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Resumo 

Os efeitos benéficos da atividade física na saúde são inequivocamente 

admitidos. É amplamente reconhecido que, de forma geral, um estilo de vida 

ativo melhora a aptidão física e, consequentemente, previne diversas 

patologias. Tais efeitos aparecem num limiar de intensidade e duração, capaz 

de gerar benefícios para a saúde, variando com os indivíduos. 

Ex-atletas representam um grupo especial de pessoas que exerceram 

atividade física regular, devendo ser entendidos, portanto, como 

particularmente adequados para a análise dos efeitos da atividade física na 

saúde. No entanto, é também sabido que o alto rendimento exige do atleta a 

obtenção dos melhores níveis de desempenho, muitas vezes não respeitando 

os limites do corpo, o que, segundo diversos autores, poderá significar um nível 

de intensidade, duração ou métodos de prática, para além dos quais os 

aparentes ganhos podem, na verdade, traduzir-se em prejuízo para a saúde. 

Para além disso, face à escassez de estudos neste domínio, torna-se 

necessário perceber, até que ponto o estado de saúde de ex-atletas é 

dependente da continuidade de um estilo de vida adequado, nomeadamente no 

que concerne à atividade física. 

O intuito da presente tese será o de caracterizar, do ponto de vista 

epidemiológico, o atual estado de saúde de ex-atletas de níveis distintos, 

comparando-os com quem nunca foi atleta (grupo de controlo). 

Na presente tese são apresentados cinco dos diversos estudos projetados, 

nomeadamente referentes à análise do estilo de vida e fatores de risco para as 

doenças crónicas mais sonantes, bem como a análise de casos prevalentes de 

doenças crónicas em geral, e síndrome metabólica, asma e cancro em 

particular.  

As principais conclusões da nossa investigação sugerem uma 

associação positiva entre os ex-atletas (de ambos os sexos) e a adoção de um 

estilo de vida mais saudável, traduzindo-se, de forma geral, num melhor estado 

de saúde. A maioria dos resultados são mais convictamente expressos entre os 

ex-atletas de elite. 
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Abstract 

The beneficial effects of regular physical activity on health are 

unequivocally admitted. It is well accepted that regular physical activity 

engagement improves overall health and fitness and prevents many adverse 

outcomes.  

These effects appear on a threshold of intensity and duration of physical 

activity, able to generate health benefits, and that varies depending on the 

individuals. 

Former athletes represent a special group of people who, for years, 

engaged in regular physical activity, and therefore should be well suitable for 

the analysis of the relationship between physical activity and health. Yet, it’s 

also known that high performance requires the athlete to achieve the best 

performance, often not respecting the limits of the body, which, according to 

several authors, may reach a threshold of intensity, duration or methods beyond 

which the apparent benefit may actually become detrimental to health. 

Moreover, given the paucity of studies in this field, it is necessary to 

understand to what extent the health status of former athletes, is or is not 

dependent on the continuity of a healthy lifestyle, particularly regarding physical 

activity. 

The purpose of this research is, from an epidemiological point of view, to 

characterize the current health status of former athletes from different levels 

and compare them with the general population (control group). 

In this thesis we present five of the many studies projected, particularly 

the ones analyzing lifestyle and risk factors for the most sounding chronic 

diseases, as well as analysis of prevalent cases of chronic diseases in general, 

and metabolic syndrome, asthma and cancer in particular. 

The major findings of our cross-sectional investigation suggested a 

positive association between being a former athlete, the adoption of a healthy 

lifestyle and a generally better health status. The majority of these conclusions 

are extended to both men and women and although former non-elite athletes 

also seem to carry a more healthy status than non-athletes, most of the results 

are highly expressed among former elite athletes. 
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1. General Introduction  

 

Physical inactivity levels are rising in many countries with major 

implications for the prevalence of noncommunicable diseases and the general 

health of the population worldwide (World Health Organization, 2010). 

It is well accepted that regular physical activity improves overall health 

and fitness and prevents many adverse health outcomes; with its benefits 

occurring in generally healthy people, in people at risk of developing chronic 

diseases, and in people with current chronic conditions or disabilities (U.S. 

Department of Health and Human Services, 2008). 

Although individual differences in the response to regular exercise are 

evidenced (Bouchard, 1995), the magnitude of the changes and prevention 

derived from physical activity depends largely on the intensity and duration of 

the training sessions, the force or load used in training, and the body’s initial 

level of fitness (Kesaniemi et al., 2001; Lee & Skerrett, 2001).  

Moreover, the dose-response relationship of physical activity to health 

outcomes is not as linear, being necessary to consider not only the dose that 

induces the greatest health benefit but also the potential risk as the volume and 

intensity of exercise are increased (Haskell et al., 2007; Kesaniemi et al., 2001).  

If any person is likely to exceed this second threshold, elite athletes are 

especially concerned (Laure & Binsinger, 2009). 

Studies on career development and transitions of athletes started 

appearing in the sixties and have shown a substantial increase both in their 

quantity and quality since the end of the eighties. Early studies were based on 

the difficulties and adjustments resulting from the end of the career (Werthner & 

Orlick, 1986). In the past decade, some epidemiological studies have been 

conducted among former elite athletes (Backmand et al., 2003; Hagmar et al., 

2006; Hagmar et al., 2005; Kujala et al., 2003a; Pukkala et al., 2000; Robsahm 

et al., 2010; Sundgot-Borgen et al., 2012; Unt et al., 2008; Wyshak & Frisch, 

2000), and former non-elite athletes (Brooks et al., 2010; Luethi et al., 2005; 

Passos et al., 2008; Pihl & Jurimae, 2001; Pihl et al., 2006; Pihl et al., 2003; 

Woitas-Slubowska, 2008, 2009). 
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However, the majority of these studies were based on the assumption 

that the former athlete’s population often keeps an active post career lifestyle. 

Yet, it is also accepted that stopping the physical activity engagement should 

result in the remission of the previous adaptations (Maeda et al., 2001; U.S. 

Department of Health and Human Services, 1996).  

In this context, there is a need to understand, know, and compare the 

prevalence of several health issues among individuals who have been exposed 

to different levels of physical activity in the past, and analyze to what point they 

are dependent of the post career lifestyle. Furthermore, to our knowledge, none 

of the published studies compared the obtained epidemiological results 

between former athletes from different levels (i.e., former elite and non-elite 

athletes).  

Therefore, this thesis was set out to investigate the health status of 

former athletes from distinct levels, comparing them to subjects who were never 

athletes in the past and considering their post-career lifestyle. Thus, we have 

chosen a population of former elite, non-elite and never-athletes (non-athletes).  

 

The aims of this thesis and the original articles on which it is based, are 

the following: 

 

1) to examine whether the prevalence of chronic diseases risk factors 

differed from former elite, non-elite, and non-athletes:  

 

(I) Batista CHX, Soares JMC. Risk factors for major chronic diseases 

among former athletes of different levels. (resubmitted to the Journal of 

Aging and Physical Activity after reviewers comments - under review) 

 

2) to investigate the association between former athletes (elite and non-

elite) prevalent cases of chronic diseases (cardiovascular, cancer, 

diabetes and respiratory), and their post-career physical activity 

engagement: 

 



 

5 
 

(II) Batista CHX, Soares JMC. Post-career physical activity association 

with the prevalence of selected chronic diseases among former athletes. 

(submitted to the Journal of Sports Medicine and Physical Fitness - under 

review) 

 

3) to investigate whether former athletes are better protected against the 

metabolic syndrome and if this hypothetical protection is dependent of 

sex, career or later lifestyle: 

 

 (III) Batista CHX, Soares JMC. Are former elite athletes more protected 

against metabolic syndrome? [Journal of Cardiology (Accepted for 

publication)] 

 

4) to analyze and compare the former elite athletes and controls prevalent 

cases of the cancer types which have been associated with benefit and 

detriment of physical activity: 

 

 (IV) Batista CHX, Soares JMC. Prevalence of specific cancers among 

former elite athletes. (submitted to the Journal of Physical Activity and 

Health - under review) 

 

5) to compare prevalent lifetime cases of diagnosed asthma or exercise 

induced asthma, as well as current related respiratory symptoms, across 

two different levels of former athletes and non-athletes: 

 

 (V) Batista CHX, Soares JMC. Are former athletes more prone to 

asthma? [Journal of Asthma (Accepted for publication)]
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2. Theoretical Background 

2.1. Major definitions 

Two terms are widely used to describe human movement: physical 

activity and exercise. Although they have been generally accepted in the 

scientific literature and in major reports/recommendations for physical activity 

and public health, their definitions differ (Physical Activity Guidelines Advisory 

Committee, 2008).   

Physical activity is any bodily movement produced by the contraction of 

skeletal muscle that increases energy expenditure above a basal level 

(Bouchard & Shephard, 1994).  

Exercise is a subcategory of physical activity that is “planned, structured, 

repetitive and purposive in the sense that the improvement or maintenance of 

one or more components of physical fitness is the objective” (Caspersen et al., 

1985).  

According to the majority of current literature, we chose not to distinguish 

the two concepts, using them as one. 

Within these two concepts, several other characteristics arise. One of the 

most common is physical fitness, which is defined as a set of attributes that 

people have or achieve on their ability to perform physical activity (Bouchard & 

Shephard, 1994). Others, such as cardiorespiratory fitness, cardiovascular 

fitness, aerobic fitness, aerobic capacity, aerobic power, maximal oxygen 

consumption (VO² max) and fitness, all refer to the same concept. All these 

terms are related to the ability of the respiratory and circulatory systems to 

provide the muscles with oxygen during physical activity (Branca et al., 2007). 

Another major term used in this thesis is health. Although several 

definitions exist, we adopted that which defines health as a human condition 

with physical, social and psychological dimensions (Bouchard et al., 1990). 
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2.2. Former athletes – an overview 

The interest in the physical activity’s effects on health started many years 

ago. Two of the most prominent physicians of the ancient world, Hippocrates 

(460-370 B.C.) and Galen (129-210 A.D.), observed that a lack of physical 

exercise was detrimental to health, and that overexertion was also unwise 

(Paffenbarger & Lee, 1998). While considering the benefic effects of physical 

activity on health, Galen had a particular opinion regarding active and former 

athletes, and stated that “while athletes are exercising their profession their 

body remains in a dangerous condition, but when they give up their profession 

they fall into a condition more powerless still; as a fact, some die shortly 

afterward; others live for little time, but do not arrive at old age . . . Athletes live 

a life quite contrary to the precepts of hygiene, and I regard their mode of living 

as a regime far more favorable to illness than to health” (MacAuley, 1994). 

An increased interest in the health effects of the athlete’s prolonged 

physical activity engagement may have been born in the mid-1800s with the 

suggestion of a poorer health status and a lower longevity within rugby players 

and oarsmen (Park, 1997).  

Later on, however, these findings were not confirmed. Instead, studies 

from the early nineties confirmed the opposite; i.e., these (Hartley & Llewellyn, 

1939) as well as other sportsmen tended to have a prolonged longevity (Dublin, 

1928; Pomeroy & White, 1958). The epidemiology and longevity of those who 

had been athletes in their youth began to be more thoroughly studied over the 

decades, however, without clear conclusions (Paffenbarger et al., 1966; 

Paffenbarger & Lee, 1998).  

In the late nineties, other studies were performed among former athletes, 

with special emphasis to the ones regarding the life span of New Zealand  

rugby players (Beaglehole & Stewart, 1983), United States baseball players 

(Waterbor et al., 1988), and Finnish male world-class athletes (Sarna et al., 

1993). 

Several of the most prominent studies within former athletes derived from 

the cohort study of the Finnish former elite athletes, which has documented 

lower lifetime risks for many diseases but also significant health hazards (Kujala 
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et al., 2003a). This cohort study, based on male athletes who had represented 

Finland at least once at the Olympic Games, world or European championships, 

or other international competitions between the years 1920 and 1965, still 

currently yield some publications. However, considering the modifications of 

practice observed recently - such as professionalism, training techniques, or 

doping behaviors - may be that they have had an impact on the morbidity of 

these athletes, making a more contemporary analysis necessary. 

Moreover, most of the former athletes’ existent literature is based on the 

previous exercise engagement.  

It is a fact that affective responses have an impact upon motivation and 

behavior, as the amount of time individuals choose to spend in a specific 

situation is predicted by the affect experienced in that situation (Emmons & 

Diener, 1986). It is also suggested that the intensity of an exercise session is 

another variable influencing affective responses. An inverted U-type relationship 

between intensity and affect (with low-intensity exercise insufficient to lead to 

positive changes in affect, and high intensity exercise causing detrimental 

effects) was previously proposed (Kirkcaldy & Shephard, 1990). 

Thus, it could be speculated that the affective response generated by the 

previous exercise engagement of former athletes will probably influence 

whether they decide to maintain an active way of living (Parfitt et al., 2006). 

Nevertheless, to our knowledge, the majority of the existent studies among 

former athletes do not consider the possibility of such engagement does not 

remain after the end of career, which may result in limited conclusions. 

Additionally, apart from traumatological considerations, scientific 

literature offers few epidemiological data on health of former top-level or other 

athletes; making it necessary to better describe it (prevalence, risk and 

protective factors, comparison with non-elite athletes and with general public) 

(Laure & Binsinger, 2009).  

Furthermore, despite the physical activities’ positive effects on health are 

well documented (World Health Organization, 2010), it is also suggested that 

these effects appear at a threshold of intensity and duration, which vary with the 

individuals (Bouchard, 1995). This means that, for a given person, a physical 
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activity will have to reach determined intensity and duration in order to generate 

benefits on health (Laure & Binsinger, 2009).  

Elite athletes are a group that in a structured way have acutely performed 

exercise during adolescence and adulthood to achieve the high performance 

level required within elite sports; additionally, former non-elite athletes should 

adequately represent a group of people who, although have not reached an 

elite level, engaged in physical activities for longer periods. Hence, both should 

be well suited for investigations on the relationship between physical activity 

(especially with distinct characteristics) and health (Robsahm et al., 2010). 

2.3. Physical activity and health 

Physical inactivity has been identified as the fourth leading risk factor for 

global mortality (6% of deaths globally). This follows high blood pressure (13%), 

tobacco use (9%) and high blood glucose (6%). Overweight and obesity are 

responsible for 5% of global mortality (World Health Organization, 2009b).  

Among other benefits, routine physical activity engagement has been 

shown to improve body composition [e.g., through reduced abdominal adiposity 

and improved weight control (Andreasen et al., 2008; Kay & Fiatarone Singh, 

2006; Maiorana et al., 2003; Ruiz et al., 2010; Seidell et al., 1991; Slattery et al., 

1992; Tremblay et al., 1990; Warburton et al., 2001a, 2001b)], enhance lipid 

profiles [e.g., through reduced triglyceride levels, increased high-density 

lipoprotein (HDL) and decreased low-density lipoprotein cholesterol levels (LDL) 

(Berg et al., 1997; Bouillon et al., 2011; Park et al., 2011; Warburton et al., 

2001a, 2001b; Zderic & Hamilton, 2006)], improve glucose homeostasis and 

insulin sensitivity (Helmrich et al., 1991; Toledo et al., 2007; Warburton et al., 

2001a, 2001b; Yates et al., 2007), and reduce blood pressure (Church et al., 

2007; Nelson et al., 1986; Paffenbarger et al., 1983; Steinberger et al., 2009). 

This cluster of benefits, thereby, is reflected in preventing several 

conditions, such as cardiovascular diseases (CVD) (Poirier et al., 2006; 

Thompson et al., 2003),  hypertension (Hu et al., 2004; Poirier et al., 2006; 

Steinberger & Daniels, 2003), type 2 diabetes mellitus (Helmrich et al., 1991; 

Sigal et al., 2006; Steinberger & Daniels, 2003), obesity (Frank et al., 2004; 
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Poirier et al., 2006; Steinberger & Daniels, 2003), colon cancer (Friedenreich et 

al., 2006; Giovannucci et al., 1995; Wolin et al., 2009), or breast cancer (Kushi 

et al., 2012; Monninkhof et al., 2007; Thune et al., 1997). 

Particularly regarding adults and older adults, strong evidence 

demonstrates that, compared to less active persons, the more active have lower 

rates of all-cause mortality, coronary artery disease (CHD), high blood pressure, 

stroke, type 2 diabetes, metabolic syndrome (MetSyd), colon cancer, breast 

cancer, and depression (U.S. Department of Health and Human Services, 

2008). 

This means that a graded linear relation between the volume (frequency, 

duration and intensity of exercise) of physical activity and health status is 

suggested, indicating the most physically active people at the lowest risk 

(Warburton et al., 2006). 

In this respect, physical activity’s intensity is usually expressed in the 

ratio of the work metabolic rate to the resting metabolic rate (MET). One MET is 

defined as 1 kcal/kg/hour and is roughly equivalent to the energy cost of sitting 

quietly (Ainsworth et al., 1993). Moderate-intensity is typically characterized as 

3–6 METs and vigorous-intensity is typically characterized as >6 METs (Pate et 

al., 1995).  

During the nineties, several reports from American institutions (Fletcher 

et al., 1996; NIH, 1996; Pate et al., 1995; U.S. Department of Health and 

Human Services, 1996) recommended that adults should accumulate 30 

minutes or more of moderate-intensity physical activity on most, preferably all, 

days of the week. In contrast, the 2002 report from the Institute of Medicine 

(Trumbo et al., 2002) stated that 30 minutes per day of regular activity was 

insufficient to maintain body weight in adults in the recommended body mass 

index (BMI) range and to achieve all the identified health benefits fully; instead, 

to prevent weight gain as well as to accrue additional weight-independent health 

benefits of physical activity, the report recommended 60 minutes of daily 

moderate-intensity physical activity.  

The more recent recommendations of the American Heart Association 

and the American College of Sports Medicine (Haskell et al., 2007; Nelson et 
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al., 2007) suggests that to promote and maintain health, all healthy adults need 

to engage in moderate-intensity aerobic physical activity for a minimum of 30 

minutes per day on at least 5 days of the week (min·dˉ¹ on 5 d·wkˉ¹) or 

vigorous-intensity aerobic activity for a minimum of 20 min·dˉ¹ on 3 d·wkˉ¹. In 

2008, the Physical Activity Guidelines for Americans (U.S. Department of Health 

and Human Services, 2008), increased the recommendation related to 

vigorous-intensity physical activity for 75 min·wkˉ¹; which also has been 

adopted by other organisms (O'Donovan et al., 2010).  

However, a recent prospective cohort study, involving 416175 individuals 

(199265 men and 216910 women) concluded that even 15 min a day or 90 min 

a week of moderate-intensity exercise might be of benefit (Wen et al., 2011). 

Another recent large pooled study comprising 654827 individuals, also 

concluded that adding even lower amounts of leisure time physical activity to 

one’s daily routine - such as 75 minutes of walking per week - was associated 

with a gain of 1.8 years in life expectancy relative to no leisure time activity 

(Moore et al., 2012). However, this same study also concluded that higher 

levels of physical activity were associated with greater gains in life expectancy, 

with a gain of 4.5 years at the highest level (equivalent to brisk walking for 450 

minutes per week) (Moore et al., 2012).  

Indeed, it seems that the expected benefit of different amounts of 

physical activity on all-cause morbidity/mortality remains unclear.  

Former athletes are known to have engaged in higher exercise volumes 

than the general population (Hernelahti et al., 2002) and, in their post-career 

period, are also expected to maintain a higher exercise engagement than the 

general population (Laure & Binsinger, 2009; Paffenbarger & Lee, 1998). 

However, while some studies suggest additional benefits of a long-term 

and particularly vigorous involvement (Lee & Paffenbarger, 2000; Rennie et al., 

2003), others suggest no additional benefit (Hayasaka et al., 2009; Trolle-

Lagerros et al., 2005). In fact, Khan (2009) claims that a decade of physical 

activity from 50 years on means that the person’s risk of death is no higher than 

that of a long-term exerciser, making any conclusion even more unclear. 
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2.3.1. Responses and adaptations to exercise. 

When challenged with any physical task, the human body responds 

through a series of integrated changes in function that involve most, if not all, of 

its physiologic systems. When the body engages in exercise training several 

times a week or more frequently, each of these physiologic systems undergoes 

specific adaptations that increase its efficiency and capacity. Nevertheless, it is 

accepted that the magnitude of these changes depends largely on the intensity 

and duration of the training sessions, the force or load used in training, and the 

body’s initial level of fitness (U.S. Department of Health and Human Services, 

1996). 

The body’s physiologic responses to episodes of aerobic and resistance 

exercise particularly occur in the musculoskeletal, cardiovascular, respiratory, 

endocrine, and immune systems (U.S. Department of Health and Human 

Services, 1996), contributing to reduce those that are known as risk factors 

associated with many diseases. 

Haskell (1994) has proposed four patterns for an acute exercise effect on 

risk factors (Fig. 1):  

 

a) Exercise may acutely reduce a risk factor; the effect dissipates rapidly 

and has no influence on the response to subsequent exertion; 

b) The acute exercise effect may accrue in a cumulative yet diminishing 

manner so that subsequent sessions result in asymptotically smaller 

benefit; 

c) Exercise training increases exercise capacity, which permits larger 

individual exercise sessions and a greater acute effect; 

d) Low-level exercise may produce small reductions in risk that are not 

readily detectable in clinical studies, but which have a detected benefits 

when applied to a large enough population. 

 

Depending on the subject and the risk factor, each of these patterns may 

contribute to the occurrence of biological changes and clinical outcomes. Yet, 

as mentioned, the majority of risk factor’s changes have been reported after 
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higher amounts of exercise. Additionally, it is suggested that untrained 

individuals may be unable to reach the necessary effort to affect a risk factor. 

Naturally, this highlights the association between fitness and exercise training 

(Thompson et al., 2001) 

 

 

 

Figure 1: Potential patterns for the acute effect of exercise on cardiovascular 

risk factors. (Thompson et al., 2001 - used with permission) 

 

It is well accepted that long-term exercise specifically produces 

adaptations on the skeletal muscle [e.g., a slower utilization of muscle glycogen 

and blood glucose, a greater reliance on fat oxidation, and less lactate 

production during exercise of a given intensity (Holloszy & Coyle, 1984)] and 

bone [e.g., maintaining bone mass and countering osteoporosis (Wohl et al., 

2000)], in the metabolism [e.g., both the size and number of mitochondria 

increase substantially, as does the activity of oxidative enzymes and myoglobin 
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content,  increasing the amount of oxygen stored in individual muscle fibers 

(Hickson, 1981); the ability of trained muscles to store glycogen as well as to 

use fat as an energy source (Kiens et al., 1993)], on the cardiovascular system 

[e.g. increasing the left ventricular end-diastolic dimension and wall thickness 

(Ehsani, 1987; Longhurst et al., 1981); improving hemoglobin concentrations as 

well as capillarization and oxygen diffusion to cells efficiency (Evans, 1985)], in 

the respiratory system [e.g., increasing the maximal rate of pulmonary 

ventilation and pulmonary diffusion (U.S. Department of Health and Human 

Services, 1996)], as well as hormonal adaptations [e.g., decreasing plasma 

insulin concentrations (Sutton et al., 1969) and increasing testosterone, growth 

hormone, cortisol or catecholamines (Kraemer & Ratamess, 2005)]. 

Removal of the training stimulus, however, will result in loss of the 

efficiency and capacity that was gained through these training-induced 

adaptations; this loss is called detraining (U.S. Department of Health and 

Human Services, 1996). This process had already been documented by 

Paffenbarger & Lee (1998), where the protective effect of early athleticism 

waned unless a physically active way of life was maintained. Furthermore, they 

also observed that sedentary subjects who, at some point, took up an active life 

were at a lower risk of CVD and death than former athletes who gave up or 

reduced their physical activities in middle age. 

It is also suggested that many of these beneficial effects of exercise 

training - from both endurance and resistance activities - diminish within 2 

weeks if physical activity is substantially reduced, and disappear within 2 to 8 

months if physical activity is not resumed (Shephard, 1994); making it even 

more important to access the influence of the former athlete’s continuity of an 

active lifestyle, in order to produce reliable conclusions within their suggested 

lower morbidity (Friery, 2008; Kujala et al., 2003a; Laure & Binsinger, 2009). 

Nonetheless, beyond the fact that the physical activity’s benefits are extended 

to the general population, it is well documented that, within athletes, a lifelong 

exercise engagement provides even greater health related adaptations and 

achievements (Heath et al., 1981; Pollock et al., 1997; Trappe et al., 2013).  
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2.3.2. Physical Inactivity as a behavioral risk factor for health 

The action plan devised by the World Health Organization (WHO) as part 

of the global strategy for the prevention and control of non-communicable 

diseases (World Health Organization, 2009a) focuses on four chronic diseases 

that account for 60% of deaths worldwide: CVD, cancer, diabetes, and 

respiratory disorders.  

Prominent yet largely preventable behavioral risk factors associated with 

these diseases - either directly or indirectly via risk factors such as increased 

blood pressure or cholesterol concentrations - include tobacco, harmful alcohol 

use, unhealthy diets, physical inactivity, and obesity (Cecchini et al., 2010).  

The Organisation for Economic Co-operation and Development (OECD) 

and the WHO jointly developed a chronic disease prevention model (Figure 3) 

that implements a so-called causal web of lifestyle risk factors for cancer 

(including lung, colorectal, and female breast cancer), ischemic heart disease, 

and stroke (Sassi et al., 2009).  

 

 

 

Figure 2: Causal web for risk factors and disease events implemented in the 

chronic disease prevention model from OECD and WHO. (Cecchini et al., 2010 

- used with permission) 
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In the causal web concept there are mutual interactions between risk 

factors, which therefore have both direct and indirect effects on chronic 

diseases. While proximal risk factors, such as high blood pressure, cholesterol, 

and blood glucose, have a direct effect on the probability of developing these 

chronic diseases, conversely, distal risk factors such as low intake of fruit and 

vegetables, high fat intake, and insufficient physical activity, have an indirect but 

crucial effect, by modeling the basis of the existing empirical evidence (Cecchini 

et al., 2010). 

Another example of these modulation is shown in several lines of 

evidence, particularly suggesting that physical activity and dietary behaviors are 

related (Blakely et al., 2004; Jago et al., 2004; Matthews et al., 1997; Tapp & 

Goldenthal, 1982; Williams & Wechsler, 1972); showing an inverse relationship 

between physical activity and fat intake or a lack of fruit and vegetable intake 

(Eaton et al., 1995; Kubik et al., 2005; Pate et al., 1996). 

This association has also been suggested among former athletes, with 

several studies identifying them as adopting post-career healthy behaviors 

(Backmand et al., 2010; Fogelholm et al., 1994; Woitas-Slubowska, 2009).  

Despite all these benefits, the 2002 World Health Report suggested that 

around 3% of the global burden of disease in developed countries, and more 

than 20% of CVD as well as 10% of strokes were caused by physical inactivity, 

placing it among the 10 leading causes of death and disabilities in the 

developed world (World Health Organization, 2002).  

Furthermore, the WHO’s latest status report on noncommunicable 

diseases states that, approximately 3.2 million people die each year due to 

physical inactivity; and that people who are insufficiently physically active have 

a 20% to 30% increased risk of all-cause mortality (World Health Organization, 

2011).  

Another recent study concluded that one out of five adults around the 

world are completely inactive or not meet the minimal levels of physical activity 

necessary for health enhancement (Dumith et al., 2011).  

Additionally, physical fitness, that is, exercise capacity expressed as 

peak METs, is a powerful predictor of any-cause mortality in men and women, 
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irrespective of the presence of other risk factors (Blair et al., 1989; Katzmarzyk 

et al., 2004; Kodama et al., 2009; Kokkinos et al., 2008; Myers et al., 2002). 

For instance, figure 2 shows that low cardiorespiratory fitness accounts 

for about 16% of all deaths in a large population of women and men (in the 

Aerobics Center Longitudinal Study), and this is substantially more, with the 

exception of hypertension in men, than the other risk factors (Blair, 2009).  

 

                 

Figure 3: Attributable fractions (%) for all-cause deaths in 40 842 (3333 deaths) 

men and 12 943 (491 deaths) women in the Aerobics Center Longitudinal 

Study. (Blair, 2009 - used with permission) 

 

For all the exposed, physical inactivity is now suggested as one of the 

most important public health problems of the twenty first century, and may even 

be the most important (Blair, 2009).  
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2.3.3. Physical activity association with biological risk factors 

2.3.3.1. Hypertension 

Hypertension is an important modifiable risk factor for cardiovascular 

morbidity and mortality, and a highly prevalent condition in both men and 

women (Pimenta, 2012).  

A large number of studies addressing physical activity and hypertension 

have been conducted starting from the middle of the twentieth century. Several 

of these epidemiologic studies have shown that physical activity is inversely 

related the prevalence of hypertension (Chobanian et al., 2003). Part of this 

effect is thought to be mediated through reduced blood pressure [e.g., reducing 

systemic vascular resistance and heart rate, as well as increasing the stroke 

volume (cardiac output)], improved lipid metabolism, and decreased body 

weight (Leddy & Izzo, 2009; Pate et al., 1995).  

