidence, 0.39/100 000 runners).
The main predictors of survival after cardiac arrest were
resuscitation maneuvers by witnesses and diagnosis of a heart
disease other than hypertrophic cardiomyopathy. Thus, marathons
and half marathons have a low associated risk of cardiac arrest and
sudden death.

With regard to cardiac rehabilitation programs, a more
exhaustive evaluation of functional degree and cardiac condition
is recommended, as with patients with high clinical suspicion of
myocardial ischemia.*” In all of these cases, attention must be paid
to the onset of prodromal symptoms during physical exercise,
chiefly chest pain, disproportionate dyspnea or asthenia, gastroin-
testinal symptoms, dizziness, or headache. These programs are
very safe when performed under supervision, and the complica-
tions rate is very low (< 1/10 000 patients).2%-3048

The incidence of sudden death or serious complications during
physical exercise is so low that the risk-benefit ratio is clearly in
favor of the practice of exercise.

CONCLUSIONS

Sport has a wide variety of beneficial effects on health, many of
which are related to protection against cardiovascular diseases.

CONFLICTS OF INTERESTS

None declared.

REFERENCES

1. Victor S, Nayak VM. Evolutionary anticipation of the human heart. Ann R Coll
Surg Engl. 2000;82:297-302.

2. Braunwald E. Shattuck lecture—cardiovascular medicine at the turn of the
millennium: triumphs, concerns, and opportunities. N Engl ] Med. 1997;337:
1360-9.

3. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, et al. Heart
disease and stroke statistics—2013 update: a report from the American Heart
Association. Circulation. 2013;127:e6-245.

4, Cordero A, Rodriguez-Manero M, Alegria E, Brugada P. Are some of the last
advances in cardiovascular therapeutics fighting against the historic evolution
of the heart and the cardiovascular system? Int ] Cardiol. 2013;168:4276-7.

5. Ryden L, Grant PJ, Anker SD, Berne C, Cosentino F, Danchin N, et al. ESC
Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed
in collaboration with the EASD: the Task Force on diabetes, pre-diabetes, and
cardiovascular diseases of the European Society of Cardiology (ESC) and devel-
oped in collaboration with the European Association for the Study of Diabetes
(EASD). Eur Heart J. 2013;34:3035-87.

6. Mancia G, Fagard R, Narkiewicz K, Redon ], Zanchetti A, Bohm M, et al. ESH/ESC
guidelines for the management of arterial hypertension: the Task Force for the
Management of Arterial Hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC). Eur Heart J. 2013;34:
2159-219.

7. Reiner Z, Catapano AL, De Backer G, Graham I, Taskinen MR, Wiklund O, et al.
ESC/EAS Guidelines for the management of dyslipidaemias: the Task Force for
the management of dyslipidaemias of the European Society of Cardiology (ESC)
and the European Atherosclerosis Society (EAS). Eur Heart J. 2011;32:
1769-818.

8. Gonzalez-Juanatey JR, Alegria-Ezquerra E, Aznar-Costa ], Bertomeu-Martinez V,
Franch-Nadal ], Palma-Gamiz JL. Conocimiento y aplicacion de las guias de
practica clinica sobre riesgo cardiovascular en las consultas generales y espe-
cializadas. Rev Esp Cardiol. 2006;59:801-6.

9. Varela-Moreiras G, Alguacil Merino LF, Alonso Aperte E, Aranceta Bartrina J,
Avila Torres JM, Aznar Lain S, et al. Documento de consenso y conclusiones.
Obesidad y sedentarismo en el siglo xxi: ¢qué se puede y se debe hacer? Nutr
Hosp. 2013;28 Supl 5:1-12.

10. Stamatakis E, Ekelund U, Wareham NJ. Temporal trends in physical activity in
England: the Health Survey for England 1991 to 2004. Prev Med. 2007;45:
416-23.

11. Meseguer CM, Galan I, Herruzo R, Rodriguez-Artalejo F. Tendencias de actividad
fisica en tiempo libre y en el trabajo en la Comunidad de Madrid, 1995-2008.
Rev Esp Cardiol. 2011;64:21-7.

12. Redondo A, Subirana I, Ramos R, Solanas P, Sala ], Masia R, et al. Tendencias en la
practica de actividad fisica en el tiempo libre en el periodo 1995-2005 en
Girona. Rev Esp Cardiol. 2011;64:997-1004.

13. Mejia-Lancheros C, Estruch R, Martinez-Gonzalez MA, Salas-Salvadé ], Corella
D, Gomez-Gracia E, et al. Nivel socioeconémico y desigualdades de salud en la
prevencion cardiovascular de la poblacion espafiola de edad avanzada. Rev Esp
Cardiol. 2013;66:803-11.

14. Heady JA, Morris JN, Kagan A, Raffle PA. Coronary heart disease in London
busmen. A progress report with particular reference to physique. Br ] Prev Soc
Med. 1961;15:143-53.

