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CHAPTER 1 
 

General introduction 
 

∞ 
 

Long-term Health Considerations Elite Athletes 
 

As average life expectancy rises, so does the number of people living 
with age-associated chronic diseases and reduced health-related quality of 
life (QOL).1 Long-term health, and related functional independence, is an 
increasingly important issue in modern society. However, in sports medicine 
research, long-term health issues have been mostly overlooked to date, and 
thus, little is known about post-career health in elite athletes and how to 
improve it. This is an important gap in the literature, as it is known that 
certain sport-related injuries may predispose elite athletes to adverse long-
term outcomes.2 3 

 

An issue whose time has come 
The paucity of research on the topic of long-term health issues in elite 

athletes may be partly due to the numerous beneficial effects of physical 
activity on health outcomes in the general population4 and reports 
suggesting an overall higher quality of life and lower all-cause mortality in 
elite athletes.5 6 However, when analysing longevity and mortality data of 
elite athletes stratified by sport and disease, these beneficial outcomes are 
largely driven by the higher life expectancy and lower morbidity of those 
competing in endurance sports. Disease-specific adverse health effects are, 
in contrast, observed in elite athletes from other sport disciplines.7 8 
Specifically, an increased risk or earlier onset of osteoarthritis (OA)9-11 and 
various neurodegenerative diseases have been described in retired or 
deceased contact sport athletes.12-17  

While these findings mainly concern athletes that retired from elite-level 
sports, adverse long-term health consequences of sport-related injuries may 
extend to the much larger population of former collegiate-level athletes.18 19 
Therefore, the suggested earlier onset of long-term health conditions is of 
concern from both an individual athlete’s as well as a societal perspective. 
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Next to elongating the time lived in poor health, morbidity may be 
particularly burdensome for younger adults, especially former athletes, who 
still have high demands and expectations regarding their level of physical 
activity and work capacity.1 3 In addition, elongated morbidity unequivocally 
affects healthcare costs in this population. Considering that life-expectancy 
is constantly rising, the need to address these issues is imminent. Studies in 
retired athletes have the potential to aid in this undertaking by identifying 
areas of concern and (modifiable) risk factors. Knowledge gained may yield 
important cues for the development and implementation of prevention 
strategies that can improve long-term health outcomes in retired athletes. 

 
 

Health in Retired Football Players 
 

While football (soccer) is arguably the most popular sport in the world, 
research on the topic of long-term health to date has mainly focused on 
retired American football players.2 18 This is an important shortcoming as 
differences in playing dynamics, game demands and injury epidemiology 
may well lead to different long-term outcomes. 

 
Musculoskeletal health 

Among the few studies that have investigated long-term health in retired 
football players, most were focused on OA and conducted in male players 
only.10 Reported prevalences of OA among retired male players range 
between 14% and 80%.20-22 Compared to the general population, male 
players aged 59 years on average have a two to three times higher risk for 
current knee pain, radiographic knee OA and total knee replacement.9 11 
Relative risk of radiographic knee OA was particularly high in the younger 
age groups, with over half of 45 to 55 year old football players reporting 
knee OA, compared to under 10% of controls.11 These risk increases are 
mainly attributed to the high incidence of severe knee injuries in football, 
however, several studies found uninjured players to also have an increased 
risk of developing the disease.11 23 OA diagnosis in former players is 
associated with a significantly lower quality of life, particularly regarding pain 
and mobility, however, psychosocial wellbeing is also affected.24 The only 
study conducted in retired female football players assessed OA outcomes 12 
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years after anterior cruciate ligament (ACL) injury in a cohort aged 30 years 
on average.25 The authors found that half of all players had radiographic 
knee OA; a 10% higher prevalence when compared to male players 14 years 
after ACL injury.26 This is an astonishingly high prevalence and early onset 
of chondral degeneration. Given the substantial incidence of severe knee 
injuries in football, and in female players in particular, the burden of OA 
among former players is arguably extensive.27 28 However, overall prevalence 
rates of OA in retired female football players are currently unknown, as are 
sport-specific and modifiable risk factors. In light of the increasing 
acknowledgement that early intervention is crucial,29 research in this area 
affords the opportunity to significantly improve and delay OA burden in 
this young population. 

 
Cognitive health 

Cognitive impairment is another potential long-term health effect after 
career in contact sport. Long-term cognitive health has received startling 
media and research attention over the past decade. Studies mainly conducted 
with retired or deceased American football players suggest an increased risk 
and earlier onset of various neurodegenerative diseases and psychiatric 
disorders, declines in neurocognitive performance, and neuroimaging 
abnormalities.2 These adverse brain health effects are hypothesised to be 
caused by exposure to concussions and repetitive subconcussive head 
impacts (RSHI). While concussions are less frequent in football (soccer) 
than in American football, football (soccer) players are also regularly 
exposed to RSHI, due to the specific skill of heading. However, to date only 
six studies on the topic were conducted in retired professional football 
players, of which none included women.15 30-34 Koerte et al.30 31 found an 
association between RSHI and neuroinflammation as well as cortical 
thinning in a small sample of retired male football players (n=15; mean 
age=49). Further, an increased risk for ALS compared to general population 
values was reported by Chio et al.15 in a study involving medical records of 
7,325 male football players (5 ALS cases). In contrast, Vann Jones et al.34 
screened 92 male former professional football players aged 68 years on 
average for mild cognitive impairment or dementia and reported that the 
prevalence falls in line with general population values. Similarly, a study 
assessing a representative sample of Swiss ALS patients found that the 
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prevalence of playing football/ice hockey or having incurred a previous head 
injury was not increased relative to population norms.35 Turning to studies 
focussing on deceased players, seven cases of suspected Chronic Traumatic 
Encephalopathy (CTE) have been reported in the literature to date.36 
Additionally, a large recent death record study found former football players 
to have a higher mortality from neurodegenerative diseases than matched 
controls.17 