Exercise and hypertension guidelines recommend moderate amounts of 

moderately intense physical activity as effective in this relationship, and 

although it seems that there is insufficient evidence to define a dose-response 

effect (Gaya et al., 2009; Kesaniemi et al., 2001), some studies also 

acknowledge that additional benefits may accrue for larger doses of more 

intense activity (Chobanian et al., 2003; Kesaniemi et al., 2001), especially 

among men (Haapanen et al., 1997; MacAuley et al., 1996; Pereira et al., 

1999), while among women it seem to be fairly weak (Haapanen et al., 1997; 

Mensink et al., 1997a).  

Generally, it is accepted that blood pressure acutely decreases 

(hypotension) immediately after a single bout of aerobic exercise lasting 30 to 

60 minutes at intensities greater than 40% of maximal aerobic capacity, and 

seems to be longer among hypertensive subjects than among normotensives 

ones (Halliwill, 2001; Kenney & Seals, 1993). The aforementioned dose-

response response relationship also has clear effects on the so-called post-

exercise hypotension; and it’s thought to be due to a drop in systemic vascular 

resistance during exercise, which is not restored to normal level as rapidly as is 

the exercise-induced increase in cardiac output. This is achieved by reduced 
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activity of the sympathetic nervous system and impaired vascular 

responsiveness to α-adrenergic receptor stimulation, possibly through increased 

production of nitric oxide (Halliwill, 2001). In endurance-trained men, however, 

post-exercise hypotension has been the result of reduced cardiac output with 

vasodilatation absent (Senitko et al., 2002).  

Among former athletes different results were shown. Some studies 

suggested a lower hypertension’s prevalence (Hernelahti et al., 2002; Pyorala 

et al., 1967) and others found that previous participation in sports alone plays 

no significant role preventing the condition (Kujala et al., 1994; Paffenbarger et 

al., 1983). 

Considering, that the exercise benefic effect on blood pressure persists 

from 2 to 4 hours up to 13 hours after exercise (Kenney & Seals, 1993; 

Kesaniemi et al., 2001; Pescatello et al., 1991), it seems reasonable to assume 

that unless former athletes keep an active lifestyle, no benefit will arise, which 

may justify the aforementioned different results. 

2.3.3.2. Dyslipidemia 

Dyslipidemia – most commonly recognized when an elevation of the 

blood lipids occurs (hyperlipidemia), but also when related to a low level of 

some lipids (particularly HDL cholesterol) - is known as a risk factor for several 

diseases, particularly CVD (Anderson et al., 2013; Cleeman et al., 2001).  

Within the abnormal level of lipids that underlie these lipidemic disorders, 

HDL cholesterol and triglycerides are specially concerned and, therefore, 

considered in defining the MetSyd, a condition known to predict cardiovascular 

events and type 2 diabetes (Grundy et al., 2005). 

Favorable changes in serum lipids and lipoproteins by exercise training 

have been recognized in previous cross-sectional and longitudinal studies, and 

also in several meta-analyses (Bouillon et al., 2011; Despres & Lamarche, 

1994; Durstine et al., 2002; Kelley & Kelley, 2006; Koba et al., 2011).  

The most commonly observed change induced by exercise is an 

increase in HDL cholesterol as well as total cholesterol, while changes in LDL 

cholesterol and triglyceride are somewhat less frequent (Despres & Lamarche, 
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1994; Durstine et al., 2002; Kelley et al., 2005; Leon & Sanchez, 2001). A 

decrease of ± 38.7 milligrams per deciliter (mg/dL) in LDL cholesterol 

concentrations has been shown to be associated with a 23% lower risk of 

myocardial infarction or CHD (Baigent et al., 2005). Similarly, a 10% reduction 

in total cholesterol is suggested to be associated with a 20% reduction in the 

risk of CHD (Probstfield & Rifkind, 1991). 

Although, one can observe beneficial effects even in short-term programs 

(Berg et al., 1997), it is accepted that regular aerobic exercise decreases total 

cholesterol, LDL cholesterol, and triglyceride levels by an average of 3.9, 3.9, 

and 7.1 mg/dL, respectively, and raises HDL cholesterol levels by an average of 

1.9 to 2.5 mg/dL (Halbert et al., 1999; Kodama et al., 2007).  

In fact, even among HDL cholesterol responses to exercise, there is a 

great deal of variability (Kelly, 2010), and the related exercise improvements 

seem to be more associated to the amount of activity than to the intensity of 

exercise or fitness (Kraus et al., 2002).  

Yet, it is commonly accepted that the minimal amount of exercise needed 

to increase HDL cholesterol levels is 900 kcal of energy expenditure per week, 

or about 120 minutes of aerobic exercise (Kodama et al., 2007). However, 

higher intensity aerobic exercise has also been shown to increase the HDL 

cholesterol and (together with resistance exercise) to lower the LDL cholesterol 

levels in adults, independently of their gender and age (Tambalis et al., 2009).  

Among former athletes and accordingly, those who have engaged in 

most vigorous sports were already identified with a not as such atherogenic lipid 

profile (including lower total cholesterol and LDL cholesterol and higher HDL 

cholesterol) than their sedentary controls (Kujala et al., 2003a). Nonetheless, 

previous studies found that a lack of post-career exercise maintenance 

[sedentary former athletes (Dey et al., 2002)] as well as their concomitant 

weight gain (Pihl & Jurimae, 2001) are associated with higher mean values for 

total cholesterol, LDL cholesterol, triglycerides, and with lower values of HDL 

cholesterol than active former athletes and sedentary non-athletes. 

However, even not maintaining a high post-career exercise engagement, 

it seems that small amounts of physical activity could be of benefit for the 
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reduction of dyslipidemia. A previous study showed the mean non-fasting serum 

lipid levels of both men and women, classified according to the daily number of 

steps of walking graded at intervals of 2000 steps (Hata & Nakajima, 2000), and 

the authors concluded that the triglyceride levels gradually decreased and HDL 

cholesterol levels significantly increased as the number of steps increased in 

subjects of both sexes. Meanwhile, the total cholesterol levels were unrelated to 

the number of steps.  

Furthermore, another study had already documented that although one 

hour of daily walking may not have marked effects on cardiorespiratory fitness, 

it probably represents an exercise prescription that is likely to substantially 

improve the risk factors for CVD, lipids included (Despres & Lamarche, 1994). 

A more recent study, however, concluded that the contribution of 

changes in diet and physical activity were modest compared with 

pharmacological treatment among individuals at high risk of CVD. Nevertheless, 

a favorable change in diet and physical activity in the group of people with a 

non-optimal lifestyle were estimated to largely result in declining LDL 

cholesterol, which was similar to the results of the  pharmacological treatment 

on the individuals at higher risk (Bouillon et al., 2011).  

Even among sedentary former athletes, this may be another inheritance 

of a sporting career and that it is worth considering, once they are also known 

for adopting a healthy diet (Kujala et al., 2003b; Pukkala et al., 2000); therefore 

with a possible impact on the dyslipidemia’s risk. 

2.3.3.3. Hyperglycemia 

Hyperglycemia is behind diabetes and is associated with long-term 

damage, dysfunction, and failure of different organs, especially the eyes, 

kidneys, heart, and blood vessels (American Diabetes Association, 2010).  

Physical activity is one of the key modifiable risk factors for 

hyperglycemia (Healy et al., 2007). Both observational studies and intervention 

trials have shown strong beneficial effects of physical activity in reducing insulin 

resistance and glucose intolerance (Ezzati et al., 2004; Healy et al., 2008; Hu et 

al., 2001; Sigal et al., 2004).  
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Skeletal muscle is the predominant site for insulin resistance (DeFronzo 

et al., 1992) and physical activity has been shown to improve insulin sensitivity 

in these tissues (Spelberg, 1993) via increased oxidative enzymes, glucose 

transporters (GLUT4) (Goodyear & Kahn, 1998), and capillarity in muscle, as 

well as by reducing abdominal fat (Chisholm et al., 1997).  

In the context of overall glucose homeostasis, a single bout of exercise 

can markedly increase the whole-body glucose’s disposal rates (Pruett & Oseid, 

1970) and increase the sensitivity of skeletal muscle glucose uptake to insulin 

(Richter et al., 1989). A single session of resistance or endurance-type exercise 

substantially reduces the prevalence of hyperglycemia during the subsequent 

twenty four hours period (van Dijk et al., 2012).  

Nevertheless, given the limited evidence, it is also proposed that no 

definite conclusion can be drawn either as to the amount of physical activity 

needed to reduce the risk of diabetes in individuals with impaired glucose 

tolerance and/or impaired fasting glucose, or the effectiveness of a single-

component physical activity intervention (Yates et al., 2007). Effectively, it 

seems that unless the engagement is long enough and/or of sufficient intensity, 

it will not elicit the necessary magnitude of change in insulin sensitivity for this to 

be translated into a significant reduction in plasma glucose (Yates et al., 2007). 

Regarding the long-term effects of an intense exercise engagement, it 

should be expected that former athletes could be of interest. However, to our 

knowledge, no study exists trying to specifically analyze the glucose levels 

amongst them. Yet, long-term higher intensity exercise training is also 

suggested to provide more enduring benefits to insulin action compared with 

moderate or low-intensity exercise, likely due to greater transient effects 

(DiPietro et al., 2006).  

As such, it seems reasonable to expect a former athlete’s hyperglycemia 

protection, especially within the elite ones, and who are likely to keep an active 

lifestyle. 
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2.3.3.4. Overweight/Obesity 

Overweight and obesity are conditions of excess body fat (National 

Health and Medical Research Council, 1997). The WHO defines weight status 

according to BMI, the ratio of weight (in kilograms) divided by height (in meters 

squared). A BMI of 20 to 25.9 defines normal weight, 25 to 29.9 defines 

overweight and equal to or greater than 30 defines obesity (World Health 

Organization, 2003).  

It is well known that physical activity acts as a major determinant of 

overweight/obesity (World Health Organization, 2009b). 

A report from a consensus conference published in 2003 (Saris et al.) 

has attempted to provide recommendations, concluding from two prospective 

non-randomized cohort studies among women who had successfully lost 

weight. It concluded that there was compelling evidence that, prevention of 

weight regain in formerly obese individuals requires 60–90 minutes of moderate 

intensity activity or lesser amounts of vigorous activity’s.  

However, given the uncertainty from the observational studies and the 

scarcity of randomized controlled trials, the short answer to the question ‘how 

much activity is enough to prevent weight gain?’ is that it is not known (Branca 

et al., 2007; Wareham et al., 2005).  

Notwithstanding, higher levels of physical activity are suggested to be 

associated with a general healthy lifestyle, which additionally may act an 

indirect benefit for the weight management (Mensink et al., 1997b; Mummery et 

al., 2007).  

Moreover, some longitudinal cohort studies (DiPietro, 1999; Fogelholm & 

Kukkonen-Harjula, 2000; Saris et al., 2003; Wareham et al., 2005) confirmed 

that higher levels of physical activity may attenuate weight gain over time, even 

beyond the period of activity (Schmitz et al., 2000). Thus, despite an active 

lifestyle should be maintained indefinitely, through this attenuation of weight 

gain, a temporary increase in physical activity may have health benefits beyond 

the period of activity (Schmitz et al., 2000).  
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Likewise, a long-term dose-response relationship between amount of 

weekly exercise and amount of weight change is also accepted (Slentz et al., 

2004). 

Nonetheless, besides the suggested dose-response effect (Kay & 

Fiatarone Singh, 2006), minimal amounts of physical activity were also shown 

to be effective for appropriate weight control, since exercise is maintained for a 

suitable period of time (Mayer et al., 1954; Slentz et al., 2004). For instance, in 

a series of papers from a pan-European survey, which included representative 

samples of about 1000 adult subjects from fifteen European Union member 

states, low participation in leisure-time physical activity was shown to be 

inversely associated with the prevalence of obesity (Martinez-Gonzalez et al., 

1999).  

As mentioned, the indirect effect of physical activity on chronic diseases 

is mediated partly by the BMI, which acts on proximal risk factors and directly 

on disease events (Cecchini et al., 2010). Another of these pathways appears 

to be via its specific effect on abdominal fat/adiposity (Kay & Fiatarone Singh, 

2006), where both the BMI and the waist circumference (included in the cluster 

of risk factors which define the MetSyd) independently act as predictors 

(Janssen et al., 2002).  

Abdominal fat (determinant for the waist circumference) has been 

associated with CVD (Haffner, 2007), type 2 diabetes (Bays, 2009), colon 

cancer (Giovannucci, 2007) and breast cancer (Xue & Michels, 2007) as well as 

all-cause mortality, even in people with a normal body weight (Pischon et al., 

2008). Thus, the health consequences of abdominal adiposity and physical 

inactivity are similar (Pedersen, 2009).  

It is well known that physical inactivity leads to such accumulation of 

visceral fat and, consequently, to the activation of a network of inflammatory 

pathways (Figure 4), which promote the development of insulin resistance, 

atherosclerosis, neurodegeneration and tumour growth and, thereby, the 

development of the diseases (Pedersen, 2009). 
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Figure 4: Consequences of the relationship between physical inactivity and the 

concomitant inflammation. (Pederson, 2009 - used with permission) 

 

Among former athletes, little is known regarding overweight or obesity in 

later years (Laure & Binsinger, 2009). However, it seems that a lack of 

continuity in the post-career period physical activity engagement may lead to a 

worst BMI’s scenario. A previous study aiming to examine CVD risk factors in 

former athletes versus age-matched controls concluded that sedentary former 

athletes had significantly higher mean values for weight, BMI and body fat 

percentage, than active former athletes and sedentary non–athletes (Dey et al., 

2002). Furthermore, repeated cycles of weight loss and regain (e.g., typical of 

power athletes) seem to increase subsequent weight gain and may predispose 

to overweight/obesity, contributing to a possible explanation for some of the 

differences between sedentary former athletes and active former athletes and 

controls (Saarni et al., 2006). 

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=2805368_tjp0587-5559-f2.jpg
http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=2805368_tjp0587-5559-f2.jpg
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2.3.4. Physical activity association with major chronic diseases 

2.3.4.1. Metabolic Syndrome 

Although not strictly a chronic disease, MetSyd is a cluster of metabolic 

risk factors known to, among others, strongly and directly promote the 

development of CVD (Cleeman et al., 2001) and increase the risk for 

developing type II diabetes mellitus (Grundy et al., 2005). 

According to the joint interim statement of the International Diabetes 

Federation and the American Heart Association/National Heart, Lung, and 

Blood Institute (Grundy et al., 2005), MetSyd is defined as ≥ 3 of any of the 

following: abdominal obesity [waist circumference >102 centimeters (cm) in men 

or >88 cm in women); hyperglycemia (fasting glucose ≥100 mg/dL or current 

use of insulin or oral hypoglycemia medication); hypertriglyceridemia ≥150 

mg/dL; low HDL cholesterol <40 mg/dL in men or <50 mg/dL in women; 

elevated blood pressure [systolic blood pressure/diastolic blood pressure ≥ 

130/85 millimeters of mercury  (mmHg)] or regular use of antihypertensive 

medication. 

Due to its strong relationship with both CVD and diabetes, we will 

analyze the physical activity’s effects separately within each of the conditions. 

2.3.4.2. Cardiovascular Diseases 

There is substantial evidence to support an inverse relationship between 

physical activity and CVD risk (Nocon et al., 2008; Physical Activity Guidelines 

Advisory Committee, 2008). This evidence is mostly based on the  inverse 

association with CVD risk factors, such as BMI, blood pressure, lipids, diabetes 

or inflammatory/hemostatic factors (Mora et al., 2007; Thompson et al., 2003). 

Some of the most prominent risk factors that underlie the risk of CVD are 

the ones included in the MetSyd’s definition. Among others, some of the major 

effects of exercise on the prevention of CVD are mediated through the lowering 

of these risk factors (Grundy et al., 2005).  

Although sporting (vigorous) activity does not appear to be essential to 

achieve this benefit (Wannamethee & Shaper, 2001), there is also compelling 
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evidence (Figure 5) of a dose–response relationship between physical activity 

intensity and CVD: activities >6 METs (vigorous) are associated with lower risk 

of CVD than activities of 3–6 METs (moderate), especially in men (O'Donovan 

et al., 2010). 

 

 
 

Figure 5: Median relative risks of CHD/CVD by dose of physical activity. 

(Shiroma & Lee, 2010 - used with permission) 

 

Similarly, in the systematic evidence review supporting the 2008 

Guidelines, the expert panel concluded that compared with the least active 

subjects, the most active men and women had median risk reductions of ±30% 

to 35% for developing CVD (Physical Activity Guidelines Advisory Committee, 

2008).  

Another piece of evidence seems to be the fact that those with improved 

physical fitness, especially aerobic power (Myers et al., 2002), are expected to 

have a larger benefic association with the risk of CVD, when compared to the 

intensity of physical activity (Williams, 2001). Still, this physical fitness 

improvement is achieved by increasing physical activity’s duration and intensity 

(Physical Activity Guidelines Advisory Committee, 2008).  
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A low aerobic power has been suggested to be a more powerful predictor 

of mortality than the established risk factors for CVD (Myers et al., 2002). In this 

respect, there are several studies trying to establish a relationship between 

aerobic power and older/former athletes. Yet, findings diverge; while some 

studies show advantages (Heath et al., 1981), especially related to the 

maintenance of exercise engagement (Trappe et al., 2013), others suggest no 

later significant differences between these and sedentary subjects (Pollock et 

al., 1997). 

A recent study (Zwiers et al., 2012) highlighted that former Olympic 

athletes who engaged in disciplines with high cardiovascular intensity 

(intrinsically associated with higher aerobic power) had a mortality risk similar to 

the athletes from disciplines with low cardiovascular intensity, indicating that, for 

instance, engaging in cycling and rowing (high cardiovascular intensity) added 

no survival benefit compared with playing golf or cricket (low cardiovascular 

intensity). However, this study did not consider the fact that these former 

athletes have or have not maintained an adequate level of activity after the end 

of their careers. 

Results from other studies indicate that the former athlete’s risks for CVD 

after the retirement from active sports were more related to the present-day 

physical activity (Dey et al., 2002; Unt et al., 2008). Accordingly, Pihl and 

colleagues (1998) had already concluded that the prevalence of CVD’s risk 

factors were lower within presently active individuals (whether they were former 

athletes or recreational exercisers) when compared with sedentary ones (former 

athletes included). Moreover, it has been suggested that those former athletes 

which became sedentary after discontinuing of their sports career carry an even 

worse CVD’s risk factors (e.g., grade profile of blood lipids and oxidative stress) 

scenario than the non-athletic controls (Pihl et al., 2003).  

Notwithstanding, there are some other results claiming that beyond the 

continuity of physical activity’s engagement (specially vigorous), a previous 

aptitude for endurance athletic events also appears to be associated with 

protection against CHD (Kujala et al., 2000), which, together with the paucity of 

studies in this area, makes any conclusions unclear. 
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2.3.4.3. Type 2 Diabetes 

Type 2 diabetes is a disabling chronic condition which has significant 

human, social and economic costs, and is a major public health problem 

worldwide (Wild et al., 2004; World Health Organization, 2002, 2005). 

Physical inactivity is one of the main modifiable behavioral risk factors for 

type 2 diabetes. Both observational studies and intervention trials have shown 

strong benefits from participation in regular physical activity. These benefits 

mainly arise from the physical activity’s capacity to improve insulin resistance, 

blood glucose control and preventing or delaying onset of type 2 diabetes and 

diabetes-related health complications (Colberg et al., 2010; Helmrich et al., 

1991; Sigal et al., 2006; Steinberger & Daniels, 2003). 

Similarly to the CVD’s, exercise improvements in the MetSyd are also 

associated with the prevention and management of diabetes and its related risk 

factors (Xue & Michels, 2007). 

Although low-intensity physical activity may also be beneficial 

(Laaksonen et al., 2005), both moderate and vigorous activity have been more 

effectively associated with a decreased risk, and greater volumes of physical 

activity may be further preventive (Hu et al., 1999). 

Likewise, both aerobic and resistance training improve insulin action, at 

least acutely, and can assist with the management of blood glucose levels 

(increasing glucose uptake into active muscles balanced by hepatic glucose 

production, with a greater reliance on carbohydrate to fuel muscular activity as 

intensity increases), but exercise must be undertaken regularly to have 

continued benefits and likely include regular training of varying types (Colberg 

et al., 2010). Moreover, because the duration of increased insulin sensitivity is 

generally not >72 h, recommendations are that there should not be more than 2 

consecutive days without physical activity (Sigal et al., 2006). 

To our knowledge, only two studies looked at diabetes among former 

athletes (Kujala et al., 1994; Wyshak, 2002), and both concluded that they were 

less exposed to the disease. Whether the results are dependent of a post-

career active way of living or other lifestyle’s behaviors, is unknown. 
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2.3.4.4. Respiratory Diseases 

Despite the major environmental factor that modifies the effects of aging 

on pulmonary function is smoking (Burchfiel et al., 1995; Pelkonen et al., 2003; 

Tager et al., 1988; World Health Organization, 2009b), there are other factors 

that could help in its decline.  

Several studies show that regular exercise training and good physical 

fitness are related to better pulmonary function (Burchfiel et al., 1997; Garcia-

Aymerich et al., 2007; Pelkonen et al., 2003), which in turn is related to the 

occurrence of respiratory diseases (Donaldson et al., 2002; Fowler, 1949; 

Speizer et al., 1980). An example is the Harvard Alumni Health Study, where 

the former athlete’s amount of exercise was shown to be inversely related to 

deaths due to respiratory diseases (Paffenbarger et al., 1986). 

On the other hand, several respiratory conditions are initiated, or at least 

complicated, by the inhalation of particles and gases. As a consequence of the 

exercise-related switch from nose to mouth breathing and the accompanying 

increase in rate of flow, the inhaled substances reaching the lower airways and 

alveolar regions can increase by many hundred folds (Kujala et al., 1996), 

possibly allowing an increased vulnerability for some of these conditions. 

Within these infirmities, it is also particularly well documented that 

exercise can provoke an increase in airways resistance and frequent upper 

respiratory tract infections, leading to the susceptibility of developing asthma 

(Langdeau & Boulet, 2001; Ram et al., 2000).  

The term exercise induced asthma (EIA) is used to describe acute lung 

airway narrowing occurring during and/or after physical activity. In  2008,  the  

PRACTALL  initiative, endorsed  by  the  European  Academy  of Allergy  and  

Clinical  Immunology  and the American Academy of Allergy, Asthma and 

Immunology (Schwartz et al., 2008) defined the EIA as lower airway obstruction 

and symptoms of cough, wheezing or dyspnea induced by exercise in patients 

with underlying asthma, but also usual in individuals without asthma.  

The duration and intensity of exercise also have an effect on EIA. High-

intensity and long-duration exercise result in increased risk of an episode (Fitch 

& Godfrey, 1976). 
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Furthermore, it is known that exercise is the most common trigger of 

bronchospasm in those who are known to be asthmatic, and 50 to 90% of all 

individuals with asthma have airways that are hyper-reactive to exercise 

(Rundell & Jenkinson, 2002). However, this condition also occurs in up to 10% 

of subjects who are not known to be atopic or asthmatic (Gotshall, 2002).  

Thereby, this is a problem that is likely more prevalent than currently 

clinically recognized (Parsons & Mastronarde, 2005), and in which those 

individuals who have been exposed to higher and enduring amounts of physical 

activity should be particularly considered. 

As far as we know, only two studies were performed aiming to investigate 

respiratory diseases among former athletes. Both focused mainly on asthma or 

EIA and concluded that the occurrence of the disease was not increased within 

former athletes (Kujala et al., 1996), and that it may develop during and subside 

after an active sports career and is partly reversible (Helenius et al., 2002). 

2.3.4.5. Cancer 

Physical activity may well represent one of the most promising research 

leads in the quest to identify potentially modifiable lifestyle risk factors for 

cancer (Parent et al., 2011). It has been hypothesized to protect against cancer 

through obesity reduction, improved insulin sensitivity and sex hormone profiles, 

and lowered inflammation (McTiernan, 2008; Parekh et al., 2012). 

An active way of living has been suggested to be inversely related to 

cancers of the breast, colon, as well as advanced prostate cancer, and possibly, 

pancreatic cancer (Kushi et al., 2012). However, the evidence is convincing for 

colon (World Cancer Research Fund & American Institute for Cancer Research, 

2007) and breast (Physical Activity Guidelines Advisory Committee, 2008) 

cancers only.  

Although the optimal intensity, duration, and frequency of physical activity 

needed to reduce the cancer risk is still unknown, approaching and exceeding 

300 minutes of moderate intensity activityor 150 minutes of vigorous activity per 

week is likely to provide additional protection (Kushi et al., 2012). 
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Therefore and besides lower amounts are also recognized has beneficial, 

the most prominent publications within the relationship between exercise and 

cancer suggest that higher amounts of physical activity may provide even 

greater reductions in cancer risk (Kushi et al., 2012; World Cancer Research 

Fund & American Institute for Cancer Research, 2007). 

Nonetheless, intense exercise maintained for prolonged periods (tipical 

of former athletes, especially the elite ones) is related to immune suppression 

and susceptibility to infections (Mackinnon, 2000; Woods, 2005), which has also 

been associated with lymphoid cancer (Chang et al., 2004; Zahm et al., 1999). 

Also in this field, several sport activities (Coldman et al., 1982), whether of 

moderate (Srivastava & Kreiger, 2000) or vigorous (Gallagher et al., 1995; 

Srivastava & Kreiger, 2000) intensities were also shown to be associated with 

an increased risk of testicular cancer in men. 

For all the exposed and in order to establish a clearer association 

between the aforementioned exercise characteristics and the risk of cancer, it 

seems that investigations amongst the former athletes population should be of 

great value. 

According to some studies conducted in the eighties (Frisch et al., 1985; 

Frisch et al., 1987), and more recently followed (Wyshak & Frisch, 2000), breast 

cancer as well as cancers of the reproductive system are at lower risk among 

former athletes. 

Another study followed up 2269 men former world-class athletes for 28 

years and showed that the risk of lung cancer was lower than in the general 

population, especially among endurance athletes; additionally,  the risk of 

kidney cancer was also lower (Pukkala et al., 2000).  

On the other hand, an increased risk for malignant melanoma in former 

marathon runners (Ambros-Rudolph et al., 2006), as well as thyroid cancer in 

female former athletes and testicular cancer in male former athletes (Robsahm 

et al., 2010), has also been reported. 

Nevertheless, according to some authors (Gammon et al., 1998; Laure & 

Binsinger, 2009; Parent et al., 2011) some doubts remain unclear, specifically 

the effects of different dose of prior activity, whether the current activity and its 
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volume (e.g., recreational or occupational) is determinant for the alleged 

protection/harm, as well as the duration, frequency or intensity and the time 

period in the subject’s life during which they were exposed to a risk or protective 

factor. 

Therefore, it seems evident that further studies regarding the 

associations between physical activity and cancer are needed; and that, 

particularly among former athletes, it is clearly under-studied. 
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3. Experimental Work 

This thesis was conducted from 2008 to 2012.  

The submitted investigations are herein presented according to the 

guidelines of each of the scientific journals to which they were submitted. 

The aim of each article (paper title) and the basic characteristics of the 

samples are shown in table 1. A detailed description concerning variables 

assessment, samples studied and statistical procedures are given in the 

following pages. 

 

 

Table 1 - Titles of each paper and basic characteristics of the samples. 

Analysis 
Sample 

Size 

Sample 

Distribution 

Risk factors for major chronic diseases among 

former athletes of different levels.  
491 

225 FEA; 

168 FNEA; 

98 NA. 

Post-career physical activity association with the 

prevalence of selected chronic diseases among 

former athletes.  

627 

290 FEA; 

201 FNEA; 

136 NA. 

Are former elite athletes more protected against 

metabolic syndrome?  
491 

225 FEA; 

168 FNEA; 

98 NA. 

Prevalence of specific cancers among former 

elite athletes.  
627 

290 FEA; 

337 Controls. 

Are former athletes more prone to asthma?  627 

290 FEA; 

201 FNEA; 

136 NA. 

FEA - Former Elite Athletes; FNEA - Former Non-Elite Athletes; NA- Non-Athletes. 
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Abstract 

 

This cross-sectional study examined whether the prevalence of 

behavioral and biological risk factors of men and women former elite athletes, 

differed from non-elite, and non-athletes. 267 men and 224 women, in a total of 

491 subjects participated in this study. Major behavioral and biological risk 

factors identified in the 2002 World Health Report were assessed. Despite 

alcohol consumption, former elite athletes had at least 70% lower likelihood 

than non-athletes for the other behavioral risk factors. Regarding biological 

ones, overweight/obesity seems to be the one where minor differences exist, 

with significant odds ratio only among women former elite athletes (0.09, 

p<0.001) when compared to non-athletes. Most of the analysis presented 

healthy outcomes among former elite athletes. Albeit the results extend to both 

sexes, men appear to have slightly healthier outcomes. Being a former athlete, 

especially at an elite level, seems to be associated with decreased risk factors 

for major chronic diseases. 

