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ABSTRACT 

Ravi, Suvi 
Low energy availability-related conditions in female athletes: Prevalence rates 
and relationships with health, injuries, and the sports career 
Jyväskylä: University of Jyväskylä, 2023, 153 p. + original articles 
(JYU Dissertations 
ISSN 2489-9003; 660) 
ISBN 978-951-39-9648-2 (PDF) 

Physical activity provides many health benefits, but some female athletes suffer 
from problems related to eating and menstrual function. This dissertation study 
investigated the prevalence of low energy availability (EA)-related conditions, 
such as clinical and subclinical eating problems, body weight perceptions, and 
menstrual dysfunction (MD), among Finnish female athletes and evaluated 
whether athletes and non-athletes or athletes of different ages and those 
competing at different levels and sports differ from each other regarding these 
issues. Furthermore, this study explored the associations of low EA-related 
conditions and age at menarche with injuries, sports career, and health. 

Data were drawn from four research projects: the Finnish Health Promoting 
Sports Club study baseline (n=283) and follow-up (n=211) studies, the Estrogenic 
Regulation of Muscle Apoptosis study (n=1098), the Female Athlete 2.0 study 
(n=846), and the Menstrual Function, Eating Attitudes, Body Image, and a Sports 
Career study (n=198). Participants were 14- to 55-year-old female athletes and 
non-athletes. Data on menstrual function, eating attitudes, and body weight 
perceptions were measured using questionnaires. 

The prevalence rates of eating disorders, disordered eating behaviors, body 
weight dissatisfaction, and MD in athletes varied between 7–18%, 16–25%, 18–
24%, and 18–39%, respectively, depending on the data used. MD was more 
common in athletes than in non-athletes. Athletes did not differ from non-
athletes in terms of eating problems, but body weight dissatisfaction was more 
common in non-athletes. Participation in endurance, weight class, jumping, and 
aesthetic sports was associated with an increased risk of eating problems and MD. 
A younger age was associated with higher rates of MD. Later age at menarche 
was associated with a healthier midlife body composition, but also a lower bone 
mineral density. Problems with eating behavior were associated with a higher 
risk of injury and a shorter sports career, while MD, specifically secondary 
amenorrhea, was associated with higher rates of injury-related harm during the 
sports career and career termination due to injury. 

It is crucial to recognize the high rates of low EA-related conditions in 
female athletes. Athletes and those working with them should be aware of the 
negative link of low EA-related conditions to health and the sports career.  

Keywords: athletes, eating behavior, menstruation disturbances, athletic injuries 



TIIVISTELMÄ (ABSTRACT IN FINNISH) 

Ravi, Suvi  
Alhaiseen energiansaatavuuteen liittyvät tilat naisurheilijoilla: Esiintyvyys ja 
yhteydet terveyteen, vammoihin ja urheilu-uraan  
Jyväskylä: Jyväskylän yliopisto, 2023, 153 s. + alkuperäisartikkelit 
(JYU Dissertations 
ISSN 2489-9003; 660) 
ISBN 978-951-39-9648-2 (PDF) 

Liikunnalla on monia terveyshyötyjä, mutta osalla naisurheilijoista esiintyy 
syömiseen ja kuukautiskiertoon liittyviä haasteita. Tämä väitöskirjatutkimus 
selvitti alhaiseen energiansaatavuuteen liittyvien tilojen (syömisen haasteet, 
kehon painoon liittyvät käsitykset ja kuukautiskierron häiriöt) esiintyvyyttä ja 
sitä, eroavatko urheilijat ja ei-urheilijat tai eri-ikäiset, eri tasoilla ja eri 
lajityypeissä kilpailevat urheilijat toisistaan näiden tilojen esiintyvyydessä. 
Lisäksi tutkittiin alhaiseen energiansaatavuuteen liittyvien tilojen ja 
kuukautisten alkamisiän yhteyttä vammoihin, urheilu-uraan ja terveyteen.  

Tutkimuksessa hyödynnettiin neljän tutkimusprojektin aineistoa: Terveyttä 
edistävä liikuntaseura -tutkimuksen ensimmäisen ja toisen mittauskerran 
aineistoa (n = 283 ja n = 211), Estrogeeni, vaihdevuodet ja toimintakyky -aineistoa 
(n = 1098), Naisurheilija 2.0 -aineistoa (n = 846) sekä Kuukautiskierron häiriöiden 
sekä syömiseen ja kehonkuvaan liittyvien asenteiden yhteys urheilu-uraan -
aineistoa (n = 198). Tutkittavat olivat 14–55-vuotiaita urheilijoita ja ei-urheilijoita. 
Kuukautiskiertoon ja syömiseen liittyvät tiedot kerättiin kyselylomakkeilla. 

Syömishäiriöiden esiintyvyys urheilijoilla oli aineistosta riippuen 7–18 % ja 
häiriintyneen syömiskäyttäytymisen esiintyvyys 16–25 %. Tyytymättömyyttä 
kehon painoon esiintyi 18–24 %:lla ja kuukautishäiriöitä 18–39 %:lla urheilijoista. 
Kuukautishäiriöt olivat yleisempiä urheilijoilla kuin ei-urheilijoilla, mutta 
ryhmät eivät eronneet toisistaan syömisen haasteiden suhteen. Tyytymättömyys 
kehon painoon oli yleisempää ei-urheilijoilla. Kestävyys-, painoluokka- ja 
hyppylajien sekä esteettisten lajien urheilijoilla esiintyi enemmän syömisen ja 
kuukautiskierron häiriöitä kuin muilla urheilijoilla. Nuorempi ikä oli yhteydessä 
korkeampaan kuukautishäiriöiden esiintyvyyteen. Myöhäisempi kuukautisten 
alkamisikä yhdistyi alhaisempaan kehon rasvamassan määrään keski-iässä, 
mutta myös alhaisempaan luuntiheyteen. Syömisen haasteet olivat yhteydessä 
suurempaan vammojen ilmaantuvuuteen ja lyhyempään urheilu-uraan. 
Kuukautisten poisjääminen urheilu-uran aikana oli yhteydessä suurempaan 
vammojen aiheuttamaan haittaan ja uran lopettamiseen vamman vuoksi. 

Syömisen ja kuukautiskierron haasteiden yleisyys naisurheilijoilla tulisi 
tunnistaa. Urheilijoiden ja heidän kanssaan toimivien ammattilaisten tulisi olla 
tietoisia näiden tilojen epäedullisesta yhteydestä terveyteen ja urheilu-uraan. 

Asiasanat: urheilijat, syömiskäyttäytyminen, kuukautishäiriöt, urheiluvammat 
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1 INTRODUCTION 

Female participation in sports has constantly increased over the last few decades. 
In 1976, 20% of the athletes participating in the Olympic Games were women, 
while the figure in 2020 was 48% (International Olympic Committee [IOC], 2021). 
In Finland, 32% of female upper secondary school students vs 45% of males par-
ticipated in activities organized by sports clubs in 2020, while a higher proportion 
of females (36%) than males (19%)  participated in activities organized by third 
companies (Kokko et al., 2021). 

While it is known that regular physical activity and sports participation are 
beneficial for females’ overall health (Booth et al., 2012; Ekelund et al., 2019; 
Poitras et al., 2016), some female athletes present with menstrual dysfunction 
(MD), such as absence of menstrual bleeding or long and irregular cycles 
(Mountjoy et al., 2014; Nattiv et al., 2007). This can be a result of low energy 
availability (EA), that is, inadequate energy intake in relation to exercise energy 
expenditure (Loucks et al., 2011). Low EA, in turn, can result from clinical eating 
disorder (ED), subclinical disordered eating (DE) behaviors, energy intake 
restriction without ED/DE, or inadvertent undereating (Williams et al., 2017).  