15. Morris JN, Heady JA, Raffle PA, Roberts CG, Parks JW. Coronary heart-disease
and physical activity of work. Lancet. 1953;265:1053-7.

16. Alegria E, Cordero A, Laclaustra M, Grima A, Le6n M, Casasnovas JA, et al.
Prevalencia del sindrome metabdlico en poblacién laboral espafiola: registro
MESYAS. Rev Esp Cardiol. 2005;58:797-806.

17. Rowe GC, Safdar A, Arany Z. Running forward: new frontiers in endurance
exercise biology. Circulation. 2014;129:798-810.

18. Cawthon RM, Smith KR, O'Brien E, Sivatchenko A, Kerber RA. Association
between telomere length in blood and mortality in people aged 60 years or
older. Lancet. 2003;361:393-5.

19. Carnethon MR, Gidding SS, Nehgme R, Sidney S, Jacobs DR, Liu K. Cardiorespi-
ratory fitness in young adulthood and the development of cardiovascular
disease risk factors. JAMA. 2003;290:3092-100.

20. Wen CP, Wai JP, Tsai MK, Yang YC, Cheng TY, Lee MC, et al. Minimum amount of
physical activity for reduced mortality and extended life expectancy: a pro-
spective cohort study. Lancet. 2011;378:1244-53.

21. MarijonE, Tafflet M, Antero-Jacquemin J, El Helou N, Berthelot G, Celermajer DS,
et al. Mortality of French participants in the Tour de France (1947-2012). Eur
Heart J. 2013;34:3145-50.

22. Boraita Pérez A. Ejercicio, piedra angular de la prevencion cardiovascular. Rev
Esp Cardiol. 2008;61:514-28.

23. Lopez Chicarro ], Lopez Mojares LM. Fisiologia clinica del ejercicio. In: McArdle
WD, Katch FI, Katch VL, editors. Fundamentos de fisiologia del ejercicio.
Aravaca: McGraw-Hill/Interamericana de Espafia; 2004. p. 16-23.

24. Prior DL, La Gerche A. The athlete’s heart. Heart. 2012;98:947-55.

25. Pluim BM, Zwinderman AH, Van Der Laarse A, Van Der Wall EE. The athlete’s
heart. A meta-analysis of cardiac structure and function. Circulation. 2000;101:
336-44.

26. Haskell WL, Sims C,Myll], Bortz WM, St Goar FG, Alderman EL. Coronary artery size
and dilating capacity in ultradistance runners. Circulation. 1993;87:1076-82.

27. La Gerche A, Schmied CM. Atrial fibrillation in athletes and the interplay
between exercise and health. Eur Heart J. 2013;34:3599-602.

28. Andersen K, Farahmand B, Ahlbom A, Held C, Ljunghall S, Michaelsson K, et al.
Risk of arrhythmias in 52 755 long-distance cross-country skiers: a cohort
study. Eur Heart J. 2013;34:3624-31.

29. Ades PA. Cardiac rehabilitation and secondary prevention of coronary heart
disease. N Engl ] Med. 2001;345:892-902.

30. Maroto JM, Artigao R, Morales MD, De Pablo C, Abraira V. Rehabilitacion
cardiaca en pacientes con infarto de miocardio. Resultados tras 10 afios de
seguimiento. Rev Esp Cardiol. 2005;58:1181-7.

31. Giannuzzi P, Saner H, Bjornstad H, Fioretti P, Mendes M, Cohen-Solal A, et al.
Secondary prevention through cardiac rehabilitation: position paper of the
Working Group on Cardiac Rehabilitation and Exercise Physiology of the
European Society of Cardiology. Eur Heart J. 2003;24:1273-8.

32. Oldridge NB, Guyatt GH, Fischer ME, Rimm AA. Cardiac rehabilitation after
myocardial infarction. Combined experience of randomized clinical trials.
JAMA. 1988;260:945-50.

33. O’Connor GT, Buring JE, Yusuf S, Goldhaber SZ, Olmstead EM, Paffenbarger Jr RS,
et al. An overview of randomized trials of rehabilitation with exercise after
myocardial infarction. Circulation. 1989;80:234-44.

34. De Velasco JA, Cosin ], Lopez-Send6n JL, De Teresa E, De Oya M, Sellers G. Nuevos
datos sobre la prevencion secundaria del infarto de miocardio en Espafia.
Resultados del estudio PREVESE II. Rev Esp Cardiol. 2002;55:801-9.

35. Adams K], Barnard KL, Swank AM, Mann E, Kushnick MR, Denny DM. Combined
high-intensity strength and aerobic training in diverse phase II cardiac reha-
bilitation patients. ] Cardiopulm Rehabil. 1999;19:209-15.

36. Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner V, Franklin BA, et al.
Resistance exercise in individuals with and without cardiovascular disease:
2007 update: a scientific statement from the American Heart Association
Council on Clinical Cardiology and Council on Nutrition, Physical Activity,
and Metabolism. Circulation. 2007;116:572-84.