 

Keywords: Lifestyle, physical activity, risk factors, master athlete, aging.  
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Introduction 

There is a widespread scientific and public health policy consensus that 

behavioral factors such as cigarette smoking, hazardous alcohol drinking, 

physical inactivity and unhealthy dietary practices contribute significantly to 

prevent chronic diseases (Fine, Philogene, Gramling, Coups, & Sinha, 2004). 

Health lifestyles comprise interacting patterns of health-related 

behaviors, orientations and resources adapted by groups of individuals in 

response to their environment (Abel, Walter, Niemann, & Weitkunat, 1999). 

According to some studies, former elite athletes adopt a healthier lifestyle 

(Fogelholm, Kaprio, & Sarna, 1994) and, therefore, when compared to the 

general population, have a lower prevalence of the risk factors that underlie the 

major chronic diseases (Kujala et al., 2003). These differences could also arise 

from the youth, when athletes strengthened their organisms, especially 

circulatory system, by regular intensive physical training. Moreover, former elite 

athletes’ individual biological and mental features, which enabled sport 

successes, might not be indifferent (Gajewski & Poznanska, 2008). This raises 

the question whether these lifestyle characteristics, as well as the suggested 

risk factor's protection differs from former non-elite athletes. Further, sex-based 

inequalities in health during later-life are well documented and have been 

attributed to sex-specific health and longevity-related behaviors (Prus & Gee, 

2003). Likewise, and beyond former athletes of dissimilar levels, there is a gap 

of studies aiming to analyze differences in the protective factors for chronic 

diseases between men and women.  

Therefore, our study examined whether development of behavioral and 

biological risk factors of men and women former elite athletes, differed from 

non-elite, and non-athletes. 

Materials and methods 

We identified former elite athletes who represented Portugal in selected 

sports at least once in the Olympic Games, World or European championships 

or other international competitions; former non-elite athletes who competed in 

selected sports at least for three consecutive years in their adult life, but at no 
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time represented Portugal; and control subjects randomly selected in the 

Portuguese population, matched for age, and who were never athletes. All 

subjects had to be at least 30 years old. Former athletes competed during 

1969-2005, and at the time of the study have ended the career for at least three 

years. Sports federations provided and confirmed athlete’s sports history. 

In order to make known the study, describe the aims and invite former 

athletes and controls to come to one of the laboratories which we provide for 

the collection of biochemical measures, we conducted a first interview by 

telephone (1378 subjects). After consent to participate (868 subjects), we 

mailed a questionnaire (preceded by a pilot study that attested the reliability) 

based on the World Health Organization STEPs approach (Bonita, De Counter, 

Dwyer, Jamrozi, & Winkelmann, 2001). This questionnaire, as well as the study 

protocol were approved by the local ethics committee, and included data on 

demographic information (age, sex and occupation), behavior and biologic 

characteristics (tobacco use, alcohol consumption, diet, history of after the 

career physical activity and history of raised blood pressure, cholesterol, 

triglycerides, glucose and chronic diseases), physical (height, weight, waist and 

blood pressure) and biochemical measurements [blood glucose, triglycerides, 

total cholesterol, high-density lipoprotein cholesterol (HDL) and low-density 

lipoprotein cholesterol (LDL)]. We have also questioned about history of each of 

the biologic risk factors among blood relatives of the first degree (fathers and 

siblings). 

The response rate was 78% for former elite, 71% for non-elite, and 64% 

for non-athletes, reducing the study population for 627 subjects. We have 

excluded pregnant women’s (5), individuals who currently have cardiovascular 

diseases, diabetes types I and II, cancer, or the ones who did not undergone 

biochemical measurements or did not mention the treatments that are presently 

undergoing (131). Thus, the successful study population consisted of 267 men 

and 224 women, in a total of 491 subjects.  

 

 



 

71 
 

Procedures and categorization 

We computed after career (adulthood for non-athletes) physical activity 

engagement of moderate and vigorous intensity based on structured questions 

regarding participation in three dimensions: recreational, traveling to and from 

places (walk or bicycle) and at work. These questions contemplated items such 

as the activity performed in each dimension, the average number of days per 

week, as well as its mean duration time. According to the adults 

recommendations from the American College of Sports Medicine and the 

American Heart Asociation (Haskell et al., 2007), subjects were considered to 

have lower physical activity than recommended if after career termination they 

engage in less than 30 min·d¯¹ on 5 d·wk¯¹ of moderate-intensity aerobic, or 

less than 20 min·d¯¹ on 3 d·wk¯¹ of vigorous-intensity aerobic activity. If 

engagement had been at least 30 min·d¯¹ on 5 d·wk¯¹ of moderate-intensity 

aerobic, or 20 min·d¯¹ on 3 d·wk¯¹ of vigorous-intensity aerobic activity, we 

considered participants as meeting physical activity recommendations. 

We adopt the WHO’s guidelines regarding frequency and pattern of 

drinking (Ezzati, 2004) and categorized subjects as hazardous drinkers (if in 

one single occasion of the past 30 days they had drunk 5 for men or 4 for 

women standard alcoholic drinks; alternatively, if, generally, their alcohol 

consumption rarely or never is within meals), moderate drinkers (if they have 

not drunk 5 for men or 4 for women standard alcoholic drinks in one single 

occasion of the past 30 days; and if consumption is typically at mealtimes), and 

abstainers (if they never consumed an alcoholic drink).  

By separately multiplying the weekly frequency of consumption by the 

number of servings consumed per day and dividing it by seven, we have 

estimated the daily average consumption of fruits and vegetables. We 

considered the subjects to be amid the insufficient fruit and vegetables 

consumption category if they reported less than five daily servings of both. 

The subject’s smoking status was based on a detailed smoking history, 

and they were classified into three categories: never, ex, or current smokers.  

Socio-economic/occupational groups had the following categories: 

government employee, nongovernment employee, self-employed, retired, 
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unemployed-able to work, and unemployed-unable to work. For employed 

subjects, we assessed data regarding physical activity at work. 

Within the questions related to the standard alcohol drink, fruit and 

vegetables servings, and the post-career physical activity engagement, 

examples and the measurement protocol were provided (one serving, one 

standard drink; vigorous and moderate physical activity). 

We asked participants to self-measure height and weight, in order to 

provide current values. We requested the height measurement to be conducted 

by a second person, and instructed the subjects to stand barefoot (also for 

weight measurement), leaning against a wall and looking forward. The body 

mass index (BMI in kg/m²) was calculated based on self-reported height (m) 

and weight (kg), and overweight/obesity was considered within the BMI’s 

between 25 and 29.9, and ≥ 30, respectively. 

For the abdominal circumference, we requested the measurement to be 

carried out without clothes; that is, directly over the skin, halfway between the 

lowest rib and the top of the hipbone. Sample images were available. 

Biochemical data and blood pressure measurements were collected at 

the laboratory with participants fasted for at least 12 hours and recorded in the 

questionnaire form. Measurements obtained on fasting in the last 12 months, 

and carried out in specialized laboratories, have also been accepted. 

According to the Third Report of the National Cholesterol Education 

Program (Cleeman et al., 2001), the subjects were categorized as hypertensive 

(systolic blood pressure/diastolic blood pressure ≥130/85 mmHg or regular use 

of antihypertensive medication), hyperglycemic (fasting blood glucose ≥100 

mg/dL or current use of insulin or oral hypoglycemia medication) and 

hyperlipidemic (cholesterol >240 mg/dL; or HDL <40 mg/dL in men or <50 

mg/dL in women; or LDL  ≥160 mg/dL; or triglycerides ≥150 mg/dL; or current 

use of medication to treat lipidemic disorders). 

 

Statistical analysis  

Cross-tabulations of the Chi-square test were used to examine 

differences in the behavioral and biological characteristics. The continuous 
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variables were analyzed with Anova (Kruskal-Wallis for the not normally 

distributed). A dichotomous dependent variable was constructed to each of the 

categorical and coded 1 for “no” and 2 for “yes”. Logistic regression estimated 

the association of the level of participation as well as type of sports according to 

intensity with the likelihood of presence of each of the risk factors. Adjustments 

were made for age and occupation in behavioral ones, and to age, occupational 

and family history of each of the biological. The covariates for the logistic 

regression models were forced into the model. Significance was considered to 

be p < 0.05. All statistical analysis was performed with PASW Statistics 18 for 

Windows. 

Results 

Table 1 shows that regarding smoking characteristics, non-athletes had 

the higher percentage of actual smokers (80 % of men and 78% of women) 

compared to former non-elite (19% of men and 36% of women) and elite 

athletes (36% of men and 28% of women). However, both men (12%) and 

women (10%) former elite athletes had a higher percentage of participants who 

smoked in the past. They were also the ones with a lower percentage of daily 

smokers (88% among men and 50% among women), and with fewer cigarettes 

consumed per day (11.9 ± 6.4 among men, and 8.0 ± 4.8 among women), while 

former non-elite athletes had the highest (17.8 ± 3.3 in men and 12.9 ± 4.8 in 

women). Women former non-elite (1.7 ± 1.1), and men non-athletes (1.5 ± 0.9) 

had the lowest daily consumption of fruits and vegetables. Among men, former 

elite and non-elite athletes had a similar percentage (66% and 62%) of 

participants with less than 5 servings of fruit/vegetables consumed every day 

and lower when compared to non-athletes (94%). Furthermore, among women, 

non-athletes also had the higher percentage (88%), but there was a significant 

difference (adjusted standardized residual value) between former elite (46%) 

and non-elite athletes (78%). We found no relevant differences between groups 

across sex percentage of latest 12-month abstainers or hazardous drinkers. 

However, last 30 days consume of 5 or more standard drinks for men was 

found to be higher in non-athletes (80%) than former elite (61%) or non-elite 
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athletes (60%). Regarding the pattern of drinking, former non-elite athletes 

where the ones with the lower percentage of subjects claiming to rarely or never 

drink the alcohol beverages within meals (3% of the men and 4% of women). 

Specifically among men, non-athletes had 16% of subjects with this pattern, and 

former elite athletes 10%. Among women, 25% of the former elite athletes and 

8% of the non-athletes also follows this pattern. Non-athletes had a significantly 

weakest percentage of men engaging in leisure-time moderate (43%) or 

vigorous-intensity sports (18%), fitness or recreational physical activity, walking 

or using a bicycle for at least 10 minutes continuously to get to and from places 

(27%), and total time insufficient physical activity engagement (55%). Also in 

non-athletes, percentages of women engaging in leisure-time moderate-

intensity sports, fitness or recreational physical activity (18%), walking or use a 

bicycle for at least 10 minutes continuously to get to and from places (29%) and 

total time insufficient physical activity engagement (61%) were the lowest of the 

three groups.  

In Table 2 one can see that, with regard to blood lipid values (LDL  and 

HDL in women, cholesterol and triglycerides in both men and women) non-

athletes presented the worst lipid profile (p<0.001). Likewise, non-athletes of 

both sexes were the ones with a higher percentage of dyslipidemic participants 

(88%), followed by former non-elite (62% of men and 75% of women) and elite 

athletes (53% of men and 20% of women). Regarding blood pressure values, 

we only found significant differences among women, specifically in systolic 

blood pressure, were the lower values belonged to former non-elite athletes 

(105.2 ± 15.1), intermediate values to former elite athletes (108.5 ± 20.4) and 

the highest values to non-athletes (116.7 ± 22.2). Regarding both sexes 

hypertension percentages, former non-elite athletes also had the lowest (46% 

and 22%) when compared to former elite athletes (51% and 25%) and non-

athletes (71% and 61%). Men former elite athletes had the lower fasting 

glucose levels (91.7 ± 17.2), followed by non-elite (94.4 ± 19.8) and non-

athletes (105.3 ± 23.6). Nevertheless, percentage of hyperglycemic participants 

presented important differences (p<0.001) among men and women, with more 

hyperglycemic participants among non-athletes (67% for men and 43% for 
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women) than the former non-elite (48% for men and 28% for women) and elite 

athletes (37% for men and 10% for women). With regard to BMI or percentage 

of participants with overweight/obesity, no statistically significant differences 

were found among men. However, among women, we could observe that non-

athletes had a higher average BMI (27.7 ± 4.8) than former non-elite (25.9 ± 

3.4) and elite athletes (22.7 ± 1.9). They also had a higher percentage of 

overweighed/obese participants (74%), when compared to former non-elite 

(65%) or elite athletes (20%). 

In logistic regression analysis regarding behavioral risk factors and 

adjusted for age and occupation (Table 3), results from odds ratios (OR) and 

95% confidence interval (95% CI) revealed that both men and women former 

elite (OR 0.14, 95 % CI, 0.06-0.61 for men, and OR 0.10, 95 % CI, 0.04-0.22 for 

women) and non-elite athletes (OR 0.06, 95 % CI, 0.02-0.13 for men, and OR 

0.16, 95 % CI, 0.07-0.37 for women) were substantially less likely to smoke 

than those who haven’t been athletes in the past. They also presented between 

60% and 91% lower likelihood to not consume five servings of fruit/vegetables 

per day. Regarding insufficient physical activity engagement, only women 

former non-elite athletes showed no significant differences when compared to 

non-athletes. Men former elite (OR 0.30, 95 % CI, 0.15-0.60), non-elite (OR 

0.39, 95 % CI, 0.19-0.80) and women former elite athletes (OR 0.16, 95 % CI, 

0.07-0.33), presented significant differences. We found no significant 

differences regarding OR for hazardous drinker risk factor.  

The results of logistic regression related to biological risk factors and 

adjusted for age, occupation and family history of each one the risk factor in the 

analysis (Table 4) revealed that the dyslipidemia association was less likely in 

both groups of former athletes and sexes than non-athletes. The most favorable 

probability belonged to former elite athletes of both sexes (< 0.001). We found 

that the hypertension was less likely among women former elite and non-elite 

athletes, as well as men former elite athletes, when compared to the reference 

group (non-athletes). In respect of hyperglycemia, regardless of sex, former 

elite athletes (OR 0.23, 95 % CI, 0.11-0.49 among men, and OR 0.15, 95 % CI, 

0.07-0.35 among women) had an inferior probability (p < 0.001) for this risk 
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factor. Likewise, men former non-elite athletes also presented lower 

hyperglycemia likelihood. Finally, regarding overweight/obesity, we only found 

significant results among women former elite athletes, which were associated 

with a 91% lower likelihood than women non-athletes. 

Discussion 

This study shows that, generally, being a former athlete, especially at an 

elite level, is associated with a decreased likelihood for the incidence of major 

chronic diseases risk factors identified in the World Health Report (WHO, 2002) 

from the World Health Organization (behavioral: tobacco use, harmful alcohol 

consumption, low fruit and vegetable consumption, and physical inactivity; 

biological: overweight and obesity, raised blood pressure, raised blood glucose, 

abnormal blood lipids and its subset raised total cholesterol). 

Many factors act through other intermediate factors (Murray & Lopez, 

1999) or in combination with. For  example, education or occupation may  affect  

smoking, physical  activity, and  diet, which  are  risk  factors  for  cardiovascular  

diseases, both directly  and  through  further  layers  of such  in-between factors  

as  BMI, blood  pressure, and  cholesterol  (Lopez, Mathers, Ezzati, Jamison, & 

Murray, 2006). In this sense, there is also an assumption that the sports-

oriented way of life adopted by athletes may help them to maintain their health-

related lifestyle habits when aging (Backmand, Kujala, Sarna, & Kaprio, 2010). 

Data from several studies show a trend for former athletes to continue an active 

and healthier lifestyle throughout their adulthood (Fogelholm et al., 1994; Friery, 

2008; Gajewski & Poznanska, 2008; Kettunen, Kujala, Kaprio, & Sarna, 2006; 

Kujala, Sarna, Kaprio, Tikkanen, & Koskenvuo, 2000), and is now reinforced 

with our results. Nevertheless, it seems important to highlight other data 

obtained in this study. 

In the analysis related to smoking behavior, our results reveal significant 

differences between non-athletes and former athletes, with a clear advantage to 

these last. Such differences were already outlined in a Finish cohort study 

which concluded that men former elite athletes tend to smoke less (Backmand 

et al., 2010). Furthermore, we also found a significant difference between 
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percentages of subjects who, although not currently smoke, have smoked in the 

past. Naturally, this is beneficial when compared to actual smokers. However, a 

previous study investigating behavioral practices and mortality among former 

college athletes (Wyshak, 2003) found that, not only currently smokers but also 

past smoking habits were the main behavioral practices associated with 

mortality. Additionally, Kujala and colleagues (1994) found a former athlete’s 

lower risk for diabetes when compared with referents, however, although 

reduced, this risk was a little higher in ex-smokers. This matter or concern 

leaves the question whether this significantly increased number of ex-smokers 

among Portuguese former elite athletes is due to an increased smoking habit by 

the time of their careers, or if the achievement of the top level provides an 

incentive for stopping.   

It has been shown that men former elite athletes are also more physically 

active than age-matched control subjects (Sarna, Sahi, Koskenvuo, & Kaprio, 

1993). A preceding study found that, after career cessation, more than 60% of 

former top-level male athletes engaged in leisure-time physical activity or 

competitive sports throughout their adult life (Kujala, Sarna, Kaprio, & 

Koskenvuo, 1996). Given the lack of information on females, to our knowledge 

our results are novel in demonstrating that this behavior is also common to 

women former elite athletes.  

Regarding non-elite athletes, Rainey and colleagues (1995) compared 

former collegiate athletes with non-athletes, and they were also found to have 

higher levels of physical activity. Apart from former elite’s higher amounts, the 

similarity of our results is additionally evidenced among men non-elite athletes, 

as shown by their lower likelihood of insufficient physical activity 

recommendation's engagement. However, as in another previous study (Kujala 

et al., 2000) our findings suggest that former elite athletes participate more 

often than non-elite or non-athletes in vigorous activity in their adult life. 

Likewise, both men and women are generally more prone than former non-elite 

and non-athletes to engage the recommended amounts of physical activity.  

Some studies have linked vigorous activity but not moderate activity with 

significantly lower prevalence of risk factors, such as high BMI, diastolic and 
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systolic blood pressure, and low HDL (Rennie, McCarthy, Yazdgerdi, Marmot, & 

Brunner, 2003). Hence, even though when compared to non-athletes and 

regarding insufficient physical activity engagement both former elite and non-

elite athletes presented significantly lower ORs, the elite’s higher adhesion to 

vigorous activities may be linked to a future lower prevalence of chronic 

diseases among them. 

According to the United States Department of Agriculture and 

Department of Health and Human Services (2010), consumption of vegetables 

and fruits is associated with reduced risk of many chronic diseases and is 

important for weight management. Our results show that, regarding daily 

serving’s consumption, there is a big difference between those who were 

athletes in the past and those who did not. The percentages of participants 

considered to eat insufficient everyday amounts of fruit/vegetables are 

consistent with those differences. Yet, generally, more than 50% of the subjects 

do not consume the recommended 5 servings/day. This means that even with 

higher intakes, it may not be a valid predictor for possible differences in the 

biological risk factors between former athletes and non-athletes. 

A previous investigation found no differences in the alcohol intake 

between former athletes and non-athletes (Pihl et al., 2003). Our findings also 

show no significant differences in the OR for hazardous drinkers between main 

groups and across sexes. However, concerning the pattern of drinking, former 

non-elite athletes had a lower percentage of participants claiming to drink 

outside meals, which can give them some extra protection. These patterns of  

drinking - known as binge drinking  (heavy drinking occasions and the 

proportion of  drinking that occurs outside of  meals) - has been largely bound to 

two categories of disease outcomes: acute effects of alcohol such as accidental 

and intentional injuries, and cardiovascular (Rehm et al., 2003). 

It’s known that unhealthy diet, physical inactivity and genetics can 

increase cholesterol levels (WHO, 2011). In a 15-year follow-up of 36 former 

athletes and 23 controls, Marti and colleagues (1991) found evidence that, in 

both the presence and absence of an athletic predisposition, behavioral factors 

tended to influence the atherogenic risk of serum lipid profile. As shown, former 
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athletes tend to adopt healthy behaviors, and therefore, this is also reflected in 

the lipid profile or the prevalence of dyslipidemia.  

The percentage of hypertensive participants was substantially lower in 

women former elite and non-elite athletes when compared to non-athletes. 

Although it is known that more women than men have hypertension, women 

benefit significantly when they receive therapy to normalize blood pressure 

(Hayes & Taler, 1998). It is also known that exercise remains a cornerstone 

therapy for the primary prevention, treatment, and control of hypertension. This 

leads us to suggest a possible greater influence of a more active lifestyle in 

hypertension among women, independently of the intensity, known to not 

produce so reliable benefits among women (Haapanen, Miilunpalo, Vuori, Oja & 

Pasanen, 1997). This can probably be related to the reported lower 

hypertension likelihood of women former-athletes, which, as is shown, are more 

active than non-athletes. 

 As in another previous study (Kettunen et al., 2006), we also noticed 

lower hypertension likelihood among men former elite athletes. Evidence 

mentions former elite athletes as tending to maintain their cardiorespiratory 

fitness advantage, a physiologic attribute related to the efficiency of the 

sustained physical activity (Caspersen, Powell, & Christenson, 1985) over non-

athletes well into the middle age (Paffenbarger, Hyde, Wing, & Steinmetz, 

1984). Epidemiologic studies have shown that physical activity (Chobanian et 

al., 2003) and cardiorespiratory fitness (Whelton, Chin, Xin, & He, 2002) are 

inversely related to blood pressure and the prevalence of hypertension, which 

can explain this lower likelihood among former elite athletes. 

Neglected diet and low physical inactivity levels increase resistance to 

insulin, which, in turn, raises blood glucose (Friery, 2008). Genetics play an 

important role in whether individuals with similar diets and physical activity 

levels have raised blood glucose and face higher risks of cardiovascular 

diseases. In our analysis, excluding women former non-elite athletes, former 

athletes presented a significantly lower percentage of hyperglycemic subjects 

than non-athletes, which might be explained by their healthier behavior habits. 

However, and besides a probable genetic advantage of former elite athletes, 
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the small differences between the lifestyle habits of former non-elite and non-

athletes may help to understand why only the elite ones have shown a 

considerably minor likeliness of hyperglycemia development. Moreover, in 

another survey that was part of a follow-up study (Wyshak, 2002), 3940 college 

alumnae, half of which were former athletes, were asked about medical history. 

Results showed that physical activity and BMI correlated to a decreased risk of 

non-insulin-dependent diabetes, with former  athletes,  current  exercisers,  and  

those  having  an  optimal  BMI  having a reduced risk. Whereas both in 

physical activity engagement and BMI, women former non-elite athletes are the 

ones with results more similar to the reference group (non-athletes), this can 

naturally be associated with the insignificant differences between them.  

Regarding BMI, our results are disturbing. Despite women former elite 

athletes, men former elite athletes, and men and women former non-elite and 

non-athletes, presented BMI’s mean values above 25, the cut-off for 

overweight. Among former athletes, studies particularly related to BMI are 

scarce. However, as in our study, some other presented BMI’s values above 25 

(Unt et al., 2008). According to Saarni et al. (2006), repeated cycles of weight 

loss and regain seem to increase subsequent weight gain and may predispose 

to overweight/obesity, contributing to a possible explanation for the absence of 

differences between the groups concerning the probability of having a BMI 

above 25.  

Regarding sex differences, it is known that from the onset of puberty to 

menopause, women maintain a greater percentage body fat mass than men 

despite smaller energy intake per kg lean mass (Kant & Graubard, 2006) and 

preferential use of fat as a fuel during exercise compared to men (Tarnopolsky, 

2008). Through our results it is possible to notice that women former elite 

athletes were the ones presenting healthier values when analyzing behavioral 

risk factors. This healthy behavior can give a special contribution, and can play 

an even more important role in their association with their lower likelihood for 

overweight/obesity. 

Methodological issues in this study need to be addressed. All information 

on actual physical activity, height, weight, waist circumference, and other 
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health-related behaviors was self-reported. In spite of the problems with 

measuring them on a questionnaire, our response rate provides useful 

information on middle and old age former athletes and referents, and the biases 

are unlikely to differ between athletes of different status.  

In summary, through our outcomes it’s possible to assume that, besides 

hazard alcohol consumption, both men and women former elite and non-elite 

athletes have a lower likelihood to engage in unhealthy risk factors related to 

behavior. Despite the general advantage of both former elite and non-elite 

athletes over non-athletes, the elite ones present a lower likelihood of being 

affected by biological risk factors. Beyond the aforementioned hazard alcohol 

consumption, body mass index was also found to be the risk factor were 

differences between former and non-athletes are scarcer. Further investigations 

regarding this lack of differences are needed.  

Albeit the general results are similar to both sexes, women appear to 

have slightly more marked differences, with clear advantage for the elite ones. 

These former athletes’ health habits and the directly or indirectly 

subsequent biological factors are likely to explain some of the minor chronic 

diseases prevalence presented among other studies. 

Further, world (Case & Paxson, 2005) and in particular Portugal (World 

Health Organization, 2012) reports, confirm sex differences in morbidity 

observed globally, with women exhibiting higher chronic illness related 

morbidity. Therefore, beyond the already known benefits of physical activity 

engagement, we consider our findings as an improvement and a stimulus for 

the sports engagement at young age. Mostly due to the apparent association 

with a healthier lifestyle and, consequently, a lower prevalence of risk factors 

associated with major chronic diseases, this can be even more important for 

women. 
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Table 1 - Behavioral characteristics of the participants. 

    
Former Elite 

Athletes 
Former Non-
Elite Athletes 

Non-Athletes p 

Age (mean ± SD) Total 48.3 ± 12.5  50.6 ± 16.3  51.5 ± 18.1  0.145 

 
Men 49.8 ±12.5 49.3 ± 15.5 51.9 ± 18.3 0.583 

Women 46.6 ± 12.4 52.4 ± 17.4 51.1 ± 18.0 0.103 

Tobacco 
    

  

Never smokers (%) 
Men 52 70 14 <0.001 

Women 62 62 20 <0.001 

Ex-smokers (%) 
Men 12 11 6 0.515 

Women 10 1 2 0.025 

Smokers (%) 
Men 36 19 80 <0.001 

Women 28 36 78 <0.001 

Daily smokers (%) 
Men 88 100 95 0.190 

Women 50 92 100 <0.001 

Cigarettes per day  (mean ± SD) 
Men 11.9 ± 6.4 17.8 ± 3.3 15.3 ± 6.8 <0.001 

Women 8.0 ± 4.8 12.9 ± 4.8 12.8 ± 5.4 <0.001 

Fruits and Vegetables 
    

  

Servings of fruit consumed daily (mean ± SD) 
Men 2.6 ± 1.3 2.1 ± 1.0 1.5 ± 0.9 <0.001 

Women 2.9 ± 1.3 1.7 ± 1.1 1.9 ± 1.2 <0.001 

Servings of vegetables consumed daily (mean ± SD) 
Men 1.3 ± 1.1 1.7 ± 0.8 0.9 ± 1.1 <0.001 

Women 1.9 ± 1.5 1.8 ± 1.3 1.1 ± 0.9 0.002 

Insufficient fruit and vegetables consumption (%) 
Men 66 62 94 <0.001 

Women 46 78 88 <0.001 

Alcohol 
    

  

Abstainers (%) 
Men 7 12 14 0.263 

Women 20 22 25 0.830 

Have consumed alcohol in the last 30 days (%) 
Men 100 91 100 0.001 

Women 89 96 100 0.035 

During past 30 days, had 5 or more standard 
alcoholic drinks in a single drinking occasion (%) 

Men 61 60 80 0.041 

During past 30 days, had 4 or more standard 
alcoholic drinks in a single drinking occasion (%) 

Women 52 44 59 0.229 

Rarely or never with meals (%) 
Men 10 3 16 0.019 

Women 25 4 8 <0.001 

Hazardous drinking (%) 
Men 60 57 63 0.733 

Women 44 48 55 0.436 

Physical Activity 
    

  

Engage in leisure time moderate-intensity sports, 
fitness or recreational (%) 

Men 63 76 43 <0.001 

Women 73 54 18 <0.001 

Physical activity of moderate intensity (min/week) 
Men 196.2 ± 135.4 149.7 ± 111.9 173.6 ± 104.2 0.070 

Women 191.5 ± 125.6 180.6 ± 97.4 128.7 ± 61.4 0.050 

Engage in leisure time vigorous-intensity sports, 
fitness or recreational (%) 

Men 72 48 18 <0.001 

Women 60 49 43 0.115 

Physical activity of vigorous intensity (min/week) 
Men 105.0 ± 90.7 73.6 ± 83.5 15.2 ± 34.4 <0.001 

Women 94.9 ± 89.6 59.6 ± 84.2 36.9 ± 51.8 <0.001 

 Walk or use a bicycle for at least 10 minutes 
continuously to get to and from places (%) 

Men 43 62 27 <0.001 

Women 42 64 29 <0.001 

Total insufficient physical activity engagement (%) 
Men 28 33 55 0.003 

Women 19 42 61 <0.001 

Data was obtained through Anova or Chi-Square/Pearson Chi-Square Asymp. (2-sided). 
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Table 2 - Biological characteristics of the participants.  