Some factors that are specific to the sports context are considered risk 
factors for ED/DE. These include assessment of body mass and composition, 
injuries and other events leading to time away from training, early specialization, 
weight cycling, pressures to change body weight or composition, and 
performance pressures (Arthur-Cameselle et al., 2017; Bratland-Sanda & 
Sundgot-Borgen, 2013; Sundgot-Borgen, 1994; K. R. Wells et al., 2020). In addition 
to these sports-specific risk factors, the internalization of a thin and fit body shape 
as the current societal standard of attractiveness in Western countries is causing 
pressures on many girls and women (Neighbors & Sobal, 2007; Stice & Shaw, 
2002; Thompson & Stice, 2001). This thin-ideal internalization and pressure to 
achieve or maintain certain body weight or shape can lead to body dissatisfaction, 
which is a well-known risk factor for ED/DE (Phelps et al., 1999; Rohde et al., 
2015; Stice & Shaw, 2002).  

In addition to MD, low EA can result in many other health and performance 
issues. The health problems related to low EA include, but are not limited to, 
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impairments in bone health, endothelial dysfunction, issues with growth and 
development in children and adolescents, and an increased risk of illnesses 
(Mountjoy et al., 2018). Additionally, low EA has been associated with an 
elevated injury risk (Mountjoy et al., 2018); however, the evidence regarding the 
association between low EA and non-bone injuries is somewhat conflicting. 
Moreover, the effects of problems in eating and menstrual function on a sports 
career have yet to be elucidated. 

The aim of this dissertation research was to explore the prevalence of low 
EA-related conditions (ED/DE, MD, and body weight dissatisfaction) in Finnish 
female athletes. Furthermore, the aim was to investigate whether athletes and 
non-athletes and athletes of different ages and those competing at different levels 
and engaging in different sport types differ from each other regarding the 
prevalence of these low EA-related conditions. The final aim of this dissertation 
was to investigate the association of age at menarche (AAM) and sports 
participation during adolescence with health-related physical fitness 
components and bone health in middle age, as well as the associations of low EA-
related conditions with injuries, health, and sports career. 



19 
 

2 REVIEW OF THE LITERATURE 

2.1 Energy needs of female athletes 

Adequate and appropriate nutrition is crucial for the health and performance of 
athletes (D. T. Thomas et al., 2016). The most important factor relating to nutrition 
in female athletes is sufficient energy intake and hydration (Holtzman & Acker-
man, 2021). However, humans have no strong biological drive to compensate for 
the energy expended through exercise by eating. Therefore, athletes should plan 
their eating based on their nutritional needs rather than relying solely on appetite 
(Loucks, 2013). Achieving a body composition that is optimal for peak perfor-
mance is challenging and needs to be carefully planned to prevent long-term 
health and performance issues (D. T. Thomas et al., 2016). 

2.1.1 Energy balance and energy availability 

When estimating the sufficiency of energy intake, the terms energy balance (EB) 
and energy availability (EA) are salient, with the latter being currently widely 
used in studies conducted on athletes. EB, used in the field of dietetics, is calcu-
lated as energy intake minus total energy expenditure, which consists of resting 
metabolic rate, dietary-induced thermogenesis, non-exercise activity thermogen-
esis, and exercise energy expenditure. In turn, EA, used in the field of exercise 
physiology, is calculated as energy intake minus exercise energy expenditure di-
vided by fat-free mass (FFM; Loucks et al., 2011; Nattiv et al., 2007). When EB is 
negative, energy intake is lower than energy expenditure, leading to the use of 
the body’s energy stores. Conversely, when EB is positive, energy is stored in the 
body’s energy stores (Loucks et al., 2011). EA in turn refers to the dietary energy 
remaining after exercise training for other metabolic processes in the body and 
can be seen as an input for the body’s physiological systems (Areta et al., 2021; 
Loucks et al., 2011). 
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In healthy young females, an EA of 45 kcal per kilogram of FFM or lean 
body mass (LBM) per day has been associated with EB (Loucks, 2013). However, 
EB provides no information on whether the body’s physiological processes are 
functioning at a healthy level (Loucks et al., 2011). In energy-deficient conditions, 
resting and non-resting energy expenditure decreases, a phenomenon called 
adaptive thermogenesis (Müller & Bosy-Westphal, 2013). This may result in a 
zero EB and a stable weight, while the body’s endocrine and metabolic systems 
function suboptimally (Areta et al., 2021). In contrast, the value of EA is unaf-
fected by adaptive thermogenesis as it only takes into account energy intake and 
exercise energy expenditure. Thus, it is a more useful concept when assessing the 
sufficiency of energy intake in athletes (Loucks et al., 2011). 

While the concept of EA may be simple in laboratory-based investigations, 
its assessment has some challenges in field-based settings. This is compounded 
by the lack of a gold standard method for measuring EA. Each component in the 
EA equation, i.e., energy intake, exercise energy expenditure, and FFM/LBM can 
be assessed in a number of ways and in different periods of assessments (Burke 
et al., 2018; Heikura et al., 2021). Moreover, measurements of these components 
of EA have substantial error rates (Burke et al., 2018). Briefly, energy intake is 
usually assessed via (weighted) dietary records (Burke et al., 2018), which are 
known to be prone to underreporting (and in some cases overreporting), as well 
as have difficulties in gaining a truthful picture of a long-term diet (Magkos & 
Yannakoulia, 2003). In studies calculating EA, exercise energy expenditure is 
usually assessed by heart rate monitors and training logs, accelerometers, or a 
combination of those (Burke et al., 2018); however, those methods can have sub-
stantial error rates (Murakami et al., 2016). Furthermore, there is no clear defini-
tion of what constitutes an exercise. As a result, different definitions have been 
used, ranging from purposeful exercise to all forms of physical activity (Burke et 
al., 2018). Finally, FFM/LBM can be assessed, for example, by dual-energy X-ray 
absorptiometry (DXA) or skinfold caliber (Heikura et al., 2021), but they require 
trained staff and may not be accessible to everyone. In addition, errors and dif-
ferences exist between different techniques and machines (Burke et al., 2018).  

It should also be emphasized that the definition of EA has evolved over time 
(Areta et al., 2021). At first, EA was defined as energy intake minus exercise 
energy expenditure relative to total body mass (Loucks & Callister, 1993). After 
that, it was noted that LBM was more relevant than fat mass with regard to EA, 
and thus, EA was reported relative to LBM (Loucks & Heath, 1994a, 1994b). 
Furthermore, the most current EA definition acknowledges that the value of 
exercise energy expenditure also includes the habitual energy expenditure (i.e., 
resting metabolic rate and non-exercise activity thermogenesis), which is 
subtracted from the exercise energy expenditure to assess the true energy cost of 
exercise (Areta et al., 2021; Loucks et al., 1998). These different formulas lead to 
different values of EA, thereby making the comparisons between studies 
challenging (Areta et al., 2021).  

Studies focusing on EA have also used FFM and LBM interchangeably. 
LBM is different from FFM, as lipids in cellular membranes, in the central 
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nervous system, and in bone marrows are included in LBM, but not in FFM. 
However, the difference is small because the lipids included in LBM in females 
consist only about 3% of the total body weight (Janmahasatian et al., 2005). Thus, 
it can be assumed that studies using FFM in the EA equation are comparable to 
those using LBM. 

Seminal work conducted by Dr. Loucks demonstrated that there is a specific 
threshold of EA (30 kcal/kg FFM/d) below which physiological functions are 
disturbed (Ihle & Loucks, 2004; Loucks & Heath, 1994a; Loucks & Thuma, 2003). 
Nevertheless, it has recently been suggested that no such strict threshold for EA 
exists (De Souza et al., 2019; Lieberman et al., 2018; Reed et al., 2015; Williams et 
al., 2015). In turn, it seems that there is individual variability in the level of EA at 
which the consequences of low EA exist, and no strict threshold that would apply 
to everyone exist (De Souza et al., 2019).   