 
 

A Need for Stronger Research 
 

Some of the studies described above suggest that a career in contact 
sport, and more specifically elite football, may have serious long-term health 
consequences. However, particularly results of studies on long-term 
cognitive health need to be interpreted carefully due to methodological 
limitations; these include very small sample sizes or very few observed cases, 
inappropriate control groups, selection bias and recall bias owing to 
retrospective research designs. In sum, current evidence on the topic is 
mixed, limited and likely not generalizable to the female athlete population. 

 
 

Health in Retired Female Athletes 
 

The paucity of research in retired female athletes implies a lack of 
diversity in studied populations not only with regards to different sports but 
also with regards to sex. Given that there are definite sex-differences in 
anatomy and physiology as well as injury profiles and recovery trajectories, 
it is unlikely that results derived from studies in retired male athletes can be 
generalised to the retired female athlete population. In the context of knee 
osteoarthritis, particularly the higher incidence of ACL injuries is of concern. 
A recent meta-analysis reported that female athletes have a 1.5 times greater 
injury risk compared to male athletes28 and additionally, also a higher re-
injury risk.37 Whether there are sex-differences with regards to concussion 
incidence is less clear. While some authors found female athletes to incur 
more concussions than male athletes of the same sport,38 39 others did not.40 

41 Further, there are studies suggesting that female athletes may take longer 
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to recover from concussions42 43 and that they may also be more vulnerable 
to the effects of RSHI.44 45 

As outlined above, research in retired elite female athletes is scarce. With 
regards to general health outcomes, one study reported an overall reduced 
mortality among female French Olympians46 and another showed that 
collegiate sport participation is associated with health benefits such as 
decreased risk of hypertension, hypercholesterolemia, and obesity.19 
However, analysis of quality of life measures revealed that female former 
collegiate athletes also reported decreased mobility scores compared to 
nonathlete alumni.19 The authors hypothesised that this may reflect the long-
term consequences of sport-related injuries. Finally, in line with what is 
known about health in active football players, two studies in retired female 
football players found severe injury to be one of the main reasons for 
retirement (23-30% of players).47 48 More than a quarter of female players 
were bothered by injuries or physical complaints in the first two years after 
retirement and previous injuries were also associated with higher depression 
scores during this period.48 

 
 

Thesis Objective and Outline 
 

Overall, there are strong arguments for the hypothesis that long-term 
health outcomes observed in male athletes may be different or exacerbated 
in female athletes, and that more research in retired female athletes is 
urgently needed to advance knowledge in this field. Consequently, the aim 
of this PhD thesis was to assess the prevalence of long-term musculoskeletal 
and cognitive health problems and associated risk factors in retired elite 
female football players.  

Chapter 2 describes an exploratory cross-sectional survey of long-term 
musculoskeletal health problems and risk factors in former elite female 
football players from Germany. This studies’ aim was to give direction to a 
subsequent detailed clinical investigation of adverse health outcomes in this 
population. 

Chapter 3 contains a detailed clinical investigation of long-term knee 
health in a subgroup of participants contacted in the cross-sectional 
investigation of chapter 2. Self-reported knee OA symptoms as well as MRI 
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data were obtained and interpreted in relation to information on previous 
injuries and other (modifiable) risk factors. 

Chapter 4 is a systematic literature review and meta-analysis on the 
epidemiology of head injuries, particularly concussions, in football and other 
team contact sports. The reviews’ aim was to explore the burden of the head 
injury problem in football compared to other contact sports and to assess 
whether sex is a moderator for concussion incidence. 

Chapter 5 outlines neurocognitive performance in active elite male and 
female football players from Switzerland as compared to normative data 
from the general population. The hypothesis of the study was that elite 
football players would outperform the norm sample, and was conducted to 
(a) provide normative data for practitioners to be used for neurocognitive 
assessment of concussed elite athletes and (b) to emphasise the importance 
of appropriate control groups when evaluating possible adverse effects of 
contact sport on neurocognitive performance. 

Chapter 6 is the result of a multi-centre study entitled “Head in the Game” 
conducted in Germany and the Netherlands. Neurocognitive performance, 
self-reported cognitive symptoms and mental health outcomes were 
compared between retired female football players and a sex- and age-
matched control group of retired non-contact sport athletes. 

Chapter 7 explores the hypothesis that female football players might show 
an accelerated age-related cognitive decline compared to the general 
population, due to their high exposure to concussions and RSHI. In order 
to test this hypothesis data collected in chapters 5 and 6 was collated and re-
analysed. 

Chapter 8 summarizes the main results from chapters 2 to 7 and reviews 
current knowledge on long-term health in female football players in light of 
the new findings. Methodological issues, directions for future research and 
practical implications are discussed. 
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