  
Former Elite 

Athletes 
Former Non-Elite 

Athletes 
Non-Athletes p 

Total Cholesterol (mg/dL) 
Men 178.2 ± 51.4 189.3 ± 47.4 226.6 ± 73.9 <0.001 

Women 163.0 ± 46.4 213.7 ± 35.1 209.8 ± 66.9 <0.001* 

LDL Cholesterol (mg/dL) 
Men 110.0 ± 48.0 112.6 ± 30.4 122.9 ± 53.7 0.475 

Women 89.6 ± 43.7 111.9 ± 22.4 115.0 ± 43.6 <0.001* 

HDL Cholesterol (mg/dL) 
Men 53.5 ± 10.7 57.4 ± 9.9 54.1 ± 15.1 0.089 

Women 59.7 ± 7.2 57.8 ± 13.3 53.5 ± 9.7 0.001* 

Triglycerides (mg/dL) 
Men 117.5 ± 39.4 146.6 ± 51.3 188.5 ± 101.6 <0.001* 

Women 100.1 ± 42.7 143.8 ± 55.8 176.8 ± 96.7 <0.001* 

Dyslipidemia (%) 
Men 53 62 88 <0.001 

Women 20 75 88 <0.001 

Systolic blood pressure 
(mmHg) 

Men 119.0 ± 20.7 117.2 ± 18.7 122.9 ± 21.0 0.268* 

Women 108.5 ± 20.4 105.2 ± 15.1 116.7 ± 22.2 0.014* 

Diastolic blood pressure 
(mmHg) 

Men 77.1 ± 13.2 77.3 ± 12.9 79.8 ± 13.3 0.450* 

Women 74.4 ± 12.8 70.2 ± 11.1 73.9 ± 12.0 0.076 

Hypertension (%) 
Men 51 46 71 0.010 

Women 25 22 61 <0.001 

Fasting Glucose (mg/dL) 
Men 91.7 ± 17.2 94.4 ± 19.8 105.3 ± 23.6 <0.001* 

Women 87.1 ± 10.9 89.8 ± 15.5 96.1 ± 27.9 0.804* 

Hyperglycemia (%) 
Men 37 48 67 0.002 

Women 10 28 43 <0.001 

BMI 
Men 26.4 ± 3.1 26.5 ± 3.7 26.5 ± 3.6 0.963 

Women 22.7 ± 1.9 25.9 ± 3.4 27.7 ± 4.8 <0.001* 

Overweight/Obesity (%) 
Men 73 64 69 0.313 

Women 20 65 74 <0.001 

Data was obtained through Anova, Chi-Square/Pearson Chi-Square Asymp. (2-sided) or Kruskal–Wallis test (*). 

 

 

 

  



 

84 
 

 

Table 3—OR for the development of behavioral risk factors. 

 
Smoking 

Insufficient fruit and vegetables 
consumption 

Hazardous drinking Insufficient physical activity engagement 

 
Men Women Men Women Men Women Men Women 

Former Elite Athletes 0.14 (0.06-0.61)*** 0.10 (0.04-0.22)*** 0.13 (0.04-0.43)** 0.09 (0.03-0.24)*** 0.89 (0.43-1.82) 0.62 (0.31-1.23) 0.30 (0.15-0.60)** 0.16 (0.07-0.33)*** 

Former Non-Elite Athletes 0.06 (0.02-0.13)*** 0.16 (0.07-0.37)*** 0.11 (0.03-0.37)*** 0.40 (0.14-1.19)* 0.81 (0.39-1.70) 0.75 (0.36-1.57) 0.39 (0.19-0.80)* 0.68 (0.32-1.44) 

Non-Athletes 1 1 1 1 1 1 1 1 

Data are OR (95% CI) adjusted for age and occupation. 
* p < 0.05; ** p < 0.01; *** < 0.001  

 

Table 4—OR for the development of biological risk factors according to level and intensity of previous participation in sports. 

 
Dyslipidemia Hypertension Hyperglycemia Overweight/Obesity 

 
Men Women Men Women Men Women Men Women 

Former Elite Athletes 0.14 (0.06-0.37)*** 0.03 (0.01-0.09)*** 0.38 (0.18-081)* 0.21 (0.10-0.44)*** 0.23 (0.11-0.48)*** 0.15 (0.07-0.36)*** 1.17 (0.56-2.46) 0.09 (0.04-0.20)*** 

Former Non-Elite Athletes 0.22 (0.09-0.58)** 0.12 (0.09-0.31)** 0.57 (0.27-1.21) 0.17 (0.07-0.39)*** 0.41 (0.19-0.86)* 0.49 (0.22-1.11) 0.74 (0.35-1.55) 0.62 (0.27-1.44) 

Non-Athletes 1 1 1 1 1 1 1 1 

Data are OR (95% CI) adjusted for age, occupation and family history (blood relatives of first degree) of each one of the risk factors. 
* p < 0.05; ** p < 0.01; *** < 0.001  
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Abstract 

 

Aim. We investigated the association between men and women former 

athletes (elite and non-elite) prevalent cases of chronic diseases 

(cardiovascular, cancer, diabetes and respiratory), and their post-career 

physical activity engagement. 

Methods. 341 men and 286 women in a total of 627 subjects (290 former 

elite athletes; 201 former non-elite athletes; and 136 non-athletes) participated 

in this study. We assessed demographic information, behavioral and physical 

measurements, as well as self and first degree blood related history of the 

selected chronic diseases. 

Results. Men and women former elite athletes seem to be more prone to 

meet the recommended amounts of physical activity than former non-elite or 

non-athletes. Among men but not women, former elite (OR 0.06, 95 % CI, 0.02-

0.20) and non-elite (OR 0.07, 95 % CI, 0.0-0.26) athletes, as well as non-

athletes meeting physical activity recommendations (OR 0.07, 95 % CI, 0.03-

0.64), revealed a significantly lower likelihood for total chronic diseases 

prevalence, when compared to the non-athletes not meeting these 

recommendations.  

Conclusions. We consider it likely that, among men but not women, the 

participation as young adults in competitive sports and the later concomitant 

most likely engagement in the recommended amounts of physical activity, is 

associated with a lower likelihood for CVD, diabetes and cancer. Prevalence of 

chronic respiratory diseases did not reveal any association. 

 

Keywords: exercise, non-communicable disease, chronic condition, master 

athlete, illness 
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Introduction 

 

The beneficial effects of a regular physical activity on health are largely 

admitted, being recognized as one of the most important modifiable factors that 

determine risk of chronic morbidity and mortality. World1, and in particular, 

Portuguese2 reports, confirm sex differences in morbidity observed globally, 

with women exhibiting higher chronic illness related morbidity. Lack of regular 

physical activity has been linked to a broad spectrum of chronic conditions such 

as cardiovascular disease (CVD), chronic obstructive pulmonary disease 

(COPD), cancer, or type II diabetes mellitus.3  

Former elite athletes represent a special group of individuals who have 

exercised several years with heavy training loads.4 Research suggests that they 

tend to be more physically active in their post-career period, and to have a 

reduced morbidity.5, 6 However, there is a gap of studies aiming to analyze if this 

later higher physical activity engagement tendency is common to former 

athletes from other levels than elite; if varies according to the gender; and to 

which extent is related to chronic morbidity. Therefore, those are the aims of 

this cross-sectional study. 

 

Materials and methods 

 

We identified former elite athletes who represented Portugal in selected 

sports at least once in the Olympic Games, World or European championships 

or other international competitions; former non-elite athletes who competed in 

selected sports at least for three consecutive years in their adult life, but at no 

time represented Portugal; and control subjects randomly selected in the 

Portuguese population, matched for age, and who were never athletes. All 

subjects had to be at least 30 years old. Former athletes competed during 

1969-2005 and, at the time of the study, have ended the career for at least 

three years. Sports federations provided and confirmed athlete’s sports history. 

In order to make known the study, describe the aims and invite former 

athletes and controls to come to one of the laboratories which we provide for 
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the collection of biochemical measures, we conducted a first interview by 

telephone (1378 subjects). After consent to participate (868 subjects), we 

mailed a questionnaire (preceded by a pilot study that attested the reliability) 

based on the World Health Organization STEPs approach.7 This questionnaire 

included data on demographic information (age, sex and occupation), 

behavioral measurements (tobacco use, alcohol consumption, diet, and 

physical activity history), and physical measurements (height and weight).  

The response rate was 78% for former elite, 71% for non-elite, and 64% 

for non-athletes. Therefore, the study population comprised 341 men and 286 

women, in a total of 627 subjects (290 former elite athletes; 201 former non-elite 

athletes; and 136 non-athletes).  

 

Procedures and Categorization 

Assessment of chronic diseases was based upon the question “Have you 

ever been told by a doctor that you had any of the following diseases?”. 

Regarding family history, we have also applied the following question: “Have 

any of your blood relatives of the first degree (fathers, or siblings) been told by a 

doctor that they had any of the following diseases?”. 

The above question was carried out for each one of the chronic diseases 

under analysis, and subtypes were listed. CVD comprised atherosclerosis, 

rheumatic heart disease, pulmonary embolism, peripheral artery disease, stroke 

or deep-vein thrombosis, acute myocardial infarction, or any other unspecified. 

All kinds of cancer were considered and listed. Type II diabetes mellitus was 

enclosed, but not type I or gestational. Asthma and COPD (chronic bronchitis or 

emphysema) were the respiratory diseases encompassed.  

Among former athletes, a self-positive answer for any of the selected 

diseases was followed by another question regarding whether the diagnosis 

had been made before, during or after the end of the sports career. Among non-

athletes, a self-positive answer for any of the selected diseases was followed by 

another question regarding whether the diagnosis had been made before or 

after 25 years old, the average age of sports career termination.8, 9 To those 
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with a self-positive answer for any of the selected diseases, we also questioned 

if, due to medical indication, they were limited to perform physical activity. 

We grouped the athletes classifying the sports they have participated 

according to the Compendium of Physical Activities,10 based on the intensity of 

exercise performed between each sport, with their respective metabolic 

equivalent of task (MET) intensity levels. As a possible confounding factor, 

sports were categorized according to the model proposed by Pate et al.11 as 

moderate (3-6 METs; volleyball, gymnastics, archery, field events – throwing 

and jumping), and vigorous (> 6 METs; judo, canoeing/rowing, sprint running, 

middle and long-distance running, triathlon, decathlon, swimming, basketball, 

handball and soccer). 

Following the same model, we computed the post-career (adulthood for 

non-athletes) physical activity engagement as moderate and vigorous. This was 

based on structured questions regarding participation in three dimensions: 

recreational, traveling to and from places (walk or bicycle) and at work.10 These 

questions contemplated items such as the activity performed in each dimension, 

the average number of days per week, as well as its average duration time. 

According to the adults recommendations from the American College of Sports 

Medicine and the American Heart Association12 subjects were considered not 

meet recommendations if after the career termination they engage in less than 

30 min·d¯¹ on 5 d·wk¯¹ of moderate-intensity aerobic, or less than 20 min·d¯¹ 

on 3 d·wk¯¹ of vigorous-intensity aerobic activity. If engagement had been at 

least 30 min·d¯¹ on 5 d·wk¯¹ of moderate-intensity aerobic, or 20 min·d¯¹ on 3 

d·wk¯¹ of vigorous-intensity aerobic activity, we considered participants as 

meeting physical activity recommendations. 

We adopt the WHO guidelines regarding frequency and pattern of 

drinking13 and categorized subjects as hazardous drinkers (if in one single 

occasion of the past 30 days they had drunk 5 for men or 4 for women standard 

alcoholic drinks; alternatively, if, generally, their alcohol consumption rarely or 

never is within meals), moderate drinkers (if they have not drunk 5 for men or 4 

for women standard alcoholic drinks in one single occasion of the past 30 days; 
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and if consumption is typically at mealtimes), and abstainers (if they never 

consumed an alcoholic drink).  

The subject’s smoking status was based on a detailed smoking history, 

and they were classified under 3 categories: never, ex, or current smokers. 

By separately multiplying the weekly frequency of consumption by the 

number of servings consumed per day and dividing it by seven, we have 

estimated the daily average consumption of fruits and vegetables. We 

considered the subjects to be amid the insufficient fruit and vegetables 

consumption category if they reported less than five daily servings of both.14  

Socio-economic/occupational groups had the following categories: 

government employee, nongovernment employee, self-employed, retired, 

unemployed-able to work, and unemployed-unable to work. For employed 

subjects, we assessed data regarding physical activity at work. 

Within the questions related to the standard alcohol drink, fruit and 

vegetables servings, and the post-career physical activity engagement, 

examples and the measurement protocol were provided (one serving, one 

standard drink; vigorous and moderate physical activity). 

We asked participants to self-measure height and weight, in order to 

provide current values. We requested the height measurement to be conducted 

by a second person, and instructed the subjects to stand barefoot (also for 

weight measurement), leaning against a wall and looking forward. We 

calculated body mass index (BMI in kg/m²) based on self-reported height (m) 

and weight (kg), and considered overweight/obese within the body mass index 

between 25 and 29.9, and ≥ 30, respectively. 

 

Statistical analysis 

To assess demographic and behavioral differences, we used the 

independent samples t-test and the Chi-square. Differences in the 

characteristics of the physical activity engagement and history of chronic 

diseases were examined using cross-tabulations with the Chi-square and 

Kruskal-Wallis tests. Chi-square was also used to analyze differences in the 

prevalent cases of the selected chronic diseases. In order to determine the 
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association of previous level of participation, as well as the later physical activity 

engagement, with the likelihood of presence of chronic disease, we use the 

logistic regression. So try to eliminate the effect of possible confounding factors, 

we adjusted the analysis for age, level of previous sport participation (vigorous 

and moderate), socio-economic/occupational categories, BMI, smoking (never, 

former, or current smokers), alcohol (lifetime abstainer, 12-month abstainer, 

moderate and hazardous drinkers), fruit/vegetables (insufficient/sufficient 

consumption), and separately for the family history of each of the selected 

chronic diseases in the analysis. 

All the covariates were forced into the model. Significance was 

considered to be p < 0.05. All statistical analysis was performed with PASW 

Statistics 18 for Windows. 

 

Results 

 

Table 1 shows that at the time of the study there were no significant age 

differences between the participants of main groups (former elite, non-elite and 

non-athletes). Men former non-elite athletes had the lowest percentage of 

smokers (17%), hazardous drinkers (46%), obese (13%) and subjects 

consuming less than five servings of fruit/vegetables per week (64%). This 

analysis revealed the less healthy behaviors within non-athletes. Among 

women, the less healthy behaviors were also those from non-athletes, however, 

former elite athletes were the ones with a lower percentage of smokers (30%), 

hazardous drinkers (38%), obese (1%) and subjects consuming less than five 

servings of fruit/vegetables per week (48%). 

Regarding physical activity engagement (Table 2), men and women 

former elite athletes seem to be more prone to meet recommended amounts of 

physical activity, and also had a higher percentage of participants claiming 

regularly engagement in vigorous physical activity (74% of men and 61% of 

women) than former non-elite or non-athletes (18% of men and 41% of women). 

As regards the amount of time spent exercising vigorously, both men and 

women former elite athletes also had the higher mean (111.5 ± 91.2 among 
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men and 93.8 ± 86.8 among women). Women former non-elite athletes (35.1 ± 

50.2) spent even less time in vigorous physical activity than non-athletes (54.4 ± 

78.4). Concerning the percentage of participants engaging in moderate intensity 

physical activity, differences between former elite and non-elite athletes are 

minor, remaining non-athletes to be the less active (38% of men and 21% of 

women). Analyzing the total time (min/week), former elite athletes of both 

genders remained as the ones with higher amount (114.7 ± 140.0 among men 

and 132.5 ± 131.1 among women). They also spent more time walking or 

cycling as a way to move to and from places (73.5 ± 116.8 among men and 

68.7 ± 102.7 among women), even though former non-elite athletes had a 

higher number of participants adopting these mobility resources (55% of men 

and 62% of women).  

Concerning the prevalent cases of chronic diseases (Table 3), men 

former elite (44%) and non-elite athletes (39%) had a considerable lower 

percentage than non-athletes (74%). In the individual analysis of the prevalent 

cases for each disease, we found that among women, beyond diabetes 

(p<0.001; 2% among former elite, 6% among non-elite, and 19% among non-

athletes), there were no other significant differences. On the other hand, among 

men, diabetes, CVD and cancer (all p<0.001) revealed a significantly lower 

prevalence percentage in both former elite and non-elite athletes, and higher in 

non-athletes. 

Table 4 shows that the odds ratios (OR) and 95% confidence interval 

(95% CI) analysis performed among men former elite (OR 0.06, 95 % CI, 0.02-

0.20), non-elite (OR 0.02, 95 % CI, 0.06-0.26), and non-athletes (OR 0.07, 95 % 

CI, 0.03-0.64) meeting the physical activity recommendations, revealed a 

significantly lower likelihood for total chronic diseases.  

Men former elite athletes which meet the physical activity 

recommendations were less likely for CVD (OR 0.02, 95 % CI, 0.00-0.13), 

diabetes (OR 0.07, 95 % CI, 0.01-0.54), and cancer (OR 0.04, 95 % CI, 0.01-

0.17). Similarly, men former non-elite athletes were also less likely for these 

diseases. Men non-athletes who also engage in the recommended amounts of 

physical activity presented lower likelihood for both CVD (OR 0.04, 95 % CI, 
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0.10-0.45) and diabetes (OR 0.08, 95 % CI, 0.04-0.92). In addition to these, 

men former elite athletes who do not meet the physical activity 

recommendations, also seem to be more protected against CVD and cancer 

than non-athletes who also do not engage in the recommended amounts. 

Likewise, regarding cancer, men former non-elite athletes (OR 0.09, 95 % CI, 

0.02-0.46) also reveal a lower likelihood than the referents.  

 

Discussion 

 

First results from our study suggest that athletes adopt healthier 

behaviors, and are more physically active in their post-competition period than 

non-athletes. In collusion with the majority of epidemiological studies15, our also 

suggests that former athletes, especially elite ones, could be less exposed than 

the general population to the major chronic diseases. However, this seems to 

be more valid for men than for women.  

Most of the former athletes based studies were performed within former 

elite athletes, which do not allow realizing the potential effect differences 

between those who achieved this level of competition and trained more and 

more intensely, and those who competed and trained at lower levels. Through 

our study is possible to notice that, albeit with minor differences than former 

elite, non-elite athletes also present a lower likelihood for chronic diseases than 

non-athletes.  

It’s clear that lifestyle plays an important role in the preventable risk 

factors that underlie most chronic diseases.16 Beyond physical activity, the 2002 

World Health Report17 identifies tobacco use, harmful alcohol consumption, and 

low fruit/vegetables consumption as the major chronic disease’s risk factors. As 

other studies,18, 19 our results suggest that former athletes seem more prone to 

eat fruit and vegetables, and less prone to use tobacco or to adopt a hazardous 

alcohol consumption. These healthier behaviors are also very likely to 

contribute to prevent chronic diseases.  

Current literature emphasizes the physical activity association with 

numerous health benefits, such as lower incidence of CVD20 and type II 
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diabetes mellitus.21 This interaction occurs in part through components like 

weight control, blood lipids, blood pressure, or glucose tolerance.22, 23 Some 

research aiming to examine risk factors for chronic diseases in former athletes 

versus age-matched controls, found that sedentary former athletes had 

significantly higher risk than active former athletes and sedentary non-athletes.6, 

24 For example, Kujala25 compared the prevalence of  diabetes between former 

Finnish elite athletes and controls, and found that it was less frequent among 

physically active subjects regardless of previous competitive involvement. 

Actually, there appears to be a consensus among researchers that unless 

activity is continued, benefits of prior participation in athletics are not 

maintained.26 Our study was designed to examine differences between those 

who meet the recommended amounts of physical activity and those who do not. 

Hence, we cannot make the same comparison because in spite of possessing 

subjects who do not meet these recommendations, this does not mean they are 

sedentary. However, it is interesting to realize that, beyond the clear association 

between individuals who follow the recommendations on physical activity and 

the lower likelihood for chronic diseases, we also found a lower CVD or cancer 

risk among former elite athletes who do not meet this recommended amounts. 

However, another previous research findings indicate that both current physical 

activity and cardiorespiratory fitness are significantly inversely associated with 

an elevated homocysteine level (a possible risk marker for CVD) in middle-aged 

former athletes. In fact, past intensive training induces adaptation in circulatory, 

muscular and respiratory systems, which may reduce the probability of various 

coronary diseases.27 For instance, former athlete’s regular intensive exercise 

increases muscle function that will be maintained until old age,6 or  the aerobic 

power (known to influence the CVD risk factors28) that is above the average of a 

comparable group of non-athletes.29 This is also very likely to help explain their 

lower the likelihood of CVD, regardless of their later physical activity habits. 

Studies aiming to describe chronic diseases among women former 

athletes are very scarce. In one of the few existing studies, Pihl et al.30 found 

that the differences in CVD risk between currently active former athletes and 

controls, had lower expression among women than men. On our findings, 
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despite women former athletes are more physically active than controls, the 

effect of these differences was not consistent as regards the association with 

chronic diseases. Research tends to show that women are more likely than men 

to experience morbidity and disability, but paradoxically have lower rates of 

mortality. Since gender is a measure of both biological/genetic and social 

differences, it is likely that health inequalities between men and women reflect 

both sex-related biological and social factors.31 Further, differences in health 

status between men and women have been attributed to gender-specific health 

and longevity-related behaviors. A previous study investigating the relation 

between self-perceived health status and chronic diseases showed that social 

and psychosocial determinants have a stronger impact on women’s health while 

behavioral determinants play a major role on men’s health.32 By focusing our 

research on the physical activity effects, we limit the interference that other 

behavioral factors as well as psychosocial issues may have on the women’s 

manifestation of chronic diseases. However, with respect to the dependent 

variable in the analysis, chronic diseases, it is certainly important to retain the 

seemingly minor influence of physical activity in women. 

The scientific community speculates about how the physical activity 

appears to be inversely related to cancers of the breast, colon, endometrium, 

advanced prostate cancer, and possibly, pancreatic cancer.33 However, the 

evidence is convincing for colon34 and breast35 cancer only. Research has 

confirmed that, despite the level reached during the time as athletes, former 

athletes have a lower lifetime occurrence of some cancers, like breast cancer, 

cancers of the reproductive system36 or lung cancer37. On the other hand, 

strenuous exercise has also been associated with an increased risk for other 

types of cancers.38, 39 Our results are not conclusive, since the physical activity 

engagement does not seem to be a valid predictor to explain the different 

cancer prevalence among groups. This may reflect the complexity and variation 

in both chronic disease and physical activity, which can indicate that the 

relationships are likely to be disease and activity-specific. A characteristic of 

physical activities, such as intensity, may affect one chronic disease but not 

others.40 The type of analysis could also help to understand. For example, the 
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physical activity effect in women is mostly on breast cancer.33 As such, the 

relevance may have been diluted in the overall analysis. Indeed, the fact of 

taking the cases of cancer as a whole, preclude a more detailed analysis in both 

sexes. However, it is likely that, among men and for cancer in general, more 

than the physical activity levels, the differences between the former athletes 

healthier lifestyle, contribute significantly to the detected discrepancies. 

As in a Finish cohort study,41  outcomes from our study suggest that the 

respiratory diseases are not increased in former elite or non-elite athletes, and 

exercise alone  does not appear to increase his prevalence. It is known that 

moderate to high levels of regular physical activity are associated with reduced 

lung function decline and COPD risk, even in smokers (the major risk factor for 

the disease).42 However, sports activities are often associated with symptoms 

that may be suggestive of asthma. These include breathlessness, wheeze, 

cough, chest tightness, and phlegm in relation to exercise.43 Because of the 

high minute ventilation during competitions, the effects of these exposures may 

be more marked in athletes than in non-athletes, which may justify that, 

respiratory were the unique of the analyzed chronic diseases where there were 

no significant differences between former athletes and non-athletes regarding 

the risk of prevalence. Exercise-induced respiratory diseases may affect 

persons at any level of exercise, from children to Olympic athletes,44 which also 

may explain the similarity of values between former elite and non-elite athletes.  

There may have been methodological bias at the model of our study as 

subjects who have been diagnosed with chronic diseases may also became 

limited to engage in physical activities, thus reducing the possibility of an 

association. However, only 4% of the total study subjects reported having been 

advised by a physician to limit their physical activities, which should not bias the 

results. 

 

Conclusions 

 

In summary, although the effect of the lifetime physical activity on chronic 

diseases it’s difficult to be shown directly, we consider it likely that, among men, 
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the participation as young adults in competitive sports and the later concomitant 

most likely engagement in the recommended amounts of physical activity, gives 

an important contribution to prevent the risk of CVD and diabetes and cancer. 

However, probably because athletes can undergo an increase in airways 

resistance induced by long periods of exercise, being a former athlete does not 

appear to give an advantage for the prevention of respiratory diseases. With 

regard to women, the physical activity effect does not seem to be so linear, 

revealing a possible stronger influence of other factors. 
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Table 1 – Demographic and behavioral characteristics of the participants according to the level of previous sports participation. 

  

Former Elite 
Athletes 
(N=290) 

Former Non-Elite 
Athletes 
(N=201) 

Non-Athletes 
(N=136) 

p 

N 
Men 150 123 68  

Women 140 78 68  

Age (range) 
Men 30-91 30-90 30-90  

Women 30-79 30-90 30-90  

Age (mean ± SD) 
Men 49.0 ± 13.0 46.7 ± 15.2 52.1 ± 18.6 0.063 

Women 46.3 ± 12.4 50.8 ± 17.0 49.5 ± 16.1 0.074 

Smokers (%) 
Men 40 17 74 <0.001 

Women 30 37 77 <0.001 

Hazardous Drinkers (%) 
Men 57 46 63 0.038 

Women 38 45 63 0.003 

< 5 weekly servings of fruit/vegetables (%) 
Men 71 64 94 <0.001 

Women 48 78 85 <0.001 

BMI ≥ 30.00 (%) 
Men 13 13 21 0.262 

Women 1 15 21 <0.001 

  

 

 

Table 2 – Post-career (after 25 years old for non-athletes) physical activity engagement. 

  
Former Elite Athletes 

Former Non-Elite 
Athletes 

Non-Athletes p 

Meet the recommended amounts of 
physical activity (%) 

Men 74 63 40 <0.001 

Women 80 50 35 <0.001 

Engage in physical activity of vigorous 
intensity (%) 

Men 74 47 18 <0.001 

Women 61 47 41 0.012 

Amount of physical activity of 
vigorous intensity (min/week) 

Men 111.5 ± 91.2 73.5 ± 83.0 16.3 ± 37.7 <0.001* 

Women 93.8 ± 86.8 35.1 ± 50.2 54.4 ± 78.4 <0.001* 

Physical activity of moderate intensity 
(%) 

Men 58 70 38 <0.001 

Women 73 55 21 <0.001 

Amount of physical activity of 
moderate intensity (min/week) 

Men 114.7 ± 140.0 103.3 ± 111.8 60.2 ± 98.3 0.001* 

Women 132.5 ± 131.1 83.5 ± 135.2 30.2 ± 72.2 <0.001* 

Bicycle/Walk to and from places (%) 
Men 42 55 27 0.001* 

Women 45 62 28 <0.001* 

Total Bicycle/Walking (min/week) 
Men 73.5 ± 116.8 69.2 ± 125.0 28.2 ± 62.3 0.003 

Women 68.7 ± 102.7 61.7 ± 77.7 39.1 ± 79.6 0.006 

Data are means ± SD or percentages 
*Kruskal-Wallis test 
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Table 3 – Post-career (after 25 years old for non-athletes) prevalent cases of chronic diseases. 

  
Former Elite Athletes 

Former Non-Elite 
Athletes 

Non-Athletes p 

With Chronic Diseases (%) 
Men 44 39 74 <0.001 

Women 27 37 37 0.214 

Cardiovascular Disease (%) 
Men 21 13 54 <0.001 

Women 10 14 29 0.001 

Cancer (%) 
Men 14 18 41 <0.001 

Women 7 14 19 0.034 

Respiratory Disease (%) 
Men 18 14 29 0.029 

Women 13 15 16 0.776 

Diabetes (%) 
Men 7 8 25 <0.001 

Women 2 6 19 <0.001 

 

  



 

104 
 

Table 4—OR for the post-career (after 25 years old for non-athletes) development of chronic disease according to the physical activity engagement. 