Indeed, variables such as gynecological age (the difference between chron-
ological and menarcheal age), genetics, psychological factors, and within-day EB 
can explain individual variability in susceptibility to low EA (Fahrenholtz et al., 
2018; Williams et al., 2017). However, none of these factors have been widely 
studied in the low EA literature. Some evidence regarding the association be-
tween susceptibility to low EA and gynecological age was found in a study con-
ducted by Loucks (2006). This study indicated that luteinizing hormone (LH; dis-
cussed in section 2.2) pulse frequency was reduced and mean 24-h LH concen-
tration was suppressed as a result of low EA among women with 5–8 years of 
gynecological age, but not those with 14–18 years of gynecological age. It should 
be noted, however, that this was a short-term study with low EA treatment last-
ing only five days. Moreover, it has been suggested that genetic factors may ex-
plain why some individuals are more vulnerable to low EA than others (Williams 
et al., 2017).  

In addition to gynecological age and genetic factors, the role of psychologi-
cal factors in susceptibility to low EA has yet to be elucidated. The question is 
challenging to study as it is difficult to differentiate psychological stress from 
metabolic stress (i.e., stress caused by low EA) (Pauli & Berga, 2010; Williams et 
al., 2017). Thus, more research is required to better understand this issue (Wil-
liams et al., 2017). Finally, it has been shown that in athletes with similar daily 
EA, more time spent in negative EB within the day was associated with disrup-
tions in the menstrual cycle (Fahrenholtz et al., 2018). This indicates that within-
day energy deficiency would be more harmful to athletes than high meal fre-
quency regardless of similar daily EA. However, assessment of within-day EB is 
even more time consuming than assessment of daily EA.  

In summary, EA is the amount of energy remaining for physiological pro-
cesses after exercise training and is theoretically a rather simple concept for as-
sessing the sufficiency of energy in athletes. However, measuring EA in free-liv-
ing athletes requires resources and expertise and is susceptible to significant er-
rors (Burke et al., 2018; Heikura et al., 2021). In addition, there is individual var-
iation in the susceptibility to low EA. For these reasons, some scholars have sug-
gested that assessing signs of low EA (e.g., menstrual dysfunction; MD) and 
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using different questionnaires assessing, for example, eating behaviors would 
give a better estimation of a true EA than direct measurements of EA (De Souza 
et al., 2019; Heikura et al., 2018). 

2.1.2 Reasons for low energy availability in female athletes 

Athletes can have low EA for a variety of reasons. Some athletes have a clinical 
eating disorder (ED), some have ED symptoms without fulfilling the criteria of 
an ED (i.e., disordered eating, DE), some restrict their caloric intake without 
ED/DE, and some undereat inadvertently (Williams et al., 2017). Indeed, eating 
attitudes and habits can be seen as a continuum ranging from adequate energy 
intake and healthy body image to a clinical ED (Shisslak et al., 1995; Sundgot-
Borgen & Torstveit, 2010; K. R. Wells et al., 2020). In between, there are dieting 
behaviors ranging from healthy dieting (such as well-planned slow weight loss) 
to DE (Sundgot-Borgen & Torstveit, 2010). DE include pathogenic weight control 
methods, such as skipping meals, excessive exercise, laxative pill use, binge eat-
ing, and vomiting but do not meet the criteria of clinical EDs (Nattiv et al., 2007). 
An athlete can move back and forth on the continuum during the athletic career 
and between the seasons (K. R. Wells et al., 2020). 

2.1.2.1 Eating disorders and disordered eating behaviors 

EDs are serious mental disorders characterized by disrupted attitudes toward 
eating and body weight and shape (Treasure et al., 2020; World Health Organi-
zation [WHO], 2023). Two main international disease classifications have been 
used to classify EDs: the International Classification of Diseases and Related 
Health Problems (ICD) by the WHO and the Diagnostic and Statistical Manual 
of Mental Disorders (DSM) by the American Psychiatric Association. ED classifi-
cation has evolved over time and has been different in the ICD and DSM classi-
fication systems. The ICD 10th revision (ICD-10), released in 1992 (Hirsch et al., 
2016), has been criticized for being unsatisfactory as, for example, many patients 
do not fulfill the criteria of any specific ED and thus receive a diagnosis of “other” 
or “unspecified” ED (Uher & Rutter, 2012). Thus, many changes have been made 
to the diagnostic criteria of EDs in the ICD 11th revision (ICD-11). It is now better 
aligning with the DSM fifth edition (DSM-5) and seems to be more clinically use-
ful than the ICD-10 (Claudino et al., 2019).  

The most common EDs include anorexia nervosa, bulimia nervosa, and 
binge-eating disorder (BED) (Hay et al., 2023). The ICD-11 includes also feeding 
disorders (avoidant-restrictive food intake disorder (ARFID), pica (consumption 
of non-nutritive substances), and rumination-regurgitation disorder) and other 
specified feeding or eating disorders (OSFED; WHO, 2023). Anorexia nervosa is 
characterized by a fear of weight gain, a disturbed body image, and dietary 
restriction or other weight loss behaviors, such as purging or excessive physical 
activity (WHO, 2023; Zipfel et al., 2015). Bulimia nervosa is marked by episodes 
of binge eating and compensatory behaviors thereafter (T. D. Wade, 2019). BED 
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patients differ from bulimia nervosa patients with fewer compensatory behaviors, 
although they both share the purging tendency (Hilbert, 2019). 

In addition to the above-mentioned EDs, recent literature has discussed 
whether orthorexia nervosa should be included within the ED spectrum (Bartel 
et al., 2020; Cena et al., 2019; Donini et al., 2022; Strahler & Stark, 2020). Orthorexia 
nervosa is characterized with a pathological obsession with high-quality food as 
well as rigid and inflexible rules pertaining to nutrition (Bartel et al., 2020; Donini 
et al., 2022). It differs from other EDs in that individuals with orthorexia nervosa 
typically do not have body image disturbances or fear of weight gain, and they 
focus on the quality rather than the quantity of food (Bhattacharya et al., 2022). 
However, as is the case in clinical EDs, also orthorexia nervosa is associated with 
impaired physical and mental health and decreased quality of life (Donini et al., 
2022). Orthorexia nervosa may coexist with other EDs or lead to a development 
of a clinical ED (Donini et al., 2022).  

EDs are associated with increased mortality and morbidity and decreased 
quality of life (Pohjolainen et al., 2016; van Eeden et al., 2021; van Hoeken & Hoek, 
2020), although a recent investigation suggests that the mortality risk may not be 
higher than in other mental disorders (Tuohisto-Kokko et al., 2023). However, 
readmission rates seem to be higher among patients with ED treated in inpatient 
care than among those treated because of other mental disorders (Tuohisto-
Kokko et al., 2023). EDs also have a high comorbidity burden. Over 70% of 
patients with ED report comorbidity, such as anxiety, mood and personality 
disorders, substance use, or posttraumatic stress disorder (Keski-Rahkonen & 
Mustelin, 2016; Udo & Grilo, 2019). In addition, EDs have been associated with 
somatic diseases. For example, anorexia nervosa, bulimia nervosa, and OSFED 
have been linked with autoimmune diseases (e.g., type 1 diabetes and celiac 
disease) with a bidirectional association, such that autoimmune disease increases 
the risk of subsequent ED, and ED in turn increases the risk of subsequent 
autoimmune disease (Hedman et al., 2019). Moreover, anorexia nervosa has been 
associated with fibromyalgia, cancer, anemia, and osteoporosis (Udo & Grilo, 
2019), and BED with obesity, type 2 diabetes, hypertension, high cholesterol, and 
triglycerides (Keski-Rahkonen & Mustelin, 2016; Mustelin et al., 2015; Udo & 
Grilo, 2019).  