37. Lunde PK, Sjaastad I, Schiotz Thorud HM, Sejersted OM. Skeletal muscle dis-
orders in heart failure. Acta Physiol Scand. 2001;171:277-94.

38. Weinstein AR, Sesso HD, Lee IM, Cook NR, Manson JE, Buring JE, et al. Relation-
ship of physical activity vs body mass index with type 2 diabetes in women.
JAMA. 2004;292:1188-94.

39. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA,
et al. Reduction in the incidence of type 2 diabetes with lifestyle intervention or
metformin. N Engl ] Med. 2002;346:393-403.

40. Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray CA, et al.
American College of Sports Medicine position stand. Exercise and hypertension.
Med Sci Sports Exerc. 2004;36:533-53.

41. Shai I, Schwarzfuchs D, Henkin Y, Shahar DR, Witkow S, Greenberg I, et al.;
Dietary Intervention Randomized Controlled Trial (DIRECT) Group. Weight loss
with a low-carbohydrate, Mediterranean, or low-fat diet. N Engl ] Med.
2008;359:229-41.


http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0005
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0005
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0010
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0010
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0010
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0015
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0015
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0015
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0020
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0020
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0020
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0030
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0030
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0030
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0030
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0030
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0035
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0035
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0035
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0035
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0035
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0040
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0040
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0040
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0040
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0045
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0045
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0045
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0045
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0050
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0050
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0050
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0055
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0055
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0055
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0060
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0060
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0060
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0065
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0065
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0065
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0065
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0070
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0070
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0070
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0075
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0075
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0080
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0080
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0080
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0085
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0085
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0090
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0090
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0090
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0095
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0095
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0095
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0100
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0100
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0100
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0105
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0105
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0105
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0110
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0110
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0115
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0115
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0115
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0120
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0125
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0125
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0125
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0130
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0130
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0135
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0135
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0140
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0140
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0140
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0140
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0145
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0145
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0150
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0150
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0150
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0160
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0160
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0160
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0185
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0185
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0190
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0190
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0190
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0195
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0195
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0195
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0200
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0200
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0200
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0205
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0205
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0205
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0205

42.

43,

44.

45.

A. Cordero et al./Rev Esp Cardiol. 2014;67(9):748-753

Kelley GA, Kelley KS. Aerobic exercise and HDL2-C: a meta-analysis of ran-
domized controlled trials. Atherosclerosis. 2006;184:207-15.

Meyer L, Stubbs B, Fahrenbruch C, Maeda C, Harmon K, Eisenberg M, et al.
Incidence, causes, and survival trends from cardiovascular-related sudden
cardiac arrest in children and young adults 0 to 35 years of age: a 30-year
review. Circulation. 2012;126:1363-72.

Berdowski J, De Beus MF, Blom M, Bardai A, Bots ML, Doevendans PA, et al.
Exercise-related out-of-hospital cardiac arrest in the general population: inci-
dence and prognosis. Eur Heart J. 2013;34:3616-23.

Marijon E, Bougouin W, Celermajer DS, Perier MC, Benameur N, Lamhaut L, et al.
Major regional disparities in outcomes after sudden cardiac arrest during
sports. Eur Heart J. 2013;34:3632-40.

46.

47.

48.

753

Kim JH, Malhotra R, Chiampas G, D’Hemecourt P, Troyanos C, Cianca J, et al.;
Race Associated Cardiac Arrest Event Registry Study Group. Cardiac arrest
during long-distance running races. N Engl ] Med. 2012;366:130-40.
Thompson PD, Franklin BA, Balady GJ, Blair SN, Corrado D, Estes N, et al. Exercise
and acute cardiovascular events placing the risks into perspective: a scientific
statement from the American Heart Association Council on Nutrition, Physical
Activity, and Metabolism and the Council on Clinical Cardiology. Circulation.
2007;115:2358-68.

De Velasco JA, Cosin ], De Oya M, De Teresa E. Programa de intervencion para
mejorar la prevencion secundaria del infarto de miocardio. Resultados del
estudio PRESENTE (PREvencion SEcuNdaria TEmprana). Rev Esp Cardiol.
2004;57:146-54.


http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0210
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0210
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0215
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0215
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0215
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0215
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0220
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0220
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0220
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0225
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0225
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0225
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0230
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0230
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0230
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0235
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0235
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0235
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0235
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0235
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0240
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0240
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0240
http://refhub.elsevier.com/S1885-5857(14)00209-6/sbref0240

	Physical Exercise and Health
	INTRODUCTION
	EPIDEMIOLOGY
	PROTECTIVE MECHANISMS OF SPORT
	Effects on the Cardiovascular System
	The Athlete&apos;s Heart
	Cardiac Rehabilitation
	Effects Beyond the Cardiovascular System

	SAFETY IN SPORT
	CONCLUSIONS
	CONFLICTS OF INTERESTS
	References