 
TOTAL CD CVD DIABETES CANCER RD 

Men 

Former elite athletes meeting recommendations 0.06 (0.02-0.20)*** 0.02 (0.00-0.13)*** 0.07 (0.01-0.54)** 0.04 (0.01-0.17)*** 0.53 (0.13-2.13) 

Former elite athletes NOT meeting recommendations 0.31 (0.08-1.22) 0.30 (0.10-0.85)* 0.25 (0.03-1.95) 0.05 (0.01-0.23)*** 0.80 (0.19-3.36) 

Former non-elite athletes meeting recommendations 0.02 (0.06-0.26)*** 0.01 (0.00-0.04)*** 0.08 (0.02-0.85)* 0.04 (0.01-0.19)*** 0.55 (0.12-2.56) 

Former non-elite athletes NOT meeting recommendations 0.36 (0.11-1.22) 0.78 (0.19-3.29) 0.18 (0.02-1.81) 0.09 (0.02-0.46)** 0.21 (0.04-1.22) 

Non-athletes meeting recommendations 0.07 (0.03-0.64)* 0.04 (0.10-0.45)* 0.08 (0.04-0.92)* 0.50 (0.15-1.64) 1.53 (0.47-4.93) 

Non-athletes NOT meeting recommendations 1 1 1 1 1 

Women 

 
     

Former elite athletes meeting recommendations 0.60 (0.15-2.50) 1.39 (0.20-9.43) 0.58 (0.09-8.46) 0.30 0.04-2.03) 0.78 (0.12-5.09) 

Former elite athletes NOT meeting recommendations 0.93 (0.20-4.45) 0.22 (0.02-3.02) 2.32 (0.14-37.33) 0.15 (0.01-2.14) 2.19 (0.30-15.88) 

Former non-elite athletes meeting recommendations 0.61 (0.15-2.54) 1.07 (0.16-7.11) 0.66 (0.05-8.92) 0.21 (0.03-1.75) 0.97 (0.15-6.26) 

Former non-elite athletes NOT meeting recommendations 0.96 (0.23-4.07) 0.30(0.03-2.67) 1.16 (0.08-16.51) 1.02 (0.16-6.59) 0.66 80.10-4.61) 

Non-athletes meeting recommendations 0.83 (0.23-2.96) 1.18 (0.30-4.67) 0.73 (0.16-3.39) 0.39 (0.08-1.91) 0.22 (0.03-1.38) 

Non-athletes NOT meeting recommendations 1 1 1 1 1 

Data are OR (95% CI).  
CVD= Cardiovascular disease; RD= Respiratory disease (Asthma/COPD) 
Adjusted for age, level of previous sport participation (vigorous and moderate), socio-economic/occupational categories, BMI, smoking (never, former, or 
current smokers), alcohol (abstainer, moderate and hazardous drinkers), fruit/vegetables (insufficient/sufficient consumption), and separately for the 
family history of each of the selected chronic diseases in the analysis (in conjunction for the TOTAL CD variable). 
* p < 0.05; ** p < 0.01; *** < 0.001  
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Abstract 

 

Background and purpose: Scientific literature offers no epidemiological 

data regarding prevalence and protective factors for the metabolic syndrome 

(MetSyd) among former athletes. The aim of this cross-sectional study was to 

investigate whether former athletes are better protected against MetSyd and if 

this hypothetical protection is dependent of sex, career or later lifestyle. 

Methods: We assessed demographic, behavioral, physical and 

biochemical characteristics in a population of 491 subjects of both sexes. 

Results: After adjustment for potential confounding factors, we found no 

significant differences in the likelihood of MetSyd among former elite, non-elite 

and non-athletes. Likewise, sex and previous sport intensity did not reveal a 

significant association with the syndrome. However, both former elite (OR 0.20, 

p = 0.020) and non-elite athletes (OR 0.50, p = 0.044) who after career 

termination engaged in the recommended amounts of physical activity, showed 

a reduced likelihood for the MetSyd. 

Conclusions: Former athletes tend to adopt healthier lifestyles, which 

may give them an advantage regarding the risk factors that delineate the 

syndrome. Furthermore, physical activity engagement at recommended levels 

seems to play an important role in the association with MetSyd, even in subjects 

who have never been athletes. 
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Introduction 

 

Metabolic syndrome (MetSyd) is a cluster of metabolic risk factors that 

directly promote the development of cardiovascular disease (CVD) [1] and also 

increase the risk for developing type II diabetes mellitus [2]. 

Physical Activity Guidelines for Americans [3] emphasizes the physical 

activity association with numerous health benefits, such as lower incidence of 

CVD [4] and type II diabetes mellitus [5]. This interaction occurs in part through 

components of the MetSyd [6] like weight control and improved functioning of 

the cardiovascular system [7]. Likewise, long-term exercise favorably modifies 

several CVD risk factors, including blood lipids, obesity, blood pressure, and 

glucose tolerance [8]. Evidence also emphasizes vigorous exercise as more 

strongly associated with lower cardio-vascular mortality than the less intense 

[9]. 

Former elite athletes represent a distinct group of individuals who have 

exercised several years with heavy training loads [10] and regularly participate 

in competitions different from the general population during their sports careers 

[11]. Epidemiological studies suggest that they have a lower prevalence of 

CVD, diabetes, hypertension [12, 13], which can be explained because they 

tend to be more physically active and adopt healthier lifestyles [14, 15]. 

However, other studies suggest that, regardless of competitive level reached or 

actual levels of physical activity engagement, former athletes tend to keep their 

fitness advantage over non-athletes well into the middle age [16, 17], which is 

inversely related to the prevalence of the syndrome [18]. Although strong 

evidence suggests that exercise favorably affect individual components of the 

MetSyd [19], these discrepancies raise the question of how the past and current 

engagements are associated with it. Furthermore, whether these former elite 

athlete’s apparent advantages derive from the level achieved or coincide with 

others of lower-level, is not known. 
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Methods  

 

We identified former elite athletes who represented Portugal in selected 

sports at least once in the Olympic Games, World or European championships 

or other international competitions; former non-elite athletes who competed in 

selected sports at least for three consecutive years in their adult life, but at no 

time represented Portugal; and control subjects randomly selected in the 

Portuguese population, matched for age, and who were never athletes. All 

subjects had to be at least 30 years old. Former athletes competed during 

1969-2005, and that at the time of the study, have ended the career for at least 

three years. Sports federations provided and confirmed athlete’s sports history. 

In order to make known the study, describe the aims and invite former 

athletes and controls to come to one of the laboratories which we provide for 

the collection of biochemical measures, we conducted a first interview by 

telephone (1378 subjects). After consent to participate (868 subjects), we 

mailed a questionnaire (preceded by a pilot study that attested the reliability) 

based on the World Health Organization STEPs approach [20]. This 

questionnaire, as well as the study protocol were approved by the local ethics 

committee, and included data on demographic information (age, sex and 

occupation), behavioral and biological characteristics (tobacco use, alcohol 

consumption, diet, history of after the career physical activity and history of 

raised blood pressure, cholesterol, triglycerides, glucose and chronic diseases), 

physical (height, weight, waist and blood pressure) and biochemical 

measurements (blood glucose, triglycerides, total cholesterol, HDL cholesterol 

and LDL cholesterol), as well as information regarding lifetime diagnosis of CVD 

(atherosclerosis, rheumatic heart disease, pulmonary embolism, peripheral 

artery disease, stroke or deep-vein thrombosis, acute myocardial infarction, or 

any other unspecified) or diabetes (we also questioned about these diagnoses 

among blood relatives of the first degree).  

The response rate (with physical and biochemical data) was 78% for 

former elite, 71% for non-elite, and 64% for non-athletes, reducing the study 

population for 627 subjects. We have excluded pregnant women’s (5), 
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individuals who currently have CVD, diabetes types I and II, cancer, or the ones 

who did not mention the treatments that are currently undergoing (131). Thus, 

the successful study population consisted of 267 men and 224 women, in a total 

of 491 subjects (225 former elite athletes, 168 former non-elite athletes, and 98 

non-athletes).  

 

Procedures and categorization 

We grouped the athletes classifying the sports they have participated 

according to the Compendium of Physical Activities [21], based on the intensity 

of exercise performed between each sport, with their respective metabolic 

equivalent of task (MET) intensity levels. Sports were categorized according to 

the model proposed by Pate et al. [22] as moderate (3-6 METs; volleyball, 

gymnastics, archery, field events – throwing and jumping) and vigorous (> 6 

METs; judo, canoeing/rowing, sprint running, middle and long-distance running, 

triathlon, decathlon, swimming, basketball, handball and soccer). 

We computed after career (adulthood for non-athletes) physical activity 

engagement of moderate and vigorous intensity based on structured questions 

regarding participation in three dimensions: recreational, traveling to and from 

places (walk or bicycle) and at work. These questions contemplated items such 

as the activity performed in each dimension, the average number of days per 

week, as well as its average duration time. According to the adults 

recommendations from the American College of Sports Medicine and the 

American Heart Asociation [23], subjects were considered to have lower 

physical activity than recommended (Lower PAR) if after career termination they 

engage in less than 30 min·d¯¹ on 5 d·wk¯¹ of moderate-intensity aerobic, or 

less than 20 min·d¯¹ on 3 d·wk¯¹ of vigorous-intensity aerobic activity. If 

engagement had been at least 30 min·d¯¹ on 5 d·wk¯¹ of moderate-intensity 

aerobic, or 20 min·d¯¹ on 3 d·wk¯¹ of vigorous-intensity aerobic activity, we 

considered participants as meeting physical activity recommendations (Meet 

PAR). 

We adopt the WHO guidelines regarding frequency and pattern of 

drinking [24] and categorized subjects as hazardous drinkers (if in one single 
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occasion of the past 30 days they had drunk 5 for men or 4 for women standard 

alcoholic drinks; alternatively, if  they usually consume alcoholic rarely or never 

with meals), moderate drinkers (if they have not drunk 5 for men or 4 for women 

standard alcoholic drinks in one single occasion of the past 30 days; and if 

consumption is typically at mealtimes), and abstainers (if they never consumed 

an alcoholic drink).  

By separately multiplying the weekly frequency of consumption by the 

number of servings consumed per day and dividing it by seven, we have 

estimated the daily average consumption of fruits and vegetables. We 

considered subjects amid the insufficient fruit and vegetables consumption 

category if they reported less than five daily servings of both. 

The subject’s smoking status was based on a detailed smoking history, 

and we classified them into three categories: never, ex, or current smokers.  

Socio-economic/occupational groups had the following categories: 

government employee, nongovernment employee, self-employed, retired, 

unemployed-able to work, and unemployed-unable to work. For employed 

subjects we assessed data regarding physical activity at work. 

For questions related to standard alcohol drink, fruit and vegetables 

servings, and after the career physical activity engagement, we provided 

examples and the measurement protocol (one serving, one standard drink; 

vigorous and moderate physical activity). 

We asked participants to self-measure height and weight, in order to 

provide current values.  

We requested the height measurement to be conducted by a second 

person, and instructed the subjects to stand barefoot (also for weight 

measurement), leaning against a wall and looking forward. We calculated body 

mass index (BMI in kg/m²) based on self-reported height (m) and weight (kg), 

and considered overweight/obese within the body mass index between 25 and 

29.9, and ≥ 30, respectively. 

For the abdominal circumference, we requested the measurement to be 

carried out without clothes; that is, directly over the skin, halfway between the 

lowest rib and the top of the hipbone. Sample images were available. 



 

117 
 

Biochemical data and blood pressure measurements were collected at 

the laboratory with participants fasted for at least 12 hours and recorded in the 

questionnaire form. Measurements obtained on fasting in the last 12 months, 

and carried out in specialized laboratories, have also been accepted. 

In the history of physical activity, data on sports and level of competition 

were obtained. For these variables, we used the cutoff values of MetSyd 

definition to create the categories (with or without each one of the risk factors). 

 

Metabolic Syndrome definition 

We defined MetSyd according to the joint interim statement of the 

International Diabetes Federation and the American Heart Association/National 

Heart, Lung, and Blood Institute [2]  as ≥ 3 of any of the following: abdominal 

obesity (waist circumference >102 cms in men or >88 cms in women); 

hyperglycemia (fasting glucose ≥100 mg/dL or current use of insulin or oral 

hypoglycemia medication); hypertriglyceridemia ≥150 mg/dL; low HDL 

cholesterol <40 mg/dL in men or <50 mg/dL in women; elevated blood pressure 

(systolic blood pressure/diastolic blood pressure ≥ 130/85 mmHg) or regular 

use of antihypertensive medication. We   adopted the European Cardiovascular 

Societies cut point for European population to define abdominal obesity [25].  

 

Statistical analysis  

Main characteristics of the study subjects were analyzed with ANOVA 

and Chi-square test. To test differences in clinical and biochemical 

characteristics among former elite, non-elite, and non-athletes, we used 

Analysis of variance (ANCOVA) while adjusting for age and sex (except waist 

and HDL cholesterol, which were only adjusted for age). Through logistic 

regression, we estimated the association of the previous level of participation 

(as well as their subdivisions in terms of intensity and after the career, physical 

activity engagement) with MetSyd. This analysis was performed for each of the 

variables categorized into two blocks. The first containing age and sex (Model 

1) as possible confounding factors; the second (Model 2) containing age, sex, 

BMI, sports intensity level (vigorous or moderate), after the career physical 
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activity engagement (Meet Par/Lower than PAR), smoking (never, former, or 

current smokers), alcohol (lifetime abstainer, 12-month  abstainer, moderate 

and hazardous drinkers), fruit/vegetables (insufficient/sufficient consumption), 

socio-economic/occupational categories, and family history of CVD or diabetes.  

Significance was considered to be p < 0.05. All statistical analysis was 

performed with PASW Statistics 18 for Windows. 

 

Results 

 

Table 1 show that there were no significant differences between main 

groups (former elite, non-elite and non-athletes) regarding age and sex 

distribution. We also did not find significant differences regarding distribution of 

former athletes of different intensity sports, as well as between elite and non-

elite groups. We found particularly significant differences (p <0.001) regarding 

the tobacco habits with a higher percentage of smokers among non-athletes 

(79%) Likewise, former elite (57%) and non-elite athletes (67%) had a higher 

percentage of never smokers than non-athletes (17%). 76% of the former elite 

athletes engage in the recommended amounts of physical activity per week. In 

reverse, 58% of non-athletes do not weekly reach this recommended amount. 

Regarding the number of vegetables and fruit servings eaten per week (p < 

0.001), former elite athletes (46%) had more subjects following the 

recommendations of 5 or more.  

Regarding age and sex adjusted values of risk factors that define MetSyd 

(Table 2), except waist circumference in men (p = 0.603) and diastolic blood 

pressure in women (p = 0.179) all the other values were significantly different 

between groups of athletes. Former elite athletes were lighter (24.7 ± 0.2) and 

had lower values of both triglycerides (109.9 ± 4.0) and fasting glucose (89.5 ± 

1.2). Former non-elite athlete had lower means for systolic (111.7 ± 1.5) and 

diastolic blood pressure (74.1 ± 1.0). As regards age adjusted values of HDL 

cholesterol (Table 2), men former non-elite (57.5 ± 1.1) and women former elite 

athletes (60.3 ± 0.9) showed the best results. Still in table 2, it is possible to see 

that women former elite athletes had the lowest waist value (85.7 ± 0.5, p < 
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0.001). Non-athletes had the higher percentage of overweight/obese (71%), 

hypertriglyceridemia (63%), hypertension (66%), and hyperglycemia (55%). 

Concerning waist and HDL cholesterol, women (80% > 80 cms of waist, and 

29% < 50 mg/dL of HDL) and men non-athletes (12% < 40 mg/dL of HDL) also 

presented the higher percentages of subjects above the cut of values. 

The unadjusted analysis of the prevalent cases of MetSyd between main 

groups (p < 0.001) showed that former elite athletes were the ones with fewer 

subjects within the syndrome (13%), followed by former non-elite athletes (37%) 

and non-athletes (55%). 

Between former elite and non-elite athletes, only waist circumference in 

women (85.7 ± 0.5 / 90.6 ± 0.6; p < 0.001), blood HDL cholesterol in men (53.5 

± 1.1 / 57.5 ± 1.1; p = 0.032) and blood triglyceride’s values in both men (117.6 

± 5.5 / 146.9 ± 6.0; p = 0.001) and women (101.2 ± 5.8 / 142.6 ± 7.3; p <0.001) 

were significantly different and with better outcomes in former elite athletes 

(Table 3). Former elite men athletes of high-intensity sports presented 

significantly smaller waist circumference by former non-elite (37%, 62 cases) 

and non-athletes (55%, 54 cases).  

Tables 3 and 4 presents the odds ratios (OR) and 95% confidence 

interval (95% CI) as results of logistic regression analysis whereby adjustments 

were made in two different models. Model 1 (Table 3) represents adjustments 

for age and sex. Using this model, both former elite (OR 0.12, 95% CI, 0.07-

0.29, p < 0.001) and non-elite athletes (OR 0.45, 95% CI, 0.27-0.76, p = 0.003) 

were associated with a lower prevalence of MetSyd. Taking as reference non-

athletes that do not meet the recommended physical activity all the other 

analyzed categories presented significant OR, by introducing physical activity 

levels after career termination as the dependent variable. Between former 

athletes from different sports intensities, we found that at both moderate and 

vigorous intensity sports, former elite and non-elite athletes were associated 

with a lower likelihood of MetSyd. 

When compared with the model 1,   logistic regression adjusted for other 

possible confounding factors than age and sex (Model 2, Table 4) significantly 

changed the results. This cross-sectional analysis model fitted well to MetSyd 
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(goodness of fit p < 0.001), and the explanatory power (Nagelkerke R²) was 

greater than 50% in all four dependent variables.  

Using this model, we found no significant differences in the likelihood of 

MetSyd among main groups. Similarly, among former athletes from different 

sports intensities, none of the significant OR of the model 1 remained. However, 

regarding physical activity engagement after career termination, both former 

elite (OR 0.20, 95% CI, 0.05-0.78, p = 0.020) and non-elite (OR 0.50, 95% CI, 

0.27-0.99, p = 0.044) athletes engaging in the recommended amounts 

maintained the lower likelihood of MetSyd than non-athletes who do not meet 

these recommendations. 

 

Discussion 

 

This study reveals that the former athletes, especially the elite ones, 

differ from the non-athletes in their lifestyles. Further the majority of former 

athletes seem to have a lower prevalence of MetSyd compared to the 

aforementioned referents. After adjustment for several possible confounding 

factors, only the former-athletes who maintained their physical activity at 

recommended levels remained less likely to the MetSyd. 

MetSyd is a multifaceted syndrome characterized by the presence of any 

3 of 5 defined abnormalities: elevated waist circumference, blood triglycerides, 

blood pressure or fasting glucose, and reduced blood HDL cholesterol [2]. 

Findings of the present study suggest an association between previous 

participation in sports, especially at an elite level, and a lower prevalence in 

most of these risk factors. It is clear that lifestyle plays a vital role in the 

preventable risk factors that underlie most chronic diseases and also in the 

MetSyd, in particular [26]. Behaviors such as smoking, hazardous alcohol and 

fruit and vegetables consumption or low physical activity are the main 

behavioral risk factors identified in the World Health Report [27] as determinants 

for most of the chronic diseases. Other studies comparing former elite [28] and 

non-elite [29] with non-athletes corroborates our results show them as having 

healthier habits. Obviously, this can clearly contribute to a lower prevalence of 
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risk factors that underlie the MetSyd and, therefore, to a lower likelihood among 

them.  

Being active certainly is an essential component of public health. To 

promote and maintain health, the American College of Sports Medicine and the 

American Heart Association recommends that all healthy adults engage in 

moderate-intensity aerobic physical activity for a minimum of 30 min·d¯¹ on 5 

d·wk¯¹ or vigorous-intensity aerobic activity for a minimum of 20 min·d¯¹ on 3 

d·wk¯¹ [23]. Other investigations have revealed an association between general 

physical activity and substantial reductions in the risk [30], and control [31] of 

the CVD and diabetes, two of the direct consequences of MetSyd. Furthermore, 

physical activity also prevents [19] and reduces [32] overweight and obesity, 

known as triggers of both diseases.  As others [33], findings from the present 

study suggest that, when compared to non-athletes, former athletes tend more 

to maintain their physical activity engagement at higher levels. Despite the 

inclusion of other health-related habits (smoking, alcohol, and fruit/vegetable 

consumption) and inherited factors have eliminated the differences in the 

likelihood of MetSyd between former athletes (elite or non-elite) and non-

athletes, physical activity engagement revealed to be a differentiating aspect. 

In the analysis of former elite athletes, the benefit of selection is under 

debate [34]. Despite later physiologic advantages of former athletes over non-

athletes [8], preceding differences also could contribute to these results. 

Athletes, especially elite ones, are a selected group regarding physical fitness. 

Moreover, total physical activity (measured as habitual energy expenditure) and 

fitness (measured as maximal oxygen consumption per kilogram) have 

independent effects on the components of MetSyd [35]. As mentioned, 

evidence mentions former elite athletes as tending to maintain their fitness 

advantage over non-athletes well into the middle age [16, 17]. However, the 

evidence of our results suggests greater physical activity engagement in later 

life as the biggest advantage that seems to excel from natural selection to 

sports associated with former elite athletes. In fact, we suggest that participation 

in recommended amounts of physical activity in later life may predict low 

occurrence of CVD or diabetes, most direct consequences of MetSyd, 
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irrespective of selection to sports at a young age. In addition, even at a top 

level, the physiological benefits from previous sports career alone does not 

seem to be associated with reduced risk factors. As in other previous findings 

[36], we suggest that the CVD risk factors of former athletes after retirement 

from active sports are more related to the present-day lifestyle. 

Exercise studies have also demonstrated the benefit of vigorous physical 

activity. This additional benefit of high-intensity activities seems to be mediated 

through an increased cardiorespiratory fitness, which favorably affects MetSyd 

[37]. Furthermore, it is suggested that the vigorous activity but not moderate 

activity is associated with significantly lower prevalence of two or more of the 

following risk factors: high BMI, diastolic and systolic blood pressure, and low 

HDL cholesterol. Among former athletes, the ones who have engaged in most 

vigorous sports are characterized as being less hypertensive or with a not as 

such atherogenic lipid profile (including lower total cholesterol and LDL 

cholesterol and higher HDL cholesterol) than their sedentary controls [34]. 

Furthermore, both a previous aptitude for endurance athletic events and 

continuity of vigorous physical activity are suggested to be associated with 

protection against coronary heart disease [38]. Whether these advantages are 

dependent of later lifestyle habits, inherited factors or selection characteristics, it 

is not entirely understood. Indeed, despite all the benefits of vigorous activity, at 

the physiological level little is known about the long-term influence of different 

intensity’s sports participation. Among our results, it is possible to suggest that, 

independently of selection or genetics, unless healthy behaviors are maintained 

(with a special focus on physical activity after retirement) the advantage of 

sports with higher intensity fades.  

Methodological issues in this study need to be addressed. Despite the 

lifetime physical activity is difficult to measure, we only included former athletes 

at a world-class level or former athletes who have competed in selected sports 

at least for three consecutive years in their adult life, which ensures a study 

population that has performed prolonged systematic exercise. Levels of 

physical activity were assessed using individual information about career period 

and confirmed by the respective sports federations. Risk of misclassification 
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should thus be low. All information on height, weight and waist circumference 

was self-reported. In spite of the problems with measuring them on a 

questionnaire, our response rate makes biases unlikely. 

Considering that in response to exercise, age has little or no influence on 

the changes in many of the risk factors that underlie the MetSyd (blood 

pressure, triglycerides and HDL cholesterol), and also that there appears to be 

more favorable changes in unhealthy subjects when compared with healthy 

ones, we strongly suggest physical activity as an asset in preventing and 

dealing with this syndrome. 

In summary, former athletes tend to adopt healthier lifestyles, which may 

give them an advantage in relation to risk factors that delineate MetSyd. 

Effectively, unless former athletes keep this healthy lifestyle thereafter, they do 

not seem to carry over any metabolic advantage inherent to this syndrome in 

later life. Furthermore, physical activity engagement at recommended levels 

seems to have a clear association with MetSyd, even in subjects who have 

never been athletes. This leads us to suggest that a healthy lifestyle, particularly 

following the physical activity recommendations, could reduce the risk of the 

MetSyd.   
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Table 1 – Subjects main demographic and lifestyle characteristics according to level of previous participation in sports. 

 
Former Elite Athletes 

(N=225) 
Former Non-Elite Athletes 

(N=168) 
Non-Athletes 

(N=98) 
p 

Age (mean ± SD, Range) 48.3 ± 12.5 (30-91) 50.6 ± 16.3 (30-90) 51.5 ± 18.1 (30-90)  0.145 

Men 49.8 ±12.5 49.3 ± 15.5 51.9 ± 18.3 0.583 

Women 46.6 ± 12.4 52.4 ± 17.4 ᵇ 51.1 ± 18.0 0.103 

Sex (%) 
    

Men 52 59 50 
0.246 

Women 48 41 50 

Tobacco (%) 
    

Never smokers 57 67 17 

< 0.001 Former smokers 11 7 4 

Current smokers 32 26 79 

Alcohol (%) 
    

Abstainers 14 16 19 

0.041 Moderate drinkers 25 26 11 

Hazardous drinkers 61 58 69 

Physical Activity (%) 
    

Meet recommendations 76 59 42 
< 0.001 

Lower than recommended 24 41 58 

Fruit/Vegetables (%) 
    

≥ 5 per day 46 33 13 
< 0.001 

< 5 per day 54 67 87 

Sports Intensity (%) 
    

Low 22 21 
 

0.067 Moderate 40 41 
 

High 48 38 
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Table 2—Anthropometric/Biological characteristics and prevalent cases of MetSyd  

  
Former Elite Athletes Former Non-Elite Athletes Non Athletes p 

BMI (mean ± SE) **   24.7 ± 0.2 26.1 ± 0.3 27.1 ± 0.3 < 0.001 

Overweight/Obesity (%) 
 

48 64 71 < 0.001 

Waist (cm) * 
(Men) 97.6 ± 0.9 98.3 ± 0.9 96.7 ± 1.3 0.603 

(Women) 85.7 ± 0.5 90.6 ± 0.6 93.0 ± 0.8 < 0.001 

> 102 cm (%) (Men) 36 43 35 0.456 

> 88 cm (%) (Women) 28 67 80 < 0.001 

Triglycerides (mg/dL) **   109.9 ± 4.0 144.5 ± 4.6 182.3 ± 6.0 < 0.001 

≥150 mg/dL, or on medication (%)  
17 57 63 < 0.001 

HDL Cholesterol (mg/dL) * 
(Men) 53.5 ± 1.1 57.5 ± 1.1 54.0 ± 1.7 0.030 

(Women) 60.3 ± 0.9 57.2 ± 1.2 53.1 ± 1.4 < 0.001 

<40 mg/dL, or on medication (%) (Men) 11 5 12 0.007 

<50 mg/dL, or on medication (%) (Women) 6 23 29 < 0.001 

Systolic blood pressure (mmHg) **   114.3 ± 1.3 111.7 ± 1.5 119.9 ± 2.0 0.005 

Diastolic blood pressure (mmHg) **   75.9 ± 0.8 74.1 ± 1.0 76.9 ± 1.3 0.179 

≥ 130/85 mmHg, or on medication (%) 
 

38 36 66 < 0.001 

Fasting Glucose (mg/dL) **   89.5 ± 1.2 92.3 ± 1.4 101.0 ± 1.9 < 0.001 

≥ 100 mg/dL, or on medication (%)  
24 39 55 < 0.001 

With MetSyd (%)   13 37 55 < 0.001 

* Adjusted for age; **Adjusted for age and sex 
Data are means ± standard error or percentages 
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 Table 3 – Logistic regression analysis for MetSyd (Model 1). 

  Former Elite Athletes Former Non-Elite Athletes Non Athletes 

OR (95% CI) * 0.12 (0.07-0.29) 0.45 (0.27-0.76) 1.0 

p value < 0.001 0.003 - 

According to the sex  Men Women Men Women Men Women 

OR (95% CI) ** 0.29 (0.14-0.59) 0.03 (0.01-0.10) 0.48 (0.24-0.97) 0.69 (0.33-1.45) 1.39 (0.63-3.09) 1.0 

p value < 0.001 < 0.001 0.041 0.331 0.419 - 

According to the later 
physical activity  

Meet PAR Lower PAR Meet PAR Lower PAR Meet PAR Lower PAR 

OR (95% CI) ** 0.04 (0.02-0.09) 0.20 (0.09-0.45) 0.22 (0.11-0.45) 0.36 (0.17-0.75) 0.30 (0.13-0.70) 1.0 

p value < 0.001 < 0.001 < 0.001 0.006 0.005 - 

According to the previous 
sports intensity  

Vigorous Moderate Vigorous Moderate 
  

OR (95% CI) ** 0.10 (0.05-0.20) 0.16 (0.08-0.32) 0.47 (0.27-0.89) 0.42 (0.23-0.77) 1.0 

p value < 0.001 < 0.001 0.020 0.005 - 

* Adjusted for age and sex; ** Adjusted for age. 