The etiology behind ED is multifactorial. Genes play a role in the 
development of the disease (Bulik et al., 2016, 2022; Trace et al., 2013); however, 
genes alone do not predict who will suffer from an ED (Schaumberg et al., 2017). 
Instead, there is an interplay between genetic and environmental factors behind 
the development of an ED and it is probable that genetic factors may explain why 
some individuals will get affected and some do not when they experience the 
same environmental triggers (Bulik et al., 2016; Schaumberg et al., 2017; Trace et 
al., 2013). Risk factors of ED can be divided into predisposing factors, 
precipitating factors, and perpetuating factors (Bratland-Sanda & Sundgot-
Borgen, 2013; Treasure et al., 2020) as well as into biological, psychological, 
psychosocial, and behavioral factors (Treasure et al., 2020). Biological factors 
include, for example, genetics and female gender along with obsessive-
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compulsive or autistic spectrum traits in restrictive-type EDs. Examples of 
psychological factors include body dissatisfaction and alexithymia (difficulty to 
identify emotions experienced by oneself or others) as well as some personality 
traits such as perfectionism, rigidity, and attention to detail in restrictive-type 
EDs and attention-deficit hyperactivity disorder (ADHD) traits in bulimic 
spectrum EDs. In addition, psychosocial factors include bullying, trauma, and 
thin-ideal internalization, and behavioral factors, for example, social isolation, 
weight control behaviors, and coping by avoidance or perfectionism (Bratland-
Sanda & Sundgot-Borgen, 2013; Treasure et al., 2020; K. R. Wells et al., 2020).  

Some risk factors are specific to the sports context, and it has been suggested 
that risk factors may be partly different between athletes and their non-athletic 
peers (Arthur-Cameselle et al., 2017). Sports-specific risk factors include coaching 
behavior, assessment of body mass and composition, injuries, illnesses, and other 
events leading to time away from training, early specialization, weight cycling, 
pressures to change body weight or composition, rules and regulations, 
performance pressures, teammate modeling of ED behaviors, and loss of coach 
(Arthur-Cameselle et al., 2017; Bratland-Sanda & Sundgot-Borgen, 2013; K. R. 
Wells et al., 2020). 

Typically, girls and women are regarded as being more at risk of ED than 
boys and men in the general population (Striegel-Moore & Bulik, 2007; Weissman, 
2019) and also in athletes (Bratland-Sanda & Sundgot-Borgen, 2013; Giel et al., 
2016). The typical age of onset of an ED is in adolescence or early adulthood, 
although ED can begin before puberty or not until late adulthood (Schaumberg 
et al., 2017). While research regarding ED outside the typical age range is limited, 
there is evidence that late-onset EDs might be associated with less severe 
symptoms than EDs with the typical age of onset (Bueno et al., 2014). It has been 
shown that divorce, health issues, and menopause may increase the susceptibility 
to recurrence or onset of ED in middle-aged and older women (Kally & Cumella, 
2008; Peat et al., 2008). 

While EDs are severe illnesses affecting many athletes (e.g., Bratland-Sanda 
& Sundgot-Borgen, 2013), DE behaviors are even more common among athletes 
than clinical EDs (Reardon et al., 2019; K. R. Wells et al., 2020). ED behaviors can 
be defined as disturbed eating patterns that do not fulfill the criteria of clinical 
EDs and can include, for example, restrictive diets and pathogenic behaviors 
used to control weight, such as purging or excessive exercise (Reardon et al., 2019; 
K. R. Wells et al., 2020). While the health risks are more severe with regard to ED, 
DE can also result in health and performance problems (K. R. Wells et al., 2020). 
Furthermore, dieting and DE behaviors can lead to a clinical ED (Nattiv et al., 
2007; K. R. Wells et al., 2020). 

One commonly identified risk factor for ED/DE is body dissatisfaction, that 
is, negative subjective judgments of one’s physical body (Phelps et al., 1999; 
Rohde et al., 2015; Stice & Shaw, 2002). The prevalence of body dissatisfaction in 
U.S. women is reported to range from 11% to 72% (Fiske et al., 2014). Indeed, 
some scholars have even suggested that body dissatisfaction is so common that 
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there is a “normative discontent” of body image (Matthiasdottir et al., 2012; 
Tantleff-Dunn et al., 2011).  

A specific form of body dissatisfaction is body shape and body weight 
dissatisfaction, which refer to the discrepancy between current and idealized 
body shape and weight, respectively (Neighbors & Sobal, 2007). In Western 
countries, a thin and fit body shape is internalized as current societal standards 
of attractiveness and pursuing this body shape is placing pressure on many girls 
and women (Neighbors & Sobal, 2007; Schaefer et al., 2019; Stice & Shaw, 2002; 
Thompson & Stice, 2001). It has also been reported that a remarkable proportion 
of normal-weight women misclassify themselves as overweight and are trying to 
lose weight, indicating problems with body weight satisfaction (Chang & 
Christakis, 2003; Lowry et al., 2000; Matthiasdottir et al., 2012; Neighbors & Sobal, 
2007).  

The lifetime prevalence of clinical EDs among females in the general 
population is reported to be about 3–8% (Hay et al., 2023). However, it is probable 
that a significant portion of ED cases remain undetected in healthcare (Silén et al., 
2021). Among female athletes, the ED prevalence rates are somewhat elusive and 
differ depending on the population studied and the assessment methods used 
(Bratland-Sanda & Sundgot-Borgen, 2013). However, some evidence shows that 
eating pathologies, including clinical EDs and subclinical DE behaviors, are more 
common among athletes than among non-athletes (Byrne & McLean, 2002; 
Martinsen & Sundgot-Borgen, 2013; Sundgot-Borgen & Torstveit, 2004; Torstveit 
et al., 2008). Nevertheless, there are also contradictory findings showing that 
problems with eating are more common in non-athletes than in athletes 
(Martinsen et al., 2010; Rosendahl et al., 2009). The evidence seems more 
consistent with the ED/DE risk being higher in sports that emphasize leanness, 
i.e., in endurance, gravitational, aesthetic, and weight-class sports (Mountjoy et 
al., 2018; Nattiv et al., 2007). It has also been suggested that characteristics 
associated with the development of ED may lead an individual to choose an 
athletic career (Schaumberg et al., 2017). However, more research is needed to 
confirm this.  

2.1.2.2 Undereating without an eating disorder/disordered eating 

Athletes can also undereat without presenting ED/DE. One cause for low EA 
without ED/DE is purposeful weight loss without signs of DE (De Souza et al., 
2014). An athlete can start dieting because of perceived performance improve-
ments; however, it is possible that these weight loss habits will lead to ED/DE at 
least when these are conducted without proper supervision (Loucks, 2013; 
Sundgot-Borgen, 1994).  

Another reason for undereating without ED/DE is inadvertent undereating 
(De Souza et al., 2014), which is characterized by the absence of conscious 
restriction of energy intake, but energy needs still do not meet energy 
requirements (Williams et al., 2017). The prevalence of this phenomenon and its 
contribution to low EA in athletes is currently unclear. It has been suggested that 
the practical and logistic challenges experienced by athletes can be one 
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explanation for inadvertent undereating (Williams et al., 2017). These may 
include, for example, lack of time, financial challenges, or access to appropriate 
meals during the day away from home or when traveling (Heaney et al., 2008).  
Another possibility is an emphasis on healthy eating, such as preferring low-
energy-dense foods with high fiber and low fat content or avoiding 
carbohydrate-rich foods. These modifications in diet may lead to low EA, 
especially during intense training periods (A. Melin et al., 2016). Moreover, a 
significant proportion of athletes suffer from gastrointestinal complaints 
(Waterman & Kapur, 2012), which may change eating habits and contribute to 
reductions in EA.    

2.1.3 Acute and chronic consequences of low energy availability 

When EA is low, the body allocates the received energy into functions that are 
essential for survival, such as thermoregulation and cellular maintenance, and 
non-essential functions, such as growth and reproductive functions, are not pri-
oritized (De Souza et al., 2019). In their study conducted in healthy, sedentary 
women, Loucks and Thuma (2003) found that a 5-day low EA with 30, 20, or 10 
kcal/kg FFM per day reduced carbohydrate availability and plasma glucose con-
centrations, plasma insulin, triiodothyronine and leptin concentrations, and in-
creased cortisol concentrations in a linear manner. Similarly, this intervention 
found that low EA affected bone markers, resulting in reduced plasma osteocal-
cin concentrations and serum type I procollagen carboxy-terminal propeptide, 
indicating suppressed bone formation (Ihle & Loucks, 2004). Low EA with 20 or 
10 kcal/kg FFM per day was additionally found to be associated with suppressed 
LH pulse frequency and increased LH pulse amplitude, as well as decreased 
growth hormone and insulin-like growth factor 1 (IGF-1) concentrations (Loucks 
& Thuma, 2003). However, the above-mentioned studies were conducted in sed-
entary women, who are characterized by different bone characteristics, body 
composition, and training habits than their physically more active counterparts. 
Nevertheless, it has later been shown that the negative effects of short-term low 
EA on bone health are also observed in physically active women (Papageorgiou 
et al., 2017). 

Consequently, chronic, long-term (months to years) low EA has been 
found to cause physiological malfunctions in numerous body systems, including 
skeletal, reproductive, cardiovascular, endocrine, gastrointestinal, renal, immu-
nological, and central nervous systems (De Souza et al., 2014; Heikura et al., 2021; 
Mountjoy et al., 2018). The time needed to elicit these responses may depend at 
least on the magnitude of an energy deficit, as well as an individual’s character-
istics, as discussed in subsection 2.1.1, and remains to be elucidated (Areta et al., 
2021). The effects of low EA on bone health are both direct and indirect, as both 
energy deficiency and estrogen deficiency caused by low EA (for estrogen defi-
ciency see section 2.2) have been found to be associated with impaired bone 
health with the presence of both exacerbating the negative bone effects (De Souza 
et al., 2008; Southmayd et al., 2017). While the mechanisms behind the association 
between low EA and impaired bone health are not yet fully understood 
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(Papageorgiou, Dolan, et al., 2018), it has been suggested that low EA alters the 
concentrations of some hormones, e.g., cortisol, growth hormone, insulin, IGF-1, 
triiodothyronine, and leptin, which in turn directly affects bone health (Nattiv et 
al., 2007; Papageorgiou, Dolan, et al., 2018; Popp et al., 2022). Alterations in those 
hormone levels contribute to the suppression of the hypothalamic–pituitary–
ovarian (HPO) axis (see subsections 2.2.1–2.2.2), resulting in decreased levels of 
estrogen and further indirect impairments in bone health (Nattiv et al., 2007; Pa-
pageorgiou, Dolan, et al., 2018). In addition to low EA itself, a deficiency of some 
macro- and micronutrients, such as protein, calcium, and vitamin D, can impair 
bone health (Sale & Elliott-Sale, 2019). While low EA is always harmful to bone 
health, it is possible that an athlete’s type of sport may affect the association be-
tween low EA and bone health. Indeed, there is some evidence that high- and 
odd-impact sports, such as soccer, volleyball, or gymnastics, may provide a 
higher osteogenic stimulus and thus mitigate the harmful impact of low EA on 
bone, at least up to a certain point (Hutson et al., 2021; Papageorgiou, Dolan, et 
al., 2018; Tenforde & Fredericson, 2011).  

Dysfunctions in the reproductive system caused by low EA in females are 
addressed in subsection 2.2.2 and the consequences of low EA to other salient 
body systems are briefly discussed in the next subsection. Moreover, injuries in 
athletes, an issue partly related to low EA, are addressed in subsection 2.3.4. 

2.1.4 The Female Athlete Triad and Relative Energy Deficiency in Sport 

Two concepts have been developed to demonstrate the consequences of low EA. 
The first, the Female Athlete Triad (Triad), was launched in 1992 by the American 
College of Sports Medicine (Yeager et al., 1993). In the original version of the 
Triad, the following three components were included: DE, amenorrhea (absence 
of menarche at age 15 or missing three consecutive menses after menarche), and 
osteoporosis. Later, it was noticed that these three components are only the ex-
tremes of the spectrums of EA, menstrual function, and bone health, respectively, 
and the Triad was re-defined in 2007 (Nattiv et al., 2007). The re-defined Triad 
consists of three interrelated components: low EA with or without an ED, MD, 
and low bone mineral density (BMD). Each of these components presents along 
a continuum from the optimal situation to the unhealthiest extreme. In the opti-
mal situation, EA is adequate, the menstrual cycle is regular, and bone health is 
optimal, in contrast to the unhealthiest extreme where EA is low, and amenor-
rhea and osteoporosis are present. The spectrums of EA, menstrual status, and 
BMD are presented in Figure 1. The black arrows on the left-hand side of the 
figure explain the interrelationships of the Triad components: low EA leads to 
amenorrhea, and bone health is impaired directly due to low EA by suppressing 
hormones that promote bone formation and indirectly via amenorrhea and re-
lated low estrogen concentrations (Nattiv et al., 2007) as presented in the previ-
ous subsection. In contrast, on the right-hand side of the figure, black arrows 
show that optimal EA supports menstrual function, and both optimal EA and 
regular menstrual cycle support optimal bone health. The gray arrows indicate 
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the continuum of EA, menstrual function, and bone health, along which an ath-
lete can move depending on her diet and exercise habits (Nattiv et al., 2007).  

 

 

FIGURE 1 The spectrums of energy availability, menstrual status, and bone health in 
the Female Athlete Triad model. Modified from Nattiv et al. (2007). 

In 2014, the International Olympic Committee (IOC) launched a new, more 
comprehensive and broader term for the syndrome: Relative Energy Deficiency 
in Sport (RED-S) (Mountjoy et al., 2014). In the RED-S model, similar to the Triad 
model, low EA is the underlying problem causing harmful effects on the body. 
However, the RED-S model emphasizes that in addition to the skeletal and 
reproductive systems, other body systems are affected by low EA. In addition, 
the RED-S model also includes male athletes and athletes with disabilities, and 
in addition to the health effects of low EA, it introduces the effects of low EA on 
performance (Mountjoy et al., 2014). The health and performance consequences 
of the RED-S model are presented in Figures 2 and 3, respectively. In addition to 
menstrual function and bone health presented already in the Triad model (Nattiv 
et al., 2007), according to the RED-S model, low EA affects i) the endocrine 
function by disrupting the function of hypothalamus–pituitary–gonadal axis, 
altering thyroid function, decreasing insulin and IGF-1 concentrations, 
decreasing growth hormone and cortisol concentrations, and altering the 
concentrations of appetite-regulating hormones, ii) the metabolic function by 
reducing resting metabolic rate, iii) the hematologic function by contributing iron 
deficiency, iv) growth and development in adolescents by increasing growth 
hormone resistance and increasing IGF-1/IGF binding protein-1 ratio, v) 
psychological health by lowering psychological well-being, vi) cardiovascular 
health by leading to endothelial dysfunction, unfavorable lipid profiles, and early 
atherosclerosis, vii) gastrointestinal health by resulting in, for example, delayed 
gastric emptying, increased intestinal transit time, and constipation, and viii) 
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immunological health by increasing the likelihood of illnesses (Mountjoy et al., 
2018). Notably, in the RED-S model, psychological challenges can either precede 
or be the result of low EA. In addition to the health consequences in the RED-S 
model, low EA has been suggested to affect performance directly, for example, 
by impairing glycogen stores and protein synthesis or indirectly via injuries and 
illnesses, which make consistent and high-quality training difficult (Mountjoy et 
al., 2018).  
 

 

FIGURE 2 The health consequences in the Relative Energy Deficiency in Sport (RED-S) 
model. Note that psychological problems can either precede or be the result 
of RED-S. Modified from Mountjoy et al. (2014). 
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FIGURE 3 The potential performance consequences in the Relative Energy Deficiency in 
Sport (RED-S) model. Modified from Mountjoy et al. (2014). 