 

 

 

Table 4 – Logistic regression analysis for MetSyd (Model 2). 

  Former Elite Athletes Former Non-Elite Athletes Non Athletes 

OR (95% CI) * 0.56 (0.16-1.97) 1.84 (0.56-6.12) 1.0 

p value 0.366 0.319 - 

According to the sex Men Women Men Women Men Women 

OR (95% CI) ** 1.06 (0.27-4.21) 0.35 (0.06-1.98) 1.87 (0.49-7.13) 2.71 (1.12-4.80) 1.78 (0.63-4.98) 1.0 

p value 0.929 0.233 0.359 0.434 0.274 - 

According to the later 
physical activity  

Meet PAR Lower PAR Meet PAR Lower PAR Meet PAR Lower PAR 

OR (95% CI) ** 0.20 (0.05-0.78) 0.81 (0.18-3.70) 0.50 (0.27-0.99) 1.70 (0.40-7.21) 0.46 (0.16-1.27) 1.0 

p value 0.020 0.790 0.044 0.474 0.132 - 

According to the previous 
sports intensity  

Vigorous Moderate Vigorous Moderate 
  

OR (95% CI) ** 0.46 (0.11-1.95) 0.59 (0.23-1.51) 0.09 (0.01-1.05) 0.45 (0.10-2.00) 1.0 

p value 0.290 0.270 0.054 0.294 - 

* Adjusted for age, sex, BMI, sports intensity level (vigorous or moderate), after career physical activity engagement (Meet Par/Lower than 

PAR), smoking (never, former, or current smoker), alcohol (lifetime abstainer, 12 months abstainer, moderate and hazardous drinkers), 

fruit/vegetables (insufficient/sufficient consumption), socio-economic/occupational categories, and family history of CVD or diabetes; ** 

same adjustments as * except for the dependent variable in the analysis itself (sex, after career physical activity engagement, and sports 

intensity level). 
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Abstract 

 

Purpose Beyond the physical activity’s evidence in reducing the risk of 

colon and breast cancers, it also appears to be inversely related to prostate 

cancer. Furthermore, prolonged strenuous exercise may increase the risk of 

lymphoid and testicular cancers. It has been hypothesized that elite athletes 

should be well suited for investigations on the relationship between physical 

activity and cancer.  

Methods We investigated prevalent cases of breast, colon, prostate, 

lymphoid, and testicular cancers among former elite athletes (N=290), and 

compared them with control subjects (N=337). 

Results Results show that former elite athletes seem to benefit from a 

lower risk of the colon (OR 0.24; p =0.027), prostate (OR 0.22; p =0.020) and 

breast cancers (OR 0.12; p = 0.047). However, controls seem to be at lower risk 

for testicular cancer (OR 0.18; p = 0.033). Lifestyle, especially vigorous physical 

activity engagement, seems to be associated with some of these results. 

Conclusions In summary, these findings suggest that, along with later 

healthy behaviors, a high physical activity engagement at an early age could 

reduce the risk of colon, breast and prostate cancers and might be 

recommended, particularly given the many other documented benefits of 

exercise. 

 

KEYWORDS - exercise, physical activity, athlete, cancer 
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Introduction 

 

As a high quality measurement of physical activity is difficult to determine 

over a long period, the possible effects of physical activity on cancer might be 

diluted. Elite athletes are a group that in a structured way have performed 

exercise during adolescence and adulthood to achieve the high performance 

level required within elite sports. Hence, they should be well suited for 

investigations on the relationship between physical activity and cancer [1]. 

Physical activity appears to be inversely related to cancers of the breast, colon, 

as well as advanced prostate cancer, and possibly, pancreatic cancer [2]. 

However, the evidence is convincing for colon [3] and breast [4] cancer only. 

Furthermore, intense exercise maintained for prolonged periods is related to 

immune suppression and susceptibility to infections [5,6], which has been 

associated with lymphoid cancer [7,8]. Several sport activities [9] and moderate 

[10] as well as vigorous [11,10] exercise has also been associated with an 

increased risk of testicular cancer in men. 

To our knowledge, only a few studies have investigated cancer among 

former athletes [12-14,1,15]. These studies found a lower risk of breast 

[12,13,15], and lung cancer [14,1]. However, these analyzes were performed 

assuming that the former elite athletes often keep a more active post-career 

lifestyle, as well as other healthier behaviors; ruling out the possibility of these 

healthy habits, especially the post-career physical activity engagement, do not 

be linear at all, or vary in intensity, which seems to be linked to specific cancers 

[11,10].  

Our study was designed to analyze the former elite athlete’s prevalent 

cases of the cancer types which have been associated with benefit and 

detriment of physical activity. Thus, beyond other lifestyle factors that could be 

related to the risk of cancer, we have included the post career physical activity 

engagement of moderate and vigorous intensities. The cancer forms of interest 

were thus colon, breast, prostate, lymphoid and testicular. Whether prolonged 

strenuous exercise can raise the risk of malignant diseases was investigated 

focusing on lymphoid and testicular cancer. Given the low survival rates of the 

pancreatic and lung cancer [16], data from a cross-sectional study of prevalent 
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cases like ours would become incoherent. As such, we decided not to include 

them in the analysis. 

 

Materials and methods 

 

We identified former elite athletes who represented Portugal in selected 

sports at least once in the Olympic Games, World or European championships 

or other international competitions; and control subjects matched for age, and 

that at no time represented Portugal, or had not been athletes. All subjects had 

to be at least 30 years old. Former elite athletes competed during 1969-2005, 

and at the time of the study have ended the career for at least three years. 

Sports federations provided and confirmed athlete’s sports history. 

In order to make known the study and describe the aims we conducted a 

first interview by telephone (1378 subjects). After consent to participate (868 

subjects), we mailed a questionnaire (preceded by a pilot study that attested the 

reliability) based on the World Health Organization STEPs approach [17]. This 

questionnaire included data on demographic information (age, sex and 

occupation), behavioral measurements (tobacco use, alcohol consumption, diet, 

and physical activity history), and physical measurements (height and weight).  

The response rate was 78% for former elite, 68% for controls. Therefore, 

the study population comprised 341 men and 286 women, in a total of 627 

subjects (290 former elite athletes; and 337 controls).  

 

Procedures and Categorization 

Assessment of prevalent cases of cancer was based upon the question 

“Have you ever been told by a doctor that you had any of the following 

cancers?”. Regarding family history, we have also applied the following 

question: “Have any of your blood relatives of the first degree (fathers, or 

siblings) been told by a doctor that they had any of the following cancers?”. 

Prostate and testicular cancers questions were only applied to men, and breast 

cancer question to women. The above questions were carried out with a list of 

the cancers under analysis.  

We computed the post-career (adulthood for non-athletes) physical 

activity engagement as moderate and vigorous. This was based on structured 
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questions regarding participation in three dimensions: recreational, traveling to 

and from places (walk or bicycle) and at work [18]. These questions 

contemplated items such as the activity performed in each dimension, the 

average number of days per week, as well as its average duration time. A 

question was included in the questionnaire regarding the possibility that, 

because of cancer or other chronic disease, subjects become limited to engage 

in physical activities, reducing the possibility of an association. However, only 

4% of the entire study subjects reported having been medically advised to limit 

their physical activities, which should not bias the results. Thus, they were 

included in the analysis. 

We adopt the WHO guidelines regarding frequency and pattern of 

drinking [19] and categorized subjects as hazardous drinkers (if in one single 

occasion of the past 30 days they had drunk 5 for men or 4 for women standard 

alcoholic drinks; alternatively, if  they usually drink the reported alcoholic 

beverages, rarely or never with meals), moderate drinkers (if they have not 

drunk 5 for men or 4 for women standard alcoholic drinks in one single occasion 

of the past 30 days; and if consumption is typically at mealtimes), and 

abstainers (if they never consumed an alcoholic drink).  

The subject’s smoking status was based on a detailed smoking history, 

and they were classified under 3 categories: never, ex, or current smokers. 

By separately multiplying the weekly frequency of consumption by the 

number of servings consumed per day and dividing it by seven, we have 

estimated the daily average fruits and vegetables consumption. We considered 

subjects amid the insufficient fruit and vegetables consumption category if they 

reported less than five daily servings of both [20].  

Socio-economic/occupational groups had the following categories: 

government employee, nongovernment employee, self-employed, retired, 

unemployed-able to work, and unemployed-unable to work. For employed 

subjects, we assessed information regarding physical activity at work. 

Within the questions related to the standard alcohol drink, fruit and 

vegetables servings, and the post-career physical activity engagement, 

examples and the measurement protocol were provided (one serving, one 

standard drink; vigorous and moderate physical activity). 
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We asked participants to self-measure height and weight, in order to 

provide current values. We requested the height measurement to be conducted 

by a second person, and instructed the subjects to stand barefoot (also for 

weight measurement), leaning against a wall and looking forward. We 

calculated body mass index (BMI in kg/m²) based on self-reported height (m) 

and weight (kg) and considered overweight/obese within the body mass index 

between 25 and 29.9, and ≥ 30, respectively. 

 

Statistical analysis 

The independent samples t-test was used to assess differences in the 

continuous variables (age, number of daily cigarettes, servings of fruit and 

vegetables eaten per day, and BMI). Differences in the categorized behavioral 

variables were examined using cross-tabulations with the Chi-square. T-test 

and Chi-square were also used to analyze differences in the physical activity 

variables. Logistic regression was used to determine the association between 

each of the selected cancers and both groups. This analysis was carried out 

with four different blocks. 

The first block was adjusted for age,  sex, socioeconomic/occupational 

status, and for the presence of cancer in first degree blood related family 

members (model 1). Together with the potential confounding factors of the first 

block, the second (model 2) was also adjusted for categories of tobacco (never, 

ex, and current smoker); alcohol (abstainer, moderate, and hazardous drinker); 

fruit/vegetables (more or less than 5 daily servings) consumptions; and BMI 

(normal, overweight, and obese). The third block included all the factors 

introduced into the model 2 and the total of minutes that each group spends 

weekly in moderate physical activity. Finally, the last block (model 4) was 

adjusted for all the factors of the previous blocks plus the number of minutes 

per week that the subjects in each group spend in vigorous-intensity physical 

activity. In all models and for prostate and testicular cancers analysis, we have 

adjusted the models only for men. The same approach was adopted for breast 

cancer and women.  

Significance was considered to be p < 0.05. All statistical analysis was 

performed with PASW Statistics 18 for Windows. 
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Results 

 

At the time the study was conducted there were no significant differences 

between the age of former elite athletes and control subjects (Table 1). 

Regarding smoking habits former elite athletes had the lowest percentage of 

smokers (35%, p = 0.012), daily smokers (75%, p <0.001) and cigarettes per 

day (12.3, p <0.001). However, control subjects had a smaller number of former 

smokers (5%, p = 0.039). The control group showed a significantly lower 

number of servings of fruit (1.8, p <0.001) and vegetables (1.4, p = 0.025) 

ingested daily. As for alcohol, the only significant differences were found in the 

pattern of consumption, with 22% of former elite athletes claiming their alcohol 

consumption to rarely or even never be at meals. Also in Table 1, we found a 

significantly greater percentage of obese control subjects (17%, p <0.001). 

Table 2 shows physical activity’s details of each group. The former elite 

athletes are clearly more active, with a greater average number of minutes per 

week spent walking or cycling (71.2, p = 0.031), and in leisure-time physical 

activity of moderate (123.3, p <0.001) and vigorous intensity (102.9 p <0.001). 

Furthermore, the former elite athletes also engage in more minutes per week of 

moderate-intensity physical activity at work (229.0, p = 0.002). 

Table 3 shows the number of unadjusted prevalent cases of each of the 

selected cancers. Compared with control subjects, the former elite athletes had 

fewer prevalent cases of colon (3 vs. 14, p = 0.016), prostate (3 vs. 16, p = 

0.007) and breast cancers (1 vs. 10, p = 0.013). However, they had a larger 

number of prevalent cases of cancer of the testicles (8 vs. 2, p = 0.031). 

Table 4 shows the results of logistic regression analysis adjusted to four 

different models. The first model revealed a lower likelihood of the colon (OR 

0.24, 95% CI, 0.07-0.85, p = 0.027), prostate (OR 0.22, 95% CI, 0.06-0.79, p = 

0.020) and breast cancers (OR 0.12, 95% CI, 0.02-0.98, p = 0.047) among 

former elite athletes. However, control subjects showed a lower likelihood of 

testicular cancer (OR 0.18, 95% CI 0.04-0.87, p = 0.033). Model 2 and 3 

revealed that the significant differences among groups in breast cancer 

disappeared. However, the former elite athletes kept less likely for cancers of 

the colon and prostate. Likewise, in these two models the control subjects 

maintained a significant lower OR for testicular cancer. After adjusting for the 
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number of minutes per week that the subjects in each group spend in vigorous-

intensity physical activity (model 4), only remained the least likely of former elite 

athletes for prostate cancer (OR 0.35, 95% CI, 0.11-0.98, p = 0.042) as well as 

their greater likelihood for testicular cancer (OR 0.12, 95% CI, 0.02-0.67, p = 

0.016).  

 

Discussion 

 

We have designed the present study to compare prevalent lifetime cases 

of the selected cancers between former elite athletes and controls. Selection of 

cancers to include in the study was based on the types that already have been 

positively or negatively associated with former elite athletes.  

Our first results show that former elite athletes adopt healthier behaviors 

than controls. It is, however, pertinent to note that former elite athletes 

presented no differences regarding the majority of the alcohol consumption 

analysis. The only significant difference observed was related to the pattern of 

drinking, where unlike athletes, controls seem to consume their alcoholic 

beverages mostly within meals. Along with the general alcohol consumption, 

this is specifically linked to colon cancer in men [3]. Nevertheless, our results 

also suggest that these world class former athletes are at lower risk for colon, 

breast and prostate cancers, independently of behavioral risk factors. However, 

a higher prevalence of testicular cancer was also observed. 

Regular physical activity helps maintain a healthy body weight by 

balancing caloric intake with energy expenditure, and may help to prevent 

certain cancers via both direct and indirect effects, including regulating sex 

hormones, insulin, and prostaglandins, and having various beneficial effects on 

the immune system [2,21]. Although the optimal intensity, duration, and 

frequency of physical activity needed to reduce cancer risk are unknown, 

approaching and exceeding 300 minutes of moderate intensity activity per week 

or 150 minutes of vigorous activity per week is likely to provide additional 

protection against cancer. Nevertheless, increasing intensity to vigorous levels 

may further improve health benefits for those individuals who are able and 

willing to perform physical activity at this intensity [2]. Our outcomes clearly 
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show that, in their post career period, former elite athletes are far more active 

than controls, with values near those recommended. 

Breast, prostate, and testis are known to be hormone-related cancers 

[22]. The hormone-related cancers share a quite different mechanism of 

carcinogenesis: hormones, both endogenous and exogenous, by driving cell 

proliferation, increased the number of cell divisions and the opportunity for 

random genetic errors [23]. Mechanistic reasons why physical activity may 

protect against cancer (or why sedentary living may promote cancer) include 

healthier levels of circulating hormones and the ability of the most active body to 

consume more food and nutrients without gaining weight [3]. One key effect of 

both excess body weight and physical inactivity is the development of insulin 

resistance. In order to compensate the reduction in tissue response and to 

maintain blood glucose concentrations within narrow, acceptable limits, the 

body causes an increase in insulin secretion and plasma levels of insulin [24]. 

This hyperinsulinaemia is particularly associated with a risk of breast and colon 

cancers [25]. Even a single session of sustained submaximal exercise can 

improve insulin sensitivity acutely, although only for a limited duration of several 

days. In the long term, regular physical activity may also improve insulin 

sensitivity by limiting weight gain or reducing excess weight [26]. 

Beyond this physical activity association with cancer, several cancers 

have been associated with lifestyle, particularly with alcohol, tobacco and diet 

[2,3]. Multiple inter-related mechanisms are suggested in the physical activity 

association with reduced postmenopausal breast cancer risk, including changes 

in metabolic and sex hormones, growth factors, adiposity, and possibly immune 

function [4]. One of the most plausible mechanisms is via the modification of 

sex hormone levels. High endogenous estrogen and androgen levels are fairly 

consistently associated with an increase in breast cancer risk [27]. Physical 

activity decreases serum estrogen and androgens in post-menopausal women. 

In premenopausal women, it decreases circulating estrogens, increases cycle 

length, and decreases ovulation, all of which provide a protective effect for 

breast cancer [3]. Along with this possibility, our outcomes suggest that other 

modifiable habits than post-career physical activity (tobacco, alcohol, and 

fruit/vegetables consumptions) play a role in the breast cancer. After the 

introduction of these possible confounding factors, the previous differences 
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between groups vanished.  Nonetheless, the introduction of physical activity as 

a covariate (models 3 and 4of the logistic regression analysis) further widened 

the 95% CI, revealing an even stronger association with breast cancer.  

As mentioned, the inflammatory and immunosuppressive outcomes of 

strenuous exercise maintained for prolonged time are identified characteristics 

of lymphoid cancer. Current data shows that few risk factors other than age, 

sex, and race have consistently shown an association with multiple myeloma 

[28]. In a previous study of physical activity and Hodgkin’s lymphoma risk, 

participation in intramural or varsity sports ≥5 hours per week early in college 

was associated with a no significantly reduced risk of Hodgkin’s lymphoma [29].  

Controversially, the hypothesis that exercise-mediated changes in immunity 

contribute to a reduction in cancer risk is also prevalent, remaining though 

unclear the dose, duration and frequency of exercise needed to achieve anti-

inflammatory or anti-tumour effects [30]. Moreover, although extreme exercise 

stress may impair immune function and increase susceptibility to infection, this 

may not be entirely detrimental to the host and may, by reducing immune 

activation and subsequent inflammation, be one of the mechanisms through 

which regular exercise benefits long-term health [31]. Reinforcing this, beyond 

our results where no differences were detected, another recent study concluded 

that physical activity was not significantly related to multiple myeloma risk, one 

of the lymphoid cancers [32]. Similarly, Cerhan et al [33] found no evidence that 

physical activity plays a prominent role in the development of non-Hodgkin’s 

lymphoma. However, one of the few studies regarding the physical activity 

association with Hodgkin’s lymphoma showed that in women, strenuous 

physical activity was associated with an increased risk in the adult life, possibly 

through immunologic, infectious, or genetic mechanisms [34]. Among the 

prevalent cases of cancer reported, none was Hodgkin’s lymphoma, which 

probably also contributes to the lack of association between physical activity 

and lymphoid cancer. 

Ample and consistent evidence exist for a significant, inverse association 

between physical activity and risk of developing colon cancer [3]. This 

association is plausibly supported by several biological mechanisms, including 

decreased inflammation, reduced intestinal transit time, decreased insulin-like 

growth factor levels, reduced hyperinsulinemia and modulated immune function 
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with physical activity [35]. Through our results, it is possible to assume that 

vigorous physical activity engagement has a weighty role in the justification of 

the colon cancer prior identified dissimilarities. Previous reviews of the 

association between physical activity and colon cancer have reported a risk 

reduction of approximately 30%, based on qualitative review, when comparing 

the most to the least active individuals [36]. In a large cohort study from the 

European Prospective Investigation into Cancer and Nutrition, daily activity at 

vigorous intensity levels were suggested to be the activity pattern that prevent 

colon cancer [37]. Likewise, through our results is also evident that vigorous 

activity may have an even greater benefit lowering the risk of colon cancer. 

Testicular cancer has been associated with strenuous exercise during 

adolescence [10] and sports disciplines related to trauma or injuries [8, 9]. 

Although a couple of medical risk factors for testicular cancer have been 

established, the relation between lifestyle and testicular cancer risk is unclear 

[10]. Recently and with resemblance to our results, Robsham et al [1] found an 

increased risk of this malignancy among former world class athletes; however, 

being unable to explain it clearly. Physical activity may, however, delay the 

onset of puberty among males (19), by altering modulation of androgen levels in 

adolescence, making it a possible explanation for the observed adverse 

association between physical activity and testicular cancer risk. None of our 

models was capable of determining a valid predictor for the higher number of 

prevalent testicular cancer cases among former elite athletes. This leads us to 

reinforce a possible testicular cancer association with the earlier acute exercise, 

typical of these athletes.  

There is some evidence that physical activity, in particular vigorous 

physical activity, may decrease the risk of prostate cancer. However, the 

strongest association appears to be for prostate cancer at an advanced stage 

[38]. Several mechanisms have been proposed for how physical activity may 

decrease the risk of prostate cancer. Exercise may reduce prostate cancer risk 

by reducing levels of testosterone and insulin. Acute exercise may promote the 

formation of free radicals. In people who exercise consistently, this may induce 

the production of enzymes, such as superoxide dismutase that protect against 

oxidative stress. These enzymes may also protect against prostate cancer, 

since dietary antioxidants have been linked to reduced cancer risk [3]. None of 
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the selected models was effective trying to define risk factors that may justify a 

lower risk of prostate cancer in former elite athletes. This suggests other 

reasons than the ones introduced in the analysis. A possible explanation lies in 

the fact that these athletes have exercised acutely for several years during their 

career and keep a high engagement in vigorous activities in the post career 

period, which, as mentioned, can be associated with biological mechanisms that 

may help to prevent the risk of prostate cancer. 

Methodological issues in this study must be addressed. We have 

analyzed a function of both incidence and survival rates of the selected cancers, 

i.e. prevalent cases. We are aware that this is not the most accurate approach 

to determine associations. Nevertheless, all types of cancer under this 

investigation have a high survival rate, which probably prevents bias. Beyond 

cancer prevalence, all the information on actual physical activity, height, weight, 

and other health-related behaviors was self-reported. In spite of the problems 

with measuring them on a questionnaire, our response rate provides useful 

information on middle and old age former elite athletes and controls, and bias 

within its association with cancer is unlikely. However, due to some particular 

findings from our study, we recommend future investigations with a larger 

sample, which would increase the study reliability. 

 

Conclusions 

 

In summary, former elite athletes seem to benefit from a lower risk of the 

colon, prostate and breast cancers. Among breast cancer, this seems to be 

associated with the adoption of general healthier behaviors than controls. We 

also suggest that the colon cancer differences are particularly associated with 

the former elite athletes’ higher engagement in vigorous physical activity, but 

not moderate, revealing a possible strongest dose-response association. In 

addition, these athletes seem to be at higher risk for testicular cancer than the 

control ones, in which the strenuous and prolonged exercise during career may 

be a possible explanation. Likewise, rather than their post career lifestyle, acute 

and prolonged exercise performed by former elite athletes during the career 

period may be associated with their lower likelihood for prostate cancer.  
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Although the mechanisms still need to be more clearly understood, these 

findings suggest that, along with later healthy behaviors, a high physical activity 

engagement at an early age could reduce the risk of colon, breast and prostate 

cancers and might be recommended, particularly given the many other 

documented benefits of exercise. 
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Table 1 – Age, BMI, and lifestyle behaviors of study the subjects. 

  

Former Elite 
Athletes 

Controls 
p 

(N=290) (N=337) 

Age (mean ± SD) 47.7 ± 12.7 49.3 ± 16.6 0.171 

Age (range) 30-91 30-90 
 

Tobacco       

Never smokers (%) 55 50 0.160 

Ex-smokers (%) 10 5 0.039 

Smokers (%) 35 45 0.012 

Daily smokers (%) 75 97 <0.001 

Cigarretes per day (mean ± SD) 12.3 ± 8.3 15.2 ± 5.6 0.006 

Fruits and Vegetables       

Servings of fruit consumed per day (mean ± SD) 2.6 ± 1.3 1.8 ± 1.0 <0.001 

Servings of vegetables consumed per day (mean ± SD) 1.6 ± 1.3 1.4 ± 1.1 0.025 

Insufficient fruit and vegetables consumption (%) 60 78 <0.001 

Alcohol       

Abstainers (%) 13 17 0.230 

Have consumed alcohol in the last 30 days (%) 6 13 0.126 

During past 30 days, had 5 (4 for women) or more standard alcoholic 
drinks in a single drinking occasion (%) 

42 44 0.632 

Rarely or never with meals (%) 22 7 <0.001 

Hazardous drinking (%) 52 48 0.252 

BMI (mean ± SD) 24.9 ± 3.1 26.0 ± 3.9 <0.001 

Normal range (18.50-24.99) (%) 46 40 0.140 

Overweight (≥25.00) (%) 47 43 0.331 

Obese (≥30.00) (%) 7 17 <0.001 
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Table 2 – Engagement in moderate and vigorous intensities physical activity. 

 

Former Elite 
Athletes 

Controls p 

Walk or use a bicycle to get to and from places (%) 43 45 0.624 

Amount of time spent walking or cycling (min/week) 71.2 ± 110.1 53.1 ± 96.8 0.031 

Amount of moderate intensity physical activty at work (min/week) 229.0 ± 483.5 127.2 ± 275.2 0.002 

Engage in leisure time moderate-intensity sports, fitness or recreational (%) 65 50 <0.001 

Amount of leisure-time physical activity of moderate intensity (min/week) 123.3 ± 135.8 75.3 111.6 <0.001 

Amount of vigorous intensity physical activty at work (min/week) 34.3 ± 121.0 34.3 ± 126.7 0.996 

Engage in leisure time vigorous-intensity sports, fitness or recreational (%) 68 40 <0.001 

Amount of leisure-time physical activity of vigorous intensity (min/week) 102.9 ± 89.4 49.2 ± 71.3 <0.001 

Walking and cycling were considered as moderate physical activity engagement. 

 

 

 

 

Table 3 – Unadjusted prevalent cases of the selected cancers. 

  Former Elite Athletes Controls p 

Colon 3 14 0.016 

Prostate 3 16 0.007 

Breast 1 10 0.013 

Lymphoid 4 2 0.314 

Testis 8 2 0.031 

Data are the number of cases 
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Table 4 - OR for the selected cancers, adjusted to four distinct models. 

 
  Colon Prostate Breast Lymphoid Testis 

Model 1 

Former Elite Athletes 0.24 (0.07-0.85) 0.22 (0.06-0.79) 0.12 (0.02-0.98) 1 1 

Controls 1 1 1 0.35 (0.06-2.03) 0.18 (0.04-0.87) 

p 0.027 0.020 0.047 0.242 0.033 

        

Model 2 

Former Elite Athletes 0.26 (0.07-0.95) 0.21 (0.06-0.79) 0.12 (0.01-1.21) 1 1 

Controls 1 1 1 0.44 (0.07-2.87) 0.17 (0.03-0.84) 

p 0.042 0.020 0.072 0.381 0.030 

        

Model 3 

Former Elite Athletes 0.22 (0.06-0.86) 0.27 (0.08-0.88) 0.15 (0.01-1.74) 1 1 

Controls 1 1 1 0.49 (0.07-3.24) 0.17 (0.03-0.86) 

p 0.029 0.032 0.129 0.457 0.032 

        

Model 4 

Former Elite Athletes 0.28 (0.07-1.10) 0.35 (0.11-0.98) 0.19 (0.02-2.11) 1 1 

Controls 1 1 1 0.40 (0.06-2.90) 0.12 (0.02-0.67) 

p 0.069 0.042 0.174 0.366 0.016 

Model 1 - adjusted for age, sex, socioeconomic/occupational status, and for the presence of cancer in first degree blood related 

family members; Model 2 – all the adjustments of model 1, plus the categories of tobacco (never, ex, and current smoker); alcohol 

(abstainer, moderate, and hazardous drinker); fruit/vegetables (more or less than 5 daily servings) consumptions; and BMI 

(normal, overweight, and obese); Model 3 - all the adjustments of model 2, plus the total of minutes that each group spends 

weekly in moderate physical activity; Model 4 – all the adjustments from model 3, plus the number of minutes per week that the 

subjects in each group spend in vigorous-intensity physical activity. 

Among prostate and testicular cancers, the analysis was performed for men. The same approach was adopted for breast cancer 

and women. 
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Abstract 

 

Objective. We have designed the present study to compare prevalent 

lifetime cases of diagnosed asthma or exercise induced asthma, as well as 

current related respiratory symptoms, across two different levels of former 

athletes and non-athletes. Methods. Demographic, behavioral, and asthma 

history information, as well as current related respiratory symptoms, were 

obtained through a questionnaire from 627 subjects (290 former elite and 201 

non-elite athletes that competed between 1969 and 2005, and 136 control 

subjects that had never been athletes). Results. Non-athletes presented a 

higher percentage of subjects reporting the existence of symptoms associated 

with exercise or vigorous activities. Former athletes who reported having 

practiced mostly in indoor facilities presented significant lower risk for asthma 

than outdoor ones (Odds Ratio = 0.48, 95 % CI = 0.25-0.94). Multiple 

regression analysis (where “B” refers to unstandardized coefficients) showed 

that former elite (B = -0.85, p < 0.001) and non-elite athletes (B = -0.70, p < 

0.001) were less prone to be affected by asthma-related symptoms than non-

athletes. Athletes with careers that lasted more than 20 years were more likely 

to possess asthma-related symptoms than the ones with shorter careers (3-7 

years, B = -0.47, p< 0.001; 8-14 years, B = -0.42, p <0.01; 15-20, B = -0.32, p < 

0.05). Conclusions. Non-athletes seem to have a higher prevalence of 

respiratory symptoms. Among former athletes, career characteristics seem to 

play a crucial role, with special emphasis to its duration, where the most lengthy 

seem to be more associated with respiratory symptoms. 
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Introduction 

 

It is known that athletes have frequent upper respiratory tract infections, 

and this may increase the susceptibility to develop asthma (1). 