The RED-S model was criticized by the Triad authors for not being as scientifi-
cally valid as the Triad and for oversimplification by presenting physiological 
systems, functions, and mechanisms independent of each other, while in fact they 
interact with each other (De Souza et al., 2014). Indeed, while there is strong evi-
dence behind the Triad (De Souza et al., 2014; Warrick et al., 2020; Williams et al., 
2019), some of the associations of the RED-S model still remain speculative, and 
more high-quality research conducted in different populations is needed (A. K. 
Melin et al., 2023; Mountjoy et al., 2018; Williams et al., 2019). However, the pur-
pose of both the Triad model and the RED-S model is to call attention to the im-
portance of adequate EA in order to prevent negative health outcomes associated 
with sports and exercise (Williams et al., 2019) and while the authors of the Triad 
and RED-S models disagree with each other to some extent (De Souza et al., 2014; 
Mountjoy, Sundgot-Borgen, et al., 2015; Williams et al., 2019), it has been stated 
that adversarial between the concepts should be avoided (Warrick et al., 2020). 
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2.2 Female endocrinology 

2.2.1 Endocrine system and the hypothalamus–pituitary–ovarian axis 

To maintain homeostasis in the organism, active and effective communication 
among the cells is needed (Deschenes & Keiichiro, 2005). The nervous and endo-
crine systems are mostly responsible for this communication (Deschenes & 
Keiichiro, 2005; Kovacs & Ojeda, 2011). The nervous system operates with elec-
trochemical signals and functions by transmitting signals to peripheral organs 
and by receiving information from them (Kovacs & Ojeda, 2011). The signals of 
the nervous system are usually rapid and brief (Deschenes & Keiichiro, 2005). In 
contrast, the endocrine system functions by transporting chemical agents, i.e., 
hormones, in the bloodstream to their target organs (Kovacs & Ojeda, 2011). The 
responses of the endocrine system are typically slow and last longer than those 
of the nervous system (Deschenes & Keiichiro, 2005). However, the nervous and 
endocrine systems are closely connected. The nervous system innervates most of 
the endocrine organs but is also regulated by the endocrine system (Kovacs & 
Ojeda, 2011). Neuroendocrinology studies the interrelationships between nerv-
ous and endocrine systems, and its fundamental principle is that neurons secrete 
signal molecules into the circulation, and those signal molecules then regulate 
the secretion of hormones and expression of genes encoding these hormones 
(Lechan, 2020). 

The core of the endocrine system is the hypothalamus–pituitary axis. The 
hypothalamic hormones are classified as stimulating and inhibiting hormones 
based on their actions in the pituitary. The pituitary is composed of two parts: 
anterior and posterior pituitary (i.e., adeno- and neurohypophysis, respectively) 
(Samson, 2011). The latter is responsible for the secretion of antidiuretic hormone 
and oxytocin. The anterior pituitary secretes hormones that are consequently 
affecting their target organs and further regulating, for instance, gonadal, thyroid, 
and adrenal function as well as growth and development (Samson, 2011). 

The hypothalamus–pituitary–ovarian (HPO) axis is the main regulator of 
sex steroid production in females and involves the hypothalamus, pituitary, and 
ovaries. The signaling chain of the HPO axis begins from the hypothalamus, 
which secretes gonadotropin-releasing hormone (GnRH) into the portal 
circulation. GnRH, in turn, travels to the anterior pituitary and stimulates 
secretion of gonadotropins, i.e., follicle-stimulating hormone (FSH) and LH from 
the specialized cell types of the anterior pituitary (gonadotrophs) to the systemic 
circulation (Bulun, 2020; Hope & Hackney, 2017; Ruohonen et al., 2020). 
Gonadotrophs constitute approximately 7–15% of the anterior pituitary cells, and 
most of them are able to synthesize both LH and FSH (Bulun, 2020). GnRH is 
released from the hypothalamus in a pulsatile manner every 60–90 minutes, 
which in turn stimulates the secretion of LH and FSH from the pituitary 
approximately once every hour (Allaway et al., 2016). However, unlike LH, FSH 
secretion is not always pulsatile and when it is, the pulses are only partially 
concordant with LH pulses (Lechan, 2020). LH and FSH are, in turn, needed for 
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the secretion of sex steroid hormones, mainly estrogen and progesterone, from 
the ovaries (Ojeda, 2011). 

The HPO axis is established in the first trimester in the uterus and becomes 
active in the second trimester (Bordini & Rosenfield, 2011). It is mostly 
responsible for the female’s reproductive development and is active at three 
stages of development: fetal, neonatal, and adult (Bordini & Rosenfield, 2011; 
Colvin & Abdullatif, 2013). These developmental stages are discussed in more 
detail in subsection 2.2.3. Proper functioning of the HPO axis is vital for female’s 
reproductive and overall health (Hope & Hackney, 2017). 

2.2.1.1 Female sex steroids  

As already mentioned, the two major biologically active sex steroid hormones in 
females are estrogen and progesterone (Hope & Hackney, 2017; Ojeda, 2011). Sex 
steroids in the body are initially synthesized from cholesterol derived from food 
or synthesized in the body in the mitochondria (Ojeda, 2011). The term estrogen 
refers to a group of hormones, which include estrone, estriol, and estradiol (Hope 
& Hackney, 2017) as well as estetrol (Fruzzetti et al., 2021). Estradiol, the most 
potent estrogen in women within the fertility age, is the major estrogen produced 
by the ovaries (Wierman, 2007); however, estrone is also secreted by the ovaries 
(Riggs et al., 2002). In the ovaries, both estradiol and estrone are produced from 
androgens by the action of the aromatase enzyme, which is stimulated by FSH 
(Hope & Hackney, 2017; Ojeda, 2011). In addition to ovarian production, 
estradiol is also produced in peripheral tissues, such as subcutaneous fat, skin, 
and brain (Bulun, 2020). Estrone is also produced peripherally, mainly from 
androstenedione (one of the androgens), which is secreted from the ovaries and 
the adrenal gland and is converted into estrone by the aromatase enzyme. 
Estrone is further converted to estradiol in peripheral tissues (Bulun, 2020; Ojeda, 
2011). Estriol can be synthesized from both estradiol and estrone in the liver, and 
it is the main estrogen in pregnancy (Ali et al., 2017; Ding & Zhu, 2016). Estetrol, 
in turn, is synthesized from estradiol and estriol and produced only during 
pregnancy in the liver of the fetus (Fruzzetti et al., 2021). About 70% of estrogens 
in the bloodstream are bound to their transport proteins (albumin and sex 
hormone-binding globulin) (Ojeda, 2011; Riggs et al., 2002).  

Another female sex steroid secreted by the ovaries is progesterone, a major 
progestogen. In addition to ovarian production, small amounts of progesterone 
are also secreted locally from peripheral tissues (Hope & Hackney, 2017; Ojeda, 
2011; Wierman, 2007). LH stimulates the conversion of cholesterol via 
pregnenolone to progesterone in the ovary (Bulun, 2020; Hope & Hackney, 2017; 
Ojeda, 2011). Circulating progesterone is bound to corticosteroid-binding protein, 
also known as transcortin (Ojeda, 2011).  

The female body also produces some amounts of androgens, such as 
androstenedione and testosterone, which can act on target tissues directly or after 
conversion to dihydrotestosterone. Androstenedione is not biologically active 
but is converted to testosterone and estrone in the ovary and peripheral tissues 
(Bulun, 2020). A significant portion of testosterone in the bloodstream is 
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synthesized to estradiol by the aromatase enzyme, but testosterone is also 
converted to dihydrotestosterone, the most potent androgen (Bulun, 2020; Ojeda, 
2011). Unlike in the case of progesterone, only LH secreted from the pituitary 
stimulates testosterone secretion from the ovaries. However, FSH is needed to 
activate the aromatase enzyme complex. In females, almost all (97–99%) of the 
testosterone in the bloodstream is bound to sex hormone-binding globulin (Ojeda, 
2011). 

Female sex steroids are responsible for the development of primary and 
secondary sex characteristics (sexual characteristics that are present at birth and 
those appearing during puberty, respectively), but they also regulate a variety of 
other functions throughout the body, playing an important role in various 
physiological processes (Hope & Hackney, 2017). Estrogen and progesterone are 
needed to maintain the menstrual and uterine cycles (see subsection 2.2.1.3) 
(Ojeda, 2011). Estradiol is responsible for the proliferation of the uterine 
endometrium, while progesterone prepares the endometrium for embryo 
implantation (Bulun, 2020). Progesterone also plays an important role in the 
maintenance of pregnancy and preparation of milk secretion from the mammary 
gland (Graham & Clarke, 1997).  

 In addition to the above-mentioned fertility-related effects of sex steroids, 
estrogen affects many signaling pathways in the body and is thus important for 
female health (Hipólito Rodrigues & Carneiro, 2022; Rettberg et al., 2014). For 
instance, it affects the regulation of body fat and blood glucose levels, salt and 
water balance and oxygen levels in the cells (Kraemer et al., 2012). Moreover, 
estrogen prevents bone resorption and bone remodeling while maintaining bone 
formation (Cauley, 2015), thus, affecting bone health. Estrogen is also known to 
be associated with better vascular health (Usselman et al., 2016).  

2.2.1.2 Ovaries and follicle development 

Ovaries are responsible for sex steroid production as well as the production of 
germ cells (oocytes) (Ojeda, 2011). The ovary is composed of the outer cortex, the 
inner medulla, and the hilum. The outer cortex contains the follicles, the 
functional units of the ovary, and secretes sex steroids and is thus considered a 
functional component of the ovary (Hope & Hackney, 2017; Ojeda, 2011). The 
number of oocytes in the ovaries is fixed, being at highest during pregnancy and 
decreasing exponentially during the female’s life. At week 20 of gestation, there 
are approximately seven million oocytes, and the number is decreasing to about 
two million at birth, further about 400 000 before puberty, and about 1000 at 
menopause (Coulombre & Russell, 1954; Faddy, 2000; Finch, 2014).  

Two types of cells in the ovaries produce sex steroids, namely, granulosa 
and theca cells (Havelock et al., 2004). FSH receptors are located only on 
granulosa cells, which secrete estrogen. However, the formation of estrogen 
requires androgens as androgens are converted into androgens via aromatization 
(as discussed in subsection 2.2.1.1). Theca cells, stimulated by LH, synthesize 
androgens and are thus also needed in the formation of estrogen (Havelock et al., 
2004; Ojeda, 2011). 
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The primordial follicles containing primary oocytes surrounded by a single 
layer of flattened epithelial (pre-granulosa) cells start to develop during the fetal 
stage of life (V. R. Araújo et al., 2014; Ojeda, 2011). The development of primary 
follicles from the primordial follicles occurs when the epithelial cells become 
cuboidal granulosa cells (Ojeda, 2011). During the reproductive age of a female’s 
life, cohorts of primary follicles develop into the secondary (pre-antral) follicle, 
which has at least two layers of cuboidal granulosa cells surrounding a primary 
oocyte and a small number of theca cells separated from granulosa cells by a basal 
membrane and surrounding the granulosa cells (V. R. Araújo et al., 2014; Ojeda, 
2011). The last two stages of follicle development are tertiary (antral) follicle and 
the Graafian (preovulatory) follicle. In the last stage, the follicle reaches its 
maximum size and contains a secondary oocyte (an oocyte after the first meiotic 
division) and is ready for ovulation (V. R. Araújo et al., 2014; Bulun, 2020; Ojeda, 
2011).  

The first stages of follicular development occur independent of 
gonadotropins and are suggested to be controlled by intraovarian mechanisms 
(Bulun, 2020). The development from antral to preovulatory follicle, however, 
requires the presence of FSH (Bulun, 2020; Hope & Hackney, 2017). The 
ovulatory follicle is one of a cohort recruited during the transition from the luteal 
phase to the follicular phase (Bulun, 2020; see the next subsection).  

2.2.1.3 The menstrual cycle 

Reproductive function in females is cyclic. It consists of fluctuating production 
of reproductive hormones (i.e., gonadotropins and sex steroids) over approxi-
mately 28 days and a series of events including rupture of an ovarian follicle and 
mature egg releasing from the ovary (i.e., ovulation). These interrelated series of 
events are called the menstrual cycle (Hope & Hackney, 2017; Ojeda, 2011). A 
normal menstrual cycle length varies between 21 and 35 days in healthy adult 
female (Elliott-Sale et al., 2021; Hope & Hackney, 2017). A regular menstrual cy-
cle can be seen as a vital sign of a female’s overall health and well-being (Ameri-
can College of Obstetricians and Gynecologists [ACOG], 2015). The menstrual 
cycle can be divided into two main phases, namely, the follicular and luteal 
phases, which are divided by ovulation (Allaway et al., 2016; Hope & Hackney, 
2017).  

The menstrual cycle begins from the first day of menstrual bleeding, the 
external sign of the menstrual cycle, which also starts the follicular phase of the 
cycle (Allaway et al., 2016; Hope & Hackney, 2017). Menstrual bleeding typically 
lasts 3–6 days, and the follicular phase is approximately 10–16 days (Allaway et 
al., 2016; Ojeda, 2011). The follicular phase ends with ovulation, which typically 
lasts typically about 36 hours (Ojeda, 2011). The last part of the menstrual cycle 
is the luteal phase, the length of which is usually 12–14 days but may range 
between 11–17 days (Practice Committees of the American Society for 
Reproductive Medicine and the Society for Reproductive Endocrinology and 
Infertility, 2021). While both follicular and luteal phases vary by length, most of 
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the variability in the cycle length results from the variability of the follicular 
phase (Ojeda, 2011; Waller et al., 1998). 

The HPO axis is responsible for the regulation of the menstrual cycle, and 
the follicular and luteal phases are characterized by different hormonal milieus. 
During menstrual bleeding and the early follicular phase, serum FSH levels 
increase, while LH, estrogen, progesterone, and androgen levels are low (Ojeda, 
2011). Because of the FSH secretion at the early follicular phase, a cohort of 
follicles (usually 3–11) starts to grow and secrete estrogen, thus increasing the 
estrogen levels (Allaway et al., 2016). The rise in FSH levels also increases the 
sensitivity of FSH receptors in the granulosa cells, thus increasing the effect of 
bioactive FSH (Allaway et al., 2016; Hope & Hackney, 2017). Typically, only one 
follicle per cycle will become dominant, while others undergo programed 
apoptosis called atresia (Hope & Hackney, 2017; Ojeda, 2011). The selection of a 
dominant follicle occurs in the mid-part of the follicular phase, after which 
estrogen secretion of the dominant follicle becomes more rapid (Allaway et al., 
2016; Mihm et al., 2011). The selection of the dominant follicle occurs based on a 
number of FSH receptors on its cell membrane, but the factors contributing to 
this selection have yet to be explored (Hope & Hackney, 2017; Ojeda, 2011). The 
highest FSH levels are observed at the time of dominant follicle emergence, after 
which it gradually starts to decline as a result of inhibin-B secretion (stimulated 
by FSH itself) at the same time that estrogen levels start to rise (Mihm et al., 2011). 
Plasma progesterone, androgen, and LH levels are low throughout the follicular 
phase (Ojeda, 2011). 

Before ovulation, estrogen levels are at their highest, about nine-fold over 
the basal level (Ojeda, 2011). This stimulates gonadotropin, specifically LH 
secretion from the pituitary, typically 24–36 hours after peak estrogen secretion 
(Allaway et al., 2016; Ojeda, 2011). In response to this surge, the dominant follicle 
grows further, reaching its maximum diameter in 48 hours and is then called the 
Graafian (preovulatory) follicle (Ojeda, 2011). Ovulation is a complex series of 
events during which the follicle ruptures and the oocyte is released from the 
follicle (Allaway et al., 2016; Ojeda, 2011). LH is essential for stimulating the 
rupture of the mature follicle (Bulun, 2020). After the surge of gonadotropin 
secretion, estrogen levels fall, progesterone levels start to rise, and there is also a 
moderate rise in androgen levels (Ojeda, 2011).  