Respiratory symptoms such as recurrent breathlessness, cough, 

wheezing, chest tightness, and excessive mucous production are common in 

athletes and may be suggestive of asthma (2). 

The term “exercise-induced asthma” (EIA) is used to describe acute lung 

airway narrowing occurring during and/or after physical activity. In  2008,  the  

PRACTALL  initiative, endorsed  by  the  European  Academy  of Allergy  and  

Clinical  Immunology  and the American Academy of Allergy, Asthma and 

Immunology, defined EIA as lower airway obstruction and symptoms of cough, 

wheezing or dyspnea induced by exercise in patients with underlying asthma, 

but also usual in individuals without asthma (3).  

Some patients with EIA only present symptoms with exercise, have no 

signs or symptoms of asthma at rest, and have a normal physical examination 

and spirometry (4). It is only with exercise that these patients have respiratory 

symptoms and a subsequent drop in pulmonary function; they have EIA with no 

evidence of underlying chronic asthma (4). 

Despite most studies aiming to analyze EIA are performed among world 

class athletes, EIA is a condition that may be found in athletes at any level, from 

recreational to elite (4). The few studies that have attempted to investigate the 

prevalence of asthma in former athletes suggest that changes in lung function 

and airway responsiveness may be at least partly reversible after cessation of 

long-term endurance training (5, 6). 

However, to our knowledge, no studies exist analyzing the prevalence of 

asthma and current respiratory symptoms among former athletes, and to 

investigate the possible association with the athletic background (level and 

intensity of sport, career length, years since retirement, and typical facilities). 

This was the aim of our study. 
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Materials and methods 

 

We identified former elite athletes who represented Portugal in selected 

sports at least once in the Olympic Games, World or European championships 

or other international competitions; former non-elite athletes who competed in 

selected sports for at least three consecutive years in their adult life, but not 

representing Portugal; and control subjects randomly selected in the 

Portuguese population, matched for age, and who were never athletes. All 

subjects had to be at least 30 years old. Former athletes competed during 

1969-2005 and at the time of the study have ended their career for at least 

three years. Sports federations provided and confirmed athlete’s sports history. 

We first conducted telephone interviews with former athletes and controls 

in order to make the study known, describe our goals and to extend a formal 

invitation to one of our laboratories for collection of biochemical measures (1378 

subjects). After consent to participate (868 subjects), we mailed a questionnaire 

(preceded by a pilot study that attested the reliability) based on the World 

Health Organization STEPs approach (7).  

The response rate was 78% for former elite athletes, 71% for former non-

elite athletes and 64% for non-athletes. Therefore, the study population 

comprised 341 men and 286 women, totaling 627 subjects (290 former elite 

athletes; 201 former non-elite athletes; and 136 non-athletes).  

 

Questionnaire 

The questionnaire included demographic (age, sex and occupation), 

behavioral (smoking status), anthropometric (height and weight), sports career 

(type of sport, year of beginning and ending), and clinical history information. 

Regarding asthma and current respiratory symptoms, we used the following 

questions: a) Have you ever been diagnosed by a physician with asthma or 

exercise-induced asthma?; b) Are you currently under some medication for 

asthma treatment/control?; c) Currently, when you exercise or perform vigorous 

activities, you usually wheeze?; Currently, when you exercise or perform 

vigorous activities, you usually cough?; d) Currently, when you exercise or 

perform vigorous activities, do you usually have phlegm?; e) Currently, when 

you exercise or perform vigorous activities, you usually feel shortness of 
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breath?; f) Currently, when you exercise or perform vigorous activities, do you 

usually feel a tightness in your chest?; g) Beyond asthma have you ever been 

diagnosed by a physician with another respiratory disease? If so, what 

disease?; h) Was any of your first degree blood relatives (parent or sibling) 

diagnosed with asthma?. To former athletes who were diagnosed with asthma, 

the following question was applied: “The diagnosis of asthma occurred before, 

during or after your sports career?” 

We scored as positive for asthma any subject diagnosed with asthma, 

EIA or currently on an asthma medication. Each symptom reported as currently 

usual when exercising or doing vigorous activities (that require hard physical 

effort and cause large increases in breathing or heart rate) was considered as 

1, and the symptoms score was obtained through their sum. 

We asked subjects to self-measure height and weight, in order to provide 

current values. We requested the height measurement to be performed by a 

second person, and instructed the participant to stand barefoot (also for weight 

measurement), leaning against a wall and looking forward. Through height (m) 

and weight (kg), we calculated the body mass index (BMI in kg/m²). 

 

Categorization 

We grouped the athletes classifying the sports they have participated 

according to the Compendium of Physical Activities (8), based on the intensity 

of exercise performed between each sport, with their respective metabolic 

equivalent (MET) intensity levels. Sports were categorized according to the 

model proposed by Pate et al. (9) as moderate (3-6 METs; volleyball, 

gymnastics, archery, field events – throwing and jumping) and vigorous (> 6 

METs; judo, canoeing/rowing, sprint running, middle and long-distance running, 

triathlon, decathlon, swimming, basketball, handball and soccer).  

According to each sport typical practice facilities, we divided them into 

indoor (gymnastics, judo, volleyball, basketball, swimming and handball) and 

outdoor (field events, archery, sprint running, canoeing/kayaking, triathlon, 

decathlon, middle and long-distance running and soccer). Although this is the 

most common distribution, we found discrepancies in the responses. For 

example, some of the former handball athletes stated their typical training as 

outdoor (in reference to the handball with 11 players). This was taken into 
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account in the distribution of athletes by their categories, and whenever the 

discrepancy occurred, rather than the sport discipline, the typical training facility 

was considered. 

Socio-economic/occupational groups had the following categories: 

government employee, nongovernment employee, self-employed, retired, 

unemployed-able to work, and unemployed-unable to work.  

We have based the subject’s smoking status on a detailed smoking 

history, and classified them into three categories: never, ex, or current smokers.  

BMI was categorized as follows: normal weight (BMI ≤ 24.99 kg/m²), 

overweight (BMI 25.00 – 29.99 kg/m²) and obese (BMI ≥ 30.00 kg/m²). Finally, 

we created categories according to the duration of the sports career (3 to 7 

years; 8 to 14 years; 15 to 20 year; and more than 20 years) and years since 

retirement (less than 5 years; 5 to 10 years; 11 to 20 years; and more than 20 

years). 

 

Statistical analysis 

Using cross-tabulations with the Chi-square and Anova, we examined 

differences in the demographic and behavioural characteristics between former 

elite, non-elite and non-athletes, as well as differences in career between 

former elite and non-elite athletes. To assess differences across groups of 

former athletes and prevalence of asthma or EIA, we have also used the Chi-

square test. We performed this same analysis to achieve differences between 

former athlete’s total values (with former elite and non-elite athletes as one 

group only) and non-athletes.  Odds ratios (OR) for the presence of asthma and 

their 95% confidence intervals (95% CI) for each of the categorized variables 

were analyzed using logistic regression. Through linear regression analysis 

(where “B” refers to unstandardized coefficients), we have determined the 

differences in the symptoms score under control of possible confounders. Both 

linear and logistic regression analysis were performed for each of the variables 

categorized into two blocks. The first contained age as a possible confounding 

factor and the second contained age, sex, BMI, family history of asthma, 

occupation and smoking status (in the linear regression, lifetime diagnosis of 

other respiratory diseases and current treatments for asthma were also included 
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as possible confounding factors). Significance was considered to be p<0.05. All 

statistical analysis was performed with PASW Statistics 18 for Windows. 

 

Results 

 

The descriptive background characteristics of all the study subjects are 

shown in table 1. At the time of this study, there were no significant differences 

regarding sex and mean age of participants from main groups (former elite, 

non-elite and non-athletes). However, former non-elite athletes accounted for a 

higher percentage (42.8) of subjects between 40 and 50 years old (p < 0.001). 

Former elite athletes (24.9 ± 3.1) had lower (p < 0.001) mean BMI score than 

non-athletes (26.4 ±4.2), which also represented the higher percentage (20.6) 

of obese subject (BMI ≥ 30). In relation to smoking status, both groups of former 

athletes had a considerable (p < 0.001) lower percentage (35.2 among former 

elite athletes, and 24.9 among former non-elite athletes) of smokers, and a 

higher percentage (55.2 among former elite athletes, and 69.2 among former 

non-elite athletes) of never smokers than non-athletes (75% were smokers, and 

20.6% had never been smokers). 

Table 2 shows that, among former athletes, elite ones were clearly those 

who had a longer career (mean of 16.2 years ± 6.5). They also retired for fewer 

years (15.3 ± 11.6) than non-elite ones (19.7 ± 15.1). No significant differences 

were found among former athletes from different intensities sports (vigorous 

and moderate), or across type of facilities typically used for practice (indoor and 

outdoor). 

Among main groups, the analysis regarding prevalence cases of asthma 

and current medication (table 3), did not reveal any significant differences. 

Likewise, we found no significant differences between former elite and non-elite 

athletes regarding typical symptoms of EIA. However, when this same analysis 

was performed between former athletes as a whole (former athlete’s total) and 

non-athletes, it was found that non-athletes presented a higher percentage of 

subjects reporting the existence of symptoms associated with exercise or 

vigorous activities. Breathlessness (p = 0.002) and chest tightness (p = 0.008) 

were the symptoms with minor differences, while phlegm, persistence cough 

and wheezing the ones with higher differences (p < 0.001). As regards the time 
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when the former athlete's diagnosis of asthma occurred, was possible to notice 

that former non-elite athletes had a higher percentage (66.7) of subjects 

diagnosed before their sports career (p = 0.049). Among former elite athletes, 

only 34.8 of the subjects were diagnosed with asthma before becoming 

athletes. 

Table 4 presents the results of multivariate logistic regression analysis 

whereby adjustments were made for age, and for age, sex, BMI, smoking status 

and current treatments for asthma. Within the selected covariates, sex (p < 

0.05) and family history of asthma (p < 0.001) were the only ones with statistical 

significance. Former athletes reporting a typical practice in indoor facilities 

presented significant lower risk for asthma than outdoor ones (OR = 0.48, 95 % 

CI, 0.25-0.94). However, after adjustments for age, BMI, smoking status and 

current treatments for asthma, that significant risk difference vanished. No 

significant differences were found among main groups (former elite, non-elite 

and non-athletes), different sports intensities, or among categories of time 

elapsed since the end of career. 

Regarding current symptoms associated with exercise or vigorous 

activities, even when adjusted for other possible confounding factors than age 

(age, sex, BMI, occupation, smoking status, current asthma medication and 

family history of asthma), multiple regression analysis showed that former elite 

(B = -0.85, p < 0.001) and non-elite athletes (B = -0.70, p < 0.001) were less 

prone to be affected by asthma-related symptoms than non-athletes. Among the 

predictors selected for inclusion in the adjustment, family history of asthma (p < 

0.001), smoking status (p < 0.001), and currently on asthma medication (p < 

0.01) were the ones statistically significant. Between former athletes of different 

sports intensities, as well as between indoor/outdoor sports, we found no 

significant differences. We noticed that athletes who have had careers that 

lasted more than 20 years were most likely to possess asthma-related 

symptoms than the ones with shorter careers (3-7 years, B = -0.47, p< 0.001; 8-

14 years, B = -0.42, p <0.01; 15-20, B = -0.32, p < 0.05). Despite the fact that 

the widening of confidence intervals remains increasing as the years since 

retirement were higher, after adjustment for other possible confounding factors 

than age, the significance of differences within these categories vanished. 
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Discussion 

 

A consistent body of evidence has shown that elite athletes have an 

increased risk for asthma (3). Most studies focus on elite athletes due to the 

very high effort associated with their sporting careers. A few studies that have 

looked at non-elite athletes have not encompassed comparisons with athletes 

from other levels (10-12). This raises the question of whether all types of 

athletes (regardless of the differences in the respective careers) are at similar 

risk of developing asthma, or whether the elite are at higher risk. Furthermore, 

to our knowledge, only two studies have analyzed asthma on the post career of 

these athletes (5, 6).  

It is known that exercise is the most frequent trigger of bronchospasm in 

those who are known to be asthmatic, and 50 to 90% of all individuals with 

asthma have airways that are hyper-reactive to exercise (13). Furthermore, 

manifestation of related respiratory symptoms occurs in up to 90% of asthmatic 

patients and is estimated to occur in > 10% of the general population (13). It is 

possible that in subjects who are not known to be asthmatic, the disease may 

be overlooked (14).   

We have analyzed both asthma and EIA as one and found no significant 

differences regarding its prevalence between former elite, non-elite or non-

athletes. However, there may have been selection bias at the beginning of our 

study as subjects with sub-optimal ventilatory function as young adults may 

have been incapable of becoming elite athletes, thus reducing the prevalence of 

later asthma subjects in this group. Furthermore, exercise may have several 

benefic effects on asthmatic subjects (e.g., a decrease in the intensity of 

wheezing attacks or an increase in the aerobic fitness) (15). Therefore, it is also 

plausible that, as in other studies (16), our 18 identified cases of asthma 

diagnosed before sports career may have selected sports activities because of 

their condition, which can also bias both the prevalence of asthma and later 

symptoms results.  

Although some asthma studies have suggested associations with obesity 

(17-21) and occupation (6), we found no significant association between these 

factors and both asthma or symptoms. On the other hand, both asthma and 

respiratory symptoms were associated with family history of asthma. Moreover, 
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although the smoking status was not significantly associated with the 

prevalence of asthma, it was associated with current symptoms. Effectively, 

smoke is one of the recognized factors influencing both the onset of acute 

respiratory symptoms and the progression of chronic bronchial inflammation 

(22). Likewise, the prominence of family history among asthma risk factors has 

long suggested a significant role for genetics (23). Available data regarding elite 

athletes suggests that asthma results not only from genetic predisposition, but 

also from complex interactions between genetic and environmental factors (2). 

Furthermore, asthma has no clear pattern of inheritance and heritability 

estimates of asthma vary between 36% and 79% (2). Therefore, we believe that 

the revealed association between subjects who reported family history of 

asthma and their later symptoms, even when accounting for some 

environmental factors (e.g., typical training facility) can also be a relevant 

finding suggesting a strong role of genetics. 

Asthma is a long term disease that may initially manifest during childhood 

or adult life (24). As mentioned, while no significant differences were found 

regarding the time period were asthma had been diagnosed, almost twice the 

percentage of former non-elite athletes were diagnosed with the disease before 

the sports career. This may also contribute to the fact that EIA (those whose 

diagnosis was made during sporting career) does not seem to be a 

differentiating element between the prevalent cases of asthma among former 

and non-athletes. However, another highlight of the conclusions to be drawn 

from our study is that, among current symptoms, a significant difference exists 

between those who have and have not been athletes in the past, reinforcing the 

possibility of the disease have been neglected or not properly diagnosed. 

Despite having disappeared after adjustments, we also noticed a lower 

asthma likelihood among subjects from indoor sports. The Summary of the 

International Olympic Committee’s Consensus Conference (2) states that the 

outdoor air pollution may play a crucial interactive role in determining whether 

susceptible individuals develop asthma. Athletes inhale large amounts of 

allergens and irritants both outdoors and indoors. In countries such as Portugal 

with four distinct seasons, during winter athletes train outdoors in cold 

temperatures or indoors, where air quality may be poor. Although there are risks 

in both training environments, during spring and summer athletes who train 
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outdoors are exposed to many pollen allergens (25). These, along with the 

probability that athletes who participate in colder environment sports have more 

asthma than those who participate in sports in warmer environments (26) may 

help to explain our results. Indeed this is quite an ambiguous factor in respect to 

the risk of asthma. There are studies suggesting that, despite training indoor 

arenas around the year, athletes report more exercise-induced respiratory 

symptoms during indoor than outdoor training (25). Others suggest that the 

environment in which athletes regularly train, their age and the duration of their 

training did not affect perception of their respiratory symptoms (11). Several 

factors may be behind these dissimilar results, however it seems clear that, 

much increased ventilation during exercise, combined with exposure to cold air 

and to a mixture of allergens and irritating agents, seems to induce symptoms 

and airway inflammation in athletes (27). Furthermore, the occurrence of 

symptoms during former elite athlete’s cold weather training appear to be a 

justification for use of medication to improve performance (26). The use of 

inhaled asthma drugs, particularly inhaled β2-agonists, became increasingly 

widespread among elite athletes which is disconcerting (2, 3).  

Our data show that duration of sports career seems to be related to both 

asthma and current respiratory symptoms risk and athletes who have had 

shorter careers are suggested to have a lower risk. A study aiming to 

investigate the occurrence of and risk factors for increased bronchial 

responsiveness and asthma in elite athletes with summer events, and to 

compare their results with those of control subjects, concluded that the mean 

time from the beginning of active competition sports to the physician diagnosed 

asthma was 4 years in speed and power athletes, 7.3 years in long-distance 

runners, and 5.7 years in swimmers (28). Nevertheless, another study 

concluded that there were no differences in the proportion of athletes presenting 

current respiratory symptoms according to the number of years (mean: 8.8 

years) they trained (11).  The results of the first mentioned study are based on a 

descriptive analysis of the subject’s characteristics. Since it was not the primary 

goal of their analysis, we have no more information, making it more difficult to 

make comparisons. Furthermore, the mean duration of career from the subjects 

of the second referred study is considerably lower than ours, also biasing a 

comparison. Nevertheless, in interpreting our results it is possible to suggest 
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that EIA is not as likely to manifest early in a career. Naturally, this will increase 

the risk of association with longer careers. Identically, we were able to verify 

that current respiratory symptoms are also common among former athletes with 

longer careers. Once more, this leads us to wonder if some of these symptoms 

were already present in the course of theirs career, without them being 

diagnosed with asthma mostly due to a non-recognition or underreporting of 

exercise-induced respiratory symptoms, which may be considered as normal 

consequences of high intensity training by athletes (11). Considering that the 

elapsed time since career termination did not reveal a clear association with the 

asthmatic symptoms and prevalent cases of asthma, it may also suggest that 

the likelihood of a remission is little. In fact, the asthma remission is poorly 

understood. Variable remission rates have been reported (29-31). Nevertheless, 

in children with mild to moderate persistent asthma, a general decrease in 

asthma morbidity can be expected in adolescence, yet complete remission is 

infrequent (32), especially in adulthood (33). 

Methodological issues must be addressed in our study.  Questionnaires  

are  useful  tools  when  evaluating  the prevalence  of  respiratory  symptoms  

in  a  population. However, they do not consider the varying levels of perception 

and/or tolerance to symptoms among individuals. Furthermore, another 

limitation associated with using questionnaires is their validity and reliability. 

Therefore, a complete history and physical examination should be performed to 

make results as ours more reliable. 

 

Conclusion 

 

In summary, although the lifetime prevalence of asthma does not seem 

to be higher among former athletes, its related symptoms do, being non-

athletes at higher risk. Furthermore, we suggest that career characteristics play 

an important role, with special emphasis to its duration, where the most 

enduring seem to be more associated with respiratory symptoms. 
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Table 1 – Demographic and behavioral characteristics of the study subjects according to the level of sports 
participation. 

 Former Elite 
Athletes 
(N=290) 

Former Non-Elite 
Athletes 
(N=201) 

Non-Athletes 
 

N= (136) 

p 

Sex     

Men (%) 51.7 61.2 50.0 0.060 ** 

Women (%) 48.3 38.8 50.0  

Age, mean (SD) 47.7 (12.8) 48.3 (16.0) 50.8 (17.4) 0.133* 

< 40 years (%) 36.9 35.3 44.1 < 0.001 ** 

40-50 years (%) 28.3 42.8 17.6  

> 50 years (%) 34.8 21.9 38.2  

BMI, mean (SD) 24.9 (3.1) 25.7 (3.6) 26.4 (4.2) <0.001* 

< 25 (%) 46.2 43.8 35.3 0.001** 

25-29.99 (%) 46.9 42.3 44.1  

≥ 30 (%) 6.9 13.9 20.6  

Smoking     

Never smokers 55.2 69.2 20.6 < 0.001** 

Ex-Smokers 9.7 6.0 4.4  

Smokers 35.2 24.9 75.0  

* P-value by Anova. 

** P-value by Chi-Square tests or Pearson Chi-Square Asymp. (2-sided) 

 

Table 2 – Career characteristics according to the level of sports participation. 

 Former Elite 
Athletes 

Former Non-Elite 
Athletes 

p 

Sports intensity    

Vigorous (%) 41.7 58.3 0.435** 

Moderate (%) 45.3 54.7  

Typical facilities    

Indoor (%) 66.2 71.1 0.248** 

Outdoor (%) 33.8 28.9  

Years as athlete, mean (SD) 16.2 (6.5) 10.7 (5.7) < 0.001* 

3-7 (%) 13.8 33.8 < 0.001** 

8-14 (%) 27.9 42.3  

15-20 (%) 31.7 16.4  

More than 20 (%) 26.6 7.5  

Years since career termination, mean (SD) 15.3 (11.6) 19.7 (15.1) 0.001* 

< 5 (%) 22.8 12.4 0.025** 

5-10 (%) 21.7 23.9  

11-20 (%) 23.4 23.4  

>20 (%) 32.1 40.3  

* P-value by t-test (2-tailed) 

** P-value by Chi-Square tests or Pearson Chi-Square Asymp. (2-sided) 
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Table 3 – Lifetime prevalent cases (%) of asthma / EIA and respiratory symptoms 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Except for total symptoms score, data are number of cases and percentages. 

* P-value by t-test (2-tailed); all the other values were obtained through Chi-Square tests or Pearson Chi-Square Asymp. (2-sided).  

 
Former Elite 

Athletes 
Former Non-
Elite Athletes 

p 
Former 
Athletes 

Total 
Non-Athletes 

Former 
Athletes Vs. 

Non-Athletes 
p 

With Asthma  7.9 (23) 7.5 (15) 0.849 7.7 (38) 11.8 (16) 0.139 

Time of diagnosis       

before career 34.8 (8) 66.7 (10) 0.049    

during career 34.8 (8) 20.0 (3) 0.326    

after career 30.4 (7) 13.3 (2) 0.226    

Under asthma medication 6.2 (18) 5.5 (11) 0.734    

Total Symptoms Score, mean (SD) 1.0 (1.0) 0.9 (0.8) 0.093* 0.9 (0.9) 1.7 (1.1) <0.001* 

Wheezing 14.1 (41) 11.4 (23) 0.383 13.0 (64) 31.6 (43) <0.001 

Persistent cough 12.8 (37) 10.4 (21) 0.435 11.8 (58) 27.9 (38) <0.001 

Phlegm 17.6 (51) 16.9 (34) 0.847 17.3 (85) 34.6 (47) <0.001 

Breathlessness 28.3 (82) 21.9 (44) 0.111 25.7 (126) 39.0 (53) 0.002 

Chest tightness 26.2 (76) 23.9 (48) 0.560 25.3 (124) 36.8 (50) 0.008 
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Table 4 –Logistic regression analysis for asthma and linear regression analysis for respiratory symptoms score. 

 
Asthma Symptoms 

 
Age adjusted 

Adjusted for age, BMI, 
sex, family history of 
asthma, occupation 

and smoking 

Age adjusted R² 

Adjusted for age, BMI, sex, 
family history of asthma, 
occupation, smoking, other 
respiratory diseases and 
current asthma medication 

R² 

Athlete Level 
      

Elite 0.69 (0.35/1.37) 0.89 (0.37/2.14) -0.85 (-1.06/-0.63)*** 

0.100 

-0.53 (-0.75/-0.31)*** 

0.213 Non-elite 0.63 (0.30/1.33) 0.90 (0.35/2.31) -0.70 (-0.90/-0.50)*** -0.45 (-0.65/-0.24)*** 

Non-athletes Reference Reference Reference Reference 

Sports intensity 
      

Vigorous Reference Reference Reference 
0.002 

Reference 
0.113 

Moderate 1.20 (0.62/2.34) 0.85 (0.38/1.90) 0.07 (-0.10/0.24) 0.04 (-0.12/0.20) 

Typical facilities 
     

Indoor 0.48 (0.25/0.94)* 0.64 (0.29/1.40) -0.10 (-0.28/0.08) 
0.003 

-0.11 (-0.28/0.07) 
0.115 

Outdoor Reference Reference Reference Reference 

Years as athlete 
     

3-7 0.65 (0.30/1.40) 0.64 (0.25/1.64) -0.48 (-0.71/-0.24)*** 

0.038 

-0.47 (-0.69/-0.24)*** 

0.144 
8-14 0.62 (0.27/1.44) 0.95 (0.36/2.53) -0.46 (-0.71/-0.21)*** -0.42 (-0.67/-0.18)** 

15-20 0.57 (0.23/1.42) 0.93 (0.33/2.66) -0.28 (-0.54/-0.02)* -0.32 (-0.58/-0.07)* 

More than 20 Reference Reference Reference Reference 

Years since career 
termination      

< 5 Reference Reference Reference 

0.011 

Reference 

0.121 
5-10 0.66 (0.23/1.92) 0.71 (0.21/2.38) -0.32 (-0.60/-0.03)* -0.30 (-0.57/-0.02) 

11-20 1.09 (0.38/3.12) 1.38 (0.37/5.19) -0.31 (-0.69/0.06) -0.17 (-0.53/0.20) 

>20 0.37 (0.07/2.02) 0.53 (0.06/4.51) -0.15 (-0.41/0.11) -0.13 (-0.38/0.12) 

Note: For the “dependent variables” on logistic regression: data is presented as OR (95% CI);  
For the “dependent variables” on linear regression: data is presented as nonstandardized regression coefficient B for symptoms 
score and (95% CI); sum score with range 0–5; Model fit presented as unadjusted R². 
* p < 0.05; ** p < 0.01; *** < 0.001 
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4. General Discussion 

The major findings of our cross-sectional investigation suggested a 

positive association between being a former athlete, the adoption of a healthy 

lifestyle and a concomitant improved health status. 

 

Prevalence of behavioral and biological chronic diseases risk factors: 

We observed that, generally, being a former athlete, especially at an elite 

level, is associated with a decreased likelihood for the incidence of major 

chronic disease’s risk factors (behavioral: tobacco use, low fruit and vegetable 

consumption, and physical inactivity engagement; biological: raised blood 

pressure, raised blood glucose, abnormal blood lipids and its subset raised total 

cholesterol) identified in the World Health Report (World Health Organization, 

2002). This is likely to support the assumption that the sports-oriented way of 

life adopted by athletes should help them maintaining a healthy lifestyle in the 

post-career period (Backmand et al., 2010). 

In accordance with other studies, our results also show that, when 

compared to former non-elite or non-athletes, former elite athletes adopt a more 

active lifestyle in the post-career period. Given the lack of information on 

females, to our knowledge our results are novel in demonstrating that this 

behavior is also common to women former elite athletes.  

Despite the general advantage of both former elite and non-elite athletes 

over non-athletes, the elite ones (men and especially women) present better 

outcomes when compared to the former non-elite. Furthermore, albeit the 

general results extend to both sexes, women appear to have slightly more 

marked differences, and also with clear advantage for the elite ones. 

We believe that the former athletes’ healthy habits and the directly or 

indirectly subsequent biological factors are likely to explain some of the minor 

chronic diseases prevalence presented among other studies (Kujala et al., 

2003a; Laure & Binsinger, 2009). 
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Therefore, beyond the already known benefits of physical activity 

engagement, we consider our findings as an improvement and a stimulus for 

the sports engagement at young age. Mostly due to the apparent association 

with a healthier lifestyle and, consequently, a lower prevalence of risk factors 

associated with major chronic diseases, this can be even more important for 

women. 

 

Prevalent cases of chronic diseases: 

We observed that those who were athletes in the past adopt healthier 

behaviors, and are more physically active in their post-competition period than 

non-athletes. In collusion with the majority of epidemiological studies (Friery, 

2008; Laure & Binsinger, 2009), our also suggests that former athletes, 

especially elite ones, could be less exposed than the general population to the 

major chronic diseases. However, this seems to be more valid for men than for 

women, where the physical activity’s general effects do not seem to be so 

linear, revealing a possible stronger influence of other factors. 

Among men, the participation as young adults in competitive sports and 

the later concomitant most likely engagement in the recommended amounts of 

physical activity, gives an important contribution to prevent the risk of CVD, 

diabetes and cancer.  

Furthermore, in line with other investigations (Dey et al., 2002; Kujala et 

al., 1994; Kujala et al., 2003; Paffenbarger & Lee, 1998) we found that, 

generally, the lower likelihood for chronic diseases was more expressed within 

the more active subjects, regardless of their previous status (athletes or not). 

Yet, beyond this clear association between individuals who follow the 

recommendations on physical activity and the lower likelihood for chronic 

diseases, we also found a lower likelihood for CVD and cancer among former 

elite athletes who do not meet this recommended amounts. These findings are 

substantial and probably related to the long-term exercise’s adaptations, also 

previously suggested and described (Berlin & Colditz, 1990; Kujala et al., 2003; 

Unt et al., 2008). 
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However, likely due to the fact that these athletes can undergo an 

increase in airways resistance induced by long periods of exercise, being a 

former athlete does not appear to give an advantage for the prevention of 

respiratory diseases.  

In summary, although the effect of the lifetime physical activity on chronic 

diseases it’s difficult to be shown directly, we consider it likely that, especially 

among men, the participation as young adults in competitive sports and the later 

concomitant most likely engagement in the recommended amounts of physical 

activity, gives an important contribution to prevent the risk of CVD, diabetes and 

cancer, but not respiratory disorders. 

 

Association with MetSyd: 

We observed that former athletes tend to adopt healthier lifestyles, which 

may give them an advantage in relation to risk factors that delineate MetSyd. 

Nevertheless, unless former athletes keep this healthy lifestyle thereafter, they 

do not seem to carry over any metabolic advantage inherent to this syndrome in 

later life.  

The evidence of our results suggests a greater physical activity 

engagement in later life as the biggest advantage that seems to excel from 

natural selection to sports associated with former elite athletes. In fact, we 

suggest that, irrespective of selection to sports at a young age, the maintenance 

of an active lifestyle is one of the keys for the prevention of the condition. 

Furthermore, in accordance with other findings (Blair & Jackson, 2001; 

Rennie et al., 2003), one could observe that vigorous physical activity 

engagement seems to have a clear association with MetSyd, even in subjects 

who have never been athletes.  

In summary, we suggest that a healthy lifestyle, particularly following the 

physical activity recommendations, should reduce the risk of the MetSyd, with 

special emphasis among former athletes.   
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Association with the cancer types which have been associated with 

benefit and detriment of physical activity: 

We observed that former elite athletes seem to benefit from a lower risk 

of the colon, prostate and breast cancers. However, a higher prevalence of 

testicular cancer was also observed. 

Former athletes had already been shown as less likely for the 

development of breast cancer (Frisch et al., 1985; Frisch et al., 1987; Wyshak & 

Frisch, 2000), but not for colon and prostate cancers. As regards breast cancer, 

this lower likelihood seems to be associated with the adoption of general 

healthier behaviors than controls. We also observed that the colon cancer 

differences are particularly associated with the former elite athletes’ higher 

engagement in vigorous physical activity, but not moderate, revealing a possible 

strongest dose-response association. Likewise, rather than their post career 

lifestyle, acute and prolonged exercise performed by former elite athletes during 

the career period may be associated with their lower likelihood for prostate 

cancer. 

Nevertheless, similarly to what had already been previously suggested 

(Robsahm et al., 2010), these athletes seem to be at higher risk for testicular 

cancer than the control ones, in which the strenuous and prolonged exercise 

during career may also be a possible explanation.  

In summary, beyond the recognized and observed beneficial effects of 

physical activity on cancer, we suggest a major role for the vigorous intensity 

engagement, even though it can also bring some harm. 

 

Prevalence of asthma or EIA, and related respiratory symptoms: 

Analyzing asthma and EIA as one, we found no significant differences 

regarding its prevalence between former elite, non-elite or non-athletes. In one 

of the very existent studies, Kujala et al. (1996) had already concluded the 

same. However, several aspects may be behind this lack of difference. For 

instance, besides exercise engagement may lead to EIA, it may also be helpful 

in recovery and management of the disease in individuals who have already 
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been diagnosed with asthma; which, as in other studies (Goodman & Hays, 

2008), could have been the reason why our eighteen cases of asthma 

diagnosed before sports career have chosen to participate in sporting activities, 

biasing both the prevalence of asthma and later symptoms results. 

Nonetheless, although the lifetime prevalence of asthma does not seem 

to be higher among former athletes than non-athletes, its related symptoms do, 

making non-athletes the group of higher risk. Furthermore, we suggest that 

career characteristics play an important role, with special emphasis to its 

duration. Our data show that duration of sports career seems to be related to 

both asthma and current respiratory symptoms risk, with the athletes who have 

had shorter careers at a lower risk. Inversely, individuals with most enduring 

careers seem to have a higher likelihood for the development of asthma-related 

respiratory symptoms. 

 

In summary, the aforementioned results gathered by this thesis increase 

the amount of information available on the former athlete’s epidemiology. 

The majority of our results are in accordance with most of the previous 

findings. Nonetheless, our outcomes are novel in demonstrating that, although 

lower than those of elite, former non-elite athletes also present a better health 

status than non-athletes. Moreover, mostly due to the lack of studies 

considering data from former athlete’s post-career period, it seems relevant to 

detach the fact that the healthiest status of former athletes is only acquired due 

to a post-career maintenance of a healthy lifestyle, where physical activity 

engagement, particularly of vigorous intensity, appears to have a valuable 

contribution lowering their morbidity. 

Finally, allying the already known benefits of physical activity 

engagement, we consider our findings as an improvement and a stimulus for 

the sports engagement at young age, demonstrating to be closely linked to a 

later healthy lifestyle and a general healthiest status.  
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5. Conclusions 

The major findings of our cross-sectional investigation suggested a 

positive association between being a former athlete, the adoption of a healthy 

lifestyle and a generally better health status. The majority of these conclusions 

are extended to both men and women and although former non-elite athletes 

seem to carry a more healthy status than non-athletes, most of the results are 

highly expressed among former elite athletes. 

Considering our purpose and based on our findings, it seems reasonable 

to emphasize the following conclusions: 

1. Being a former athlete is associated with the adoption of healthier 

behaviors in the post career period and, therefore, conferring extra 

protection against the biological risk factors that delineate the major 

chronic diseases, and generally reducing their risk and occurrence. 

2. Although we have shown a lower CVD and cancer prevalence among 

former athletes who are currently more inactive than controls, our 

general results seem to indicate that, unless former athletes keep this 

healthy lifestyle thereafter, they do not seem to carry over significant 

health advantage in later life. 

3. Current physical activity engagement at recommended levels seems to 

have a clear association a healthy life, even in subjects who have never 

been athletes in the past. 

4. Beyond the general healthier status of former athletes, we have also 

found some health hazard, with particular emphasis to the testicular 

cancer and asthma’s related respiratory symptoms. 

 

In summary, although the mechanisms still need to be more clearly 

understood, these findings suggest that, along with later healthy behaviors, a 

high physical activity engagement at an early age is associated with a later 

healthier status and should be more strongly recommended, particularly given 

the many other documented benefits of exercise.  
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6. Perspectives for future research  

The findings of this thesis enhance the knowledge on the factors that are 

positively and negatively associated with the health status of former athletes, 

and particularly with the physical activity and inactivity engagement. 

In order to highlight interesting directions for future research, there are 

some points in this thesis that should be addressed. 

Future studies should extend the former athletes research to 

psychological aspects, such as resilience, or anxiety/depression disorders, 

particularly linking them to a possible association with their lower morbidity. 

Furthermore, future studies should also focus on the 

incidence/prevalence of testicular cancer among the former athletes population, 

especially the elite ones. 

Finally, particularly among post career sedentary former athletes, a 

longitudinal design would allow chronological time to exert an effect as a 

variable, making it possible to determine turning points within the long term 

adaptations from exercise. 
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INFORMAÇÃO DEMOGRÁFICA 

1 Sexo Masculino    1 Feminino    2 C1 

2 Qual a sua idade?  Anos  └─┴─┘ C2 

3 
Indique a situação profissional 
que melhor se lhe adequa. 

Funcionário público                                         1 

Trabalhador não funcionário público               2 

Empresário                                                      3 

Reformado                                                       4 

Desempregado disponível para trabalhar       5 

Desempregado indisponível para trabalhar    6 

Outro: _______________________________ 

C3 

4 
Atualmente pratica desporto 
federado? 

Sim    1       Não   2 

“Sim”, terminou o seu inquérito. 
X1 

5 Praticou desporto federado? 
Sim    1       Não   2 

Caso “Não”, avance para T1 
X2 

6 Em que modalidade? ________________________________ X3 

7 
Durante quantos anos praticou 
desporto federado? 

└─┴─┘ X4 

8 
Em média, quantas horas 
treinava por semana? 

└─┴─┘ X5 

9 
Com que idade terminou a sua 
carreira desportiva federada? 

└─┴─┘ X6 

10 
Há quantos anos terminou a 
sua carreira desportiva 
federada? 

└─┴─┘ X7 

11 

Foi internacional (representou 
Portugal em Jogos Olímpicos, 
Campeonato da Europa/Mundo, 
ou competição internacional)? 

Sim    1    Não   2 X8 
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 MEDIDAS COMPORTAMENTAIS 

CONSUMO TABÁGICO 

12 

Atualmente fuma alguns 
produtos tabágicos, tais como 
cigarrilhas, cigarros, charutos, 
cachimbos, etc.?  

Sim    1          Não   2 

“Não”, avance para T9 

T1 

13 
Atualmente consome estes 
produtos diariamente? 

Sim    1         Não   2 T2 

14 
Que idade tinha quando 
começou a fumar 
diariamente? 

Idade (anos)              └─┴─┘                   T3 

15 

Em média, por dia, quantos 
dos seguintes fuma? 

(Registe para cada tipo) 

Cigarros                     └─┴─┘ Avance para A1b T4 

Cigarros de enrolar     └─┴─┘ Avance para A1b T5 

Cachimbo                   └─┴─┘ Avance para A1b T6 

Cigarrilhas, Charutos   └─┴─┘ Avance para A1b T7 

Outros                         T8 

16 
No passado, fumou 
diariamente? 

Sim    1         Não   2 

“Não”, avance para A1 

T9 

17 
Há quanto tempo deixou de 
fumar diariamente? 

Em anos                     └─┴─┘ou 

Em meses                  └─┴─┘ou 

Em semanas              └─┴─┘ 

T10 

ÁLCOOL  

Bebida alcoólica padrão = 1 cerveja, 1 bebida branca, 1 copo de vinho, 1 aperitivo, etc. 

18 
Alguma vez consumiu uma 
bebida alcoólica? 

Sim    1            Não   2 

“Não”, avance para D1 

A1 
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19 

Nos últimos 12 meses, com 
que frequência consumiu 
pelo menos uma bebida 
alcoólica?   

Diariamente                                  1 

5-6 dias por semana                   2 

1-4 dias por semana                   3                   

1-3 dias por mês                           4 

Menos de 1 por mês                     5 

A2 

20 
Consumiu alguma bebida 
alcoólica nos últimos 30 
dias? 

Sim    1             Não   2 

“Não”, avance para D1 

A3 

21 

Nos últimos 30 dias, quantas 
vezes consumiu…  

(Homens):  cinco ou mais  

(Mulheres): quatro ou mais  

…bebidas alcoólicas padrão, 
numa única ocasião? 

Número de vezes 

└─┴─┘ 

A4 

22 

Nos últimos 30 dias, quando 
consumiu uma bebida 
alcoólica, foi a acompanhar 
uma refeição? 

Normalmente com as refeições               1 

Algumas vezes com as refeições            2 

Raramente com as refeições                   3 

Nunca com as refeições                          4 

A5 

DIETA (Para exemplos, consultar imagens e descrição) 

1 Dose de Fruta=1 peça de tamanho normal, ½ copo de sumo natural ou ½ taça de fruta 
picada ou cozida. 

1 Doses de Vegetais=1 taça de vegetais não cozinhados de folha verde (espinafres, alface, 
etc.), ½ taça de vegetais cozinhados (tomate, cenoura, milho, feijão, cebola, etc.), ou ½ copo 
de sumo natural de vegetais (tubérculos, como a batata, não devem ser considerados). 

23 
Numa semana normal, em 
quantos dias consome fruta? 

Número de dias        └─┘ 

“Zero”,avance para  D3 

D1 

24 
Num desses dias, quantas 
doses de fruta consome?   

Número de doses           └─┴─┘ D2 

25 
Numa semana normal, em 
quantos dias come vegetais? 

Número de dias              └─┴─┘ 

“Zero”,avance para P1 

D3 

26 
Num desses dias, quantas 
doses de vegetais come?  

Número de doses           └─┴─┘ D4 
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ATIVIDADE FÍSICA (Para exemplos, consultar imagens e descrição) 

As questões relativas à atividade física, dividem-se em três subgrupos: no trabalho, como 
forma de deslocamento de e para locais e no seu tempo livre. 

Trabalho 

27 

Possui alguma indicação 
médica que o limite ou 
impeça de realizar atividade 
física? 

Sim    1           Não   2 

“Sim” avance para H1a 

P1 

28 

O seu trabalho envolve 
atividades de intensidade 
vigorosa, que causem um 
grande aumento na respiração 
ou batimentos cardíacos 
(como transportar ou levantar 
objetos pesados, escavação 
ou obras de construção), pelo 
menos durante 10 minutos 
contínuos? 

Sim    1           Não   2 

“Não”, avance para P5 
P2 

29 

Numa semana normal de 
trabalho, em quantos dias 
efetua atividades de 
intensidade vigorosa como 
parte da sua profissão? 

Número de dias         └─┘ P3 

30 

Num desses dias de trabalho, 
quanto tempo despende 
efetuando atividades de 
intensidade vigorosa? 

Horas : minutos        └─┴─┘: └─┴─┘ P4 

31 

O seu trabalho envolve 
atividades de intensidade 
moderada, que causem um 
pequeno aumento na 
respiração ou batimentos 
cardíacos (como caminhar de 
forma rápida ou transportar 
cargas leves), pelo menos 
durante 10 minutos 
contínuos? 

Sim    1          Não   2 

“Não”, avance para P8 
P5 

32 

Numa semana normal de 
trabalho, em quantos dias 
efetua atividades de 
intensidade moderada  como 
parte da sua profissão? 

Número de dias         └─┘ P6 

33 

Num desses dias de trabalho, 
quanto tempo despende 
efetuando atividades de 
intensidade moderada? 

Horas : minutos        └─┴─┘: └─┴─┘ P7 
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Deslocamento de e para locais 

As próximas questões excluem as atividades físicas no local de trabalho, já mencionadas.  

34 

Caminha ou utiliza bicicleta 
pelo menos durante 10 
minutos contínuos, como 
forma de se deslocar de e 
para locais? 

Sim    1          Não   2      

“Não”, avance para P11 
P8 

35 

Numa semana normal, em 
quantos dias caminha ou 
utiliza bicicleta (no mínimo 
durante 10 minutos 
contínuos), para se deslocar? 

Número de dias   └─┘ P9 

36 

Num dia normal, quanto 
tempo passa a caminhar ou a 
andar de bicicleta como forma 
de se deslocar?  

Horas : minutos         └─┴─┘: └─┴─┘ 
P10 

 

Tempo Livre 

As próximas questões excluem as atividades físicas no local de trabalho e formas de 
locomoção, já mencionadas. 

37 

No seu tempo livre, tem 
alguma atividade desportiva 
de intensidade vigorosa, 
causadora de grande aumento 
da respiração ou batimentos 
cardíacos (correr, jogar 
futebol, etc.), pelo menos 
durante 10 minutos?  

Sim    1             Não   2 

“Não”, avance para P14 
P11 

38 

Durante uma semana normal 
e no tempo livre que dispõe, 
em quantos dias efetua 
atividades desportivas de 
intensidade vigorosa? 

Número de dias   └─┘ P12 

39 

No tempo livre que dispõe 
num dia normal, quanto 
tempo passa em atividade 
desportiva de intensidade 
vigorosa? 

Horas : minutos         └─┴─┘: └─┴─┘ P13 

40 

No seu tempo livre, pratica 
alguma atividade desportiva 
de intensidade moderada, 
que cause pequeno aumento 
na respiração/batimentos 
cardíacos (dança, yoga, 
natação de recreação, etc.)? 

Sim    1          Não   2 

“Não”, avance para H1a 

P14 
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41 

Durante uma semana normal 
e no tempo livre que dispõe, 
em quantos dias efetua 
atividades desportivas de 
intensidade moderada? 

Número de dias   └─┘ P15 

42 

No tempo livre que dispõe 
num dia normal, quanto 
tempo passa em atividade 
desportiva de intensidade 
moderada? 

Horas : minutos         └─┴─┘: └─┴─┘ P16 
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HISTORIAL CLÍNICO 

Nas questões assinaladas com um *, coloque um “F” à frente da resposta afirmativa, caso 
algum dos pais ou irmãos de sangue, tenha sido diagnosticado com o que lhe é questionado. 

43* 

Algum médico, ou outro 
profissional de saúde, o 
alertaram para o facto de ter a 
tensão arterial elevada, ou 
hipertensão arterial?  

Sim     1                         Não     2 

(Casos nos familiares referidos, indique com um F) 
H1a 

44 

Nos últimos 12 meses, 
algum médico ou outro 
profissional de saúde, o 
alertaram para o facto de ter 
tensão arterial elevada / 
hipertensão? 

Sim     1                         Não     2 H1b 

45 

Atualmente recebe algum 
tipo de tratamento, prescrito 
por um médico ou outro 
profissional de saúde, 
provocado por elevada tensão 
arterial? 

Sim     1                         Não     2 H1c 

46* É diabético? 

Não 1 Sim. Tipo I 2 

H2a Sim. Tipo II 3 Sim. Gestacional 4 

(Casos nos familiares referidos, indique com um F) 

47* 

Algum médico, ou outro 
profissional de saúde, o 
alertaram para o facto de ter 
um elevado nível de glicose 
no sangue?  

Sim     1                         Não     2 

“Não”, avance para H3a 

(Casos nos familiares referidos, indique com um F) 

H2b 

48 

Nos últimos 12 meses, 
algum médico ou outro 
profissional de saúde, o 
alertaram para o facto de ter 
um elevado nível de glicose no 
sangue? 

Sim     1                         Não     2 H2c 

49 

Atualmente recebe algum 
tipo de tratamento, prescrito 
por um médico ou outro 
profissional de saúde, 
provocado por elevado nível 
de glicose? 

Sim     1                         Não     2 H2d 

50* 

Algum médico, ou outro 
profissional de saúde, o 
alertaram para o facto de ter 
um elevado nível de 
colesterol no sangue?  

Sim     1                         Não     2 

“Não”, avance para H4 

(Casos nos familiares referidos, indique com um F) 

H3a 



CXCII 

 

51 

Nos últimos 12 meses, algum 
médico ou outro profissional 
de saúde, o alertaram para o 
facto de ter um elevado nível 
de colesterol no sangue? 

Sim     1                         Não     2 H3b 

52 

Atualmente recebe algum 
tipo de tratamento, prescrito 
por um médico ou outro 
profissional de saúde, 
provocado por elevado nível 
de colesterol? 

Sim     1                         Não     2 H3c 

CANCRO  

Nas questões assinaladas com um *, coloque um “F” à frente da resposta afirmativa, caso 
algum dos pais ou irmãos de sangue, tenha sido diagnosticado com o que lhe é questionado.  

53* 
Foi (a si ou a um dos 
familiares referidos) detetado 
algum tipo de cancro?  

Sim     1                         Não     2 

“Sim”, indique qual              “Não”, avance para H4 

(Casos nos familiares referidos, indique abaixo com um F) 

H4 

54* 

Lábios (cav. Oral) 3 Nasofaringe 4 Laringe 5 

H4a 

Traqueia 6 Brônquios 7 Pulmões 8 

Faringe 9 Esófago 10 Estômago 11 

Fígado/Vias 
biliares 

12 Vesícula Biliar 13 Pâncreas 14 

Tiroide 15 Sarcoma de Kaposi 16 Mama 17 

Útero 18 Colo do útero 19 Ovários 20 

Rim/Ureter/Pelve  21 Próstata 22 Testículos 23 

Bexiga 24 Reto 25 Colon 26 

Mieloma Múltiplo 27 Linfoma Hodgkin 28 
Linfoma  
(não Hodgkin) 

29 

Leucemia 30 Melanoma de pele 31 
Outro: 
_______________ 

55 

Em que fase lhe foi 
diagnosticado? 

Antes de ter iniciado a carreira desportiva 
federada 

1 

 

H5 

Durante a carreira desportiva federada 2 

Após o término da carreira desportiva 
federada 

3 

Para quem nunca praticou 
desporto federado 

Até aos 25 anos de idade 4 

Depois dos 25 anos de idade 5 
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Tem algum tipo de dor 
crónica/patologia nas 
articulações e/ou músculos? 

Sim     1                         Não     2 

“Sim”, indique qual               “Não” ,avance para J1 
H6a 

56 

Ombro 2 Joelhos 3 

H6b 

Lombalgia 4 Cotovelos 5 

Tornozelos 6 Pulsos 7 

Gota 8 Rigidez Articular 9 

Ciática 10 Bursite 11 

Tendinite 12 Hérnia 13 

Outro: _______________________________ 

57 

Em que fase lhe foi 
diagnosticado? 

Antes de ter iniciado a carreira 
desportiva federada 

1 

 

H6c 

Durante a carreira desportiva federada 2 

Após o término da carreira desportiva 
federada 

3 

Para quem nunca praticou 
desporto federado 

Até aos 25 anos de idade 4 

Depois dos 25 anos de idade 5 

DOENÇAS CARDIOVASCULARES  

Nas questões assinaladas com um *, coloque um “F” à frente da resposta afirmativa, caso 
algum dos pais ou irmãos de sangue, tenha sido diagnosticado com o que lhe é questionado. 

58* 

Foi (a si ou a um dos 
familiares referidos) 
diagnosticado algum tipo de 
doença cardiovascular?  

Sim     1                         Não     2 

“Sim”, indique qual                   “Não”, avance para K1 

(Casos nos familiares referidos, indique abaixo com um F) 

J1 

59* 

Aterosclerose 3 Cardiopatia Reumática 4 

J2 
Embolia Pulmonar 5 Doença Arterial Periférica 6 

Trombose Arterial (AVC) ou Venosa 7 Infarto Agudo do Miocárdio 8 

Outra: ________________________    

60 

Em que fase lhe foi 
diagnosticado? 

Antes de ter iniciado a carreira 
desportiva federada 1 

J3 

Durante a carreira desportiva federada 2 

Após o término da carreira desportiva 
federada 3 

Para quem nunca praticou 
desporto federado 

Até aos 25 anos de idade 4 

Depois dos 25 anos de idade 5 
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DOENÇAS RESPIRATÓRIAS  

Nas questões assinaladas com um *, coloque um “F” à frente da resposta afirmativa, caso 
algum dos pais ou irmãos de sangue, tenha sido diagnosticado com o que lhe é questionado. 

61* 

Foi (a si ou a um dos 
familiares referidos) 
diagnosticado algum tipo 
de doença respiratória?  

Sim     1                         Não     2 

“Sim”, indique qual *                   “Não”, avance para K5 

(Casos nos familiares referidos, indique abaixo com um F) 

K1 

62* 

Asma 1 Doença Pulmonar Obstrutiva Crónica (DPOC) 2 

K2 

Outra: _________________________ 

63 

Em que fase lhe foi 
diagnosticado? 

Antes de ter iniciado a carreira desportiva 
federada 1 

 

K3 

 

Durante a carreira desportiva federada 2 

Após o término da carreira desportiva 
federada 3 

Para quem nunca praticou 
desporto federado 

Até aos 25 anos de idade 4 

Depois dos 25 anos de idade 5 

64 

Atualmente recebe algum 
tipo de tratamento, 
prescrito por um médico ou 
outro profissional de saúde, 
provocado pela doença 
respiratória mencionada? 

             Sim     1                         Não     2  K4 

Responda “Sim” ou “Não” à 
questão: Atualmente, quando 
realiza exercício físico ou 
atividades físicas vigorosas, é 
normal… 

Sim Não  

65 
… sibilar (produzir som 
agudo ao respirar)? 

1 2 K5 

66 … tossir? 1 2 K6 

67 … ter expetoração? 1 2 K7 

68 … sentir falta de ar? 1 2 K8 

69 
… sentir um aperto no 
peito? 

1 2 K9 
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FORO PSICOLÓGICO 

Assinale a resposta que mais se lhe adequa (1, 2, OU 3). 

Selecione a resposta que mais se 
lhe adequa 

Sim 
Mais ou 
menos 

Não  

70 Gosto de ser quem sou 1 2 3 M1 

71 
Não é fácil relacionarem-se 
comigo 

1 2 3 M2 

72 Desisto muito facilmente 1 2 3 M3 

73 
Tenho dificuldades de 
concentração 

1 2 3 M 

74 
Sinto-me confortável ao 
redor de outras pessoas 

1 2 3 M4 

Na passada semana sentiu: Nenhum (a) Algum (a) Muito (a)  

75 Dificuldade em dormir 1 2 3 M5 

76 Facilmente cansado 1 2 3 M6 

77 Deprimido ou triste 1 2 3 M7 

78 Nervosismo 1 2 3 M8 

 



CXCVI 

 

 

MEDIDAS FÍSICAS 

PESO E ALTURA (Para exemplos, consultar imagens e descrição) 

Deverá medir-se e pesar-se, descalço. Na medição da sua altura, encoste as costas a uma 
parede e olhe em frente, devendo a medição propriamente dita, ser efetuada por uma 
segunda pessoa. 

79 Altura em Centímetros (cm)     └─┴─┴─┘. └─┘ Q1 

80 Peso  em Quilogramas (kg)     └─┴─┴─┘. └─┘ Q2 

81 Para Mulheres: Está grávida? 
Sim     1                         Não     2 

 “Sim”, avance para Q5 
Q3 

PERÍMETRO ABDOMINAL (Para exemplos, consultar imagens e descrição) 

Medição a ser efetuada sem roupa, isto é, diretamente sobre a pele, a meio caminho entre a 
última costela e a parte superior do osso ilíaco. 

82 Perímetro da Cintura  
em Centímetros (cm)      └─┴─┴─┘.└─┘ 

Q4 

TENSÃO ARTERIAL 

Caso não tencione deslocar-se a um dos nossos laboratórios, efetue a medição da tensão 
arterial na farmácia mais próxima. 

83 Sistólica (mmHg) 

Diastólica (mmHg) 

└─┴─┴─┘ 

Q5 

 └─┴─┴─┘ 

84 
Nas últimas 2 semanas tomou 
alguma medicação, por possuir 
a tensão arterial alta?  

Sim     1                         Não     2 Q7 
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MEDIDAS BIOQUÍMICAS  

Indique os valores das análises feitas nos nossos laboratórios; ou de análises 
realizadas em laboratório, há menos de 12 meses. 

GLICEMIA 

85 

Glicose em jejum 

De acordo com o constante nas 
suas análises, indique os 
valores em mmol/l OU mg/dl 

mmol/l                   └─┴─┴─┘.└─┘ 

 V1 

mg/dl                     └─┴─┴─┘.└─┘ 

86 

Hoje, administrou insulina ou 
outro medicamento, pelo facto 
de ter um alto nível de glicose 
no sangue? 

Sim     1                         Não     2 V2 

COLESTEROL 

87 

Colesterol Total 

De acordo com o constante nas 
suas análises, indique os 
valores em mmol/l OU mg/dl 

mmol/l                   └─┴─┴─┘.└─┘ 

 V3 

mg/dl                     └─┴─┴─┘.└─┘ 

88 

Durante as 2 últimas semanas, 
tomou alguma medicação, pelo 
facto de ter um alto nível de 
colesterol no sangue? 

Sim     1                         Não     2 V4 

TRIGLICERÍDEOS E COLESTEROL HDL/LDL 

Colesterol HDL - Lipoproteína de alta densidade; Colesterol LDL - Lipoproteína de baixa 
densidade 

89 

Triglicerídeos 

De acordo com o constante nas 
suas análises, indique os 
valores em mmol/l OU mg/dl 

mmol/l                   └─┴─┴─┘.└─┘ 

 V5 

mg/dl                     └─┴─┴─┘.└─┘ 

90 

Colesterol HDL 

De acordo com o constante nas 
suas análises, indique os 
valores em mmol/l OU mg/dl 

mmol/l                   └─┴─┴─┘.└─┘ 

 V6 

mg/dl                     └─┴─┴─┘.└─┘ 

91 

Colesterol LDL 

De acordo com o constante nas 
suas análises, indique os 
valores em mmol/l OU mg/dl 

mmol/l                   └─┴─┴─┘.└─┘ 

 V7 

mg/dl                     └─┴─┴─┘.└─┘ 
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