After ovulation, the ruptured follicle develops into the corpus luteum, 
which marks the beginning of the luteal phase of the menstrual cycle (Allaway et 
al., 2016; Ojeda, 2011). The corpus luteum secretes large amounts of progesterone, 
and thus, the luteal phase is characterized by high levels of progesterone. The 
corpus luteum also secretes estrogens, androgens, and inhibin-A during the 
luteal phase of the cycle, while FSH and LH levels remain low until the late stage 
of the luteal phase (Ojeda, 2011). If no fertilization occurs, the corpus luteum 
remains functional for approximately 12–16 days (Bulun, 2020) after which it is 
degraded by proteolytic enzymes (Hope & Hackney, 2017; Ojeda, 2011). Without 
fertilization, progesterone levels start to decrease approximately 8–10 days after 
ovulation, reaching the lowest levels about 14 days after ovulation (Ojeda, 2011). 
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This decline in progesterone levels, as well as a decline in estrogen and inhibin 
levels, removes the negative feedback on the pituitary; thus, FSH levels start to 
rise approximately four days before menstrual bleeding, initiating follicular 
emergence for the follicular phase of the next menstrual cycle (Allaway et al., 
2016; Bulun, 2020; Mihm et al., 2011).  

During the menstrual cycle, the oocyte released from the ruptured follicle 
travels from the ovary to the uterus, and if it is not fertilized, it is shed during 
menstrual bleeding (Hope & Hackney, 2017). The uterus has its own cycle, which 
coincides with the ovarian cycle. The uterine cycle has a proliferative phase 
(during the follicular phase of the menstrual cycle) and secretory phase (during 
the luteal phase of the menstrual cycle) (Bulun, 2020). During the proliferative 
phase, circulating estrogen (produced mainly by the dominant follicle) causes 
thickening of the endometrium (Hope & Hackney, 2017) and by the end of the 
proliferative phase, the endometrium thickness has increased approximately 
three- to five-fold (Ojeda, 2011). After ovulation, increased levels of progesterone 
contribute to the secretion of glycogen from the endometrium and increase 
endometrium vascularization. These changes are necessary for embryonic 
implantation in the case of fertilization. In the absence of fertilization, the rapid 
decline in estrogen and progesterone levels at the latter part of the luteal phase 
causes constriction of the arteries supporting the endometrium, which further 
causes ischemia and necrotic epithelium of the endometrial tissue and thus leads 
to shrinking of the endometrium (Allaway et al., 2016; Hope & Hackney, 2017). 
This necrotic epithelium and blood are discharged during menstruation 
(Allaway et al., 2016). 

2.2.1.4 Regulation of the hypothalamus–pituitary–ovarian axis 

The function of the HPO axis is regulated by both negative and positive feedback. 
Estrogen, and in smaller amounts progesterone, secreted by the ovaries inhibits 
both GnRH secretion by the hypothalamus and gonadotropin secretion by the 
anterior pituitary. Negative feedback is also regulated by inhibin, which is 
secreted by the ovaries and controls the secretion of FSH (Ojeda, 2011). Inhibin-
B secretion (in the early follicular phase of the menstrual cycle) is stimulated by 
FSH, and inhibin-A (in the late follicular phase and in the luteal phase) by LH 
(Bulun, 2020). Moreover, activin and follistatin from the pituitary control the 
secretion of gonadotropins: activin stimulates FSH production, while follistatin 
inhibits the action of activin (Bulun, 2020). High levels of estrogen and 
progesterone can also stimulate the secretion of GnRH and gonadotropins 
(positive feedback) (Bulun, 2020; Ojeda, 2011; Veldhuis & Weltman, 2005). A 
simplified scheme of the anatomy and function of the HPO axis is presented in 
Figure 4.   
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FIGURE 4 Anatomy and function of the hypothalamus–pituitary–ovarian axis. Modi-
fied from Bulun (2020). GnRH = gonadotropin-releasing hormone; LH = lute-
inizing hormone; FSH = follicle-stimulating hormone. 

The regulation of the pulsatile GnRH secretion from GnRH neurons is complex, 
as many neurotransmitter systems convey information to GnRH neurons 
(Lechan, 2020). One of the most salient signaling systems combining metabolic 
and endocrine pathways is kisspeptin pathway, which provides information on 
the body’s metabolic status to GnRH neurons (Maeda et al., 2007; Pope et al., 2015; 
Tsukamura, 2022; Wahab et al., 2013). The synthesis and pulsatile secretion of 
GnRH is dependent on the secretion of hypothalamic peptide kisspeptin from 
kisspeptin neurons (Bulun, 2020; Iwasa et al., 2022). As kisspeptin neurons in the 
arcuate nucleus (one of the main hypothalamic nuclei that control food intake 
and GnRH secretion) also express two additional peptides, namely neurokinin B 
and dynorphin, these neurons are also called kisspeptin/neurokinin B/dy-
norphin (KNDy) neurons (Guzmán et al., 2019; Ikegami et al., 2022; Lechan, 2020). 
The actions of neurokinin B and dynorphin are opposite to each other, as the first-
mentioned peptide stimulates, and the last-mentioned peptide inhibits kisspep-
tin secretion (Lechan, 2020). Kisspeptin is also suggested to contribute to other 
levels of the HPO axis, but the relevance of kisspeptin outside the hypothalamus 
is still undetermined (Ruohonen et al., 2020). 

In addition to kisspeptin, other neuropeptides and neurotransmitters 
control GnRH secretion independently and via kisspeptin neurons. These 
include, for example, neuropeptide Y, α–melanocyte-stimulating hormone, γ-
aminobutyric acid, glutamate, and noradrenaline (Allaway et al., 2016; Bulun, 
2020; Goodman et al., 2022; Guzmán et al., 2019; Roa, 2013). Moreover, many 
peripheral signals modulate, that is, stimulate or inhibit, KNDy and other 
neurons affecting the function of the HPO axis (Guzmán et al., 2019; Iwasa et al., 
2022). These include, but are not limited to, estrogen, progesterone, leptin, 
ghrelin, and adiponectin (Allaway et al., 2016; Budak et al., 2006; García-Galiano 
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et al., 2012; Gordon et al., 2017; Hill et al., 2008; Ikegami et al., 2022; Iwasa et al., 
2022; Prashar et al., 2021; Wahab et al., 2013). For example, estrogen is known to 
inhibit kisspeptin release from KNDy neurons (i.e., negative feedback) (Ikegami 
et al., 2022; Uenoyama et al., 2021). It has been suggested, however, that estrogen 
can also act by stimulating kisspeptin release from the kisspeptin neurons located 
in the anteroventral periventricular nucleus (García-Galiano et al., 2012; 
Uenoyama et al., 2021). Leptin and ghrelin, in turn, the hormones secreted from 
the adipocytes and gastric cells, respectively, transform information on the 
metabolic status to the hypothalamus (e.g., Allaway et al., 2016; Wahab et al., 
2013). Leptin concentrations are positively correlated with fat mass, and caloric 
deprivation has been linked to decreased leptin levels (Allaway et al., 2016; 
Boden et al., 1996; Chan & Mantzoros, 2005; Shimizu et al., 1997). While the exact 
mechanisms of the role of leptin in GnRH secretion stimulation are not well 
understood, recent evidence suggests that leptin modulates the secretion of 
kisspeptin and other neuropeptides and further stimulates GnRH secretion from 
GnRH neurons, which lack leptin receptors (Childs et al., 2021; Guzmán et al., 
2019). Ghrelin levels, in contrast to leptin levels, are increased in the fasted state 
and stimulate appetite (Budak et al., 2006). Ghrelin plays an inhibiting role in 
GnRH secretion from the hypothalamus (Navarro & Kaiser, 2013). An overview 
of some selected factors contributing to the regulation of GnRH secretion is 
presented in Figure 5. 

 

 

FIGURE 5 An overview of selected factors affecting GnRH secretion from GnRH neu-
rons in women within the fertility age. The main regulator of GnRH neurons 
is kisspeptin secreted from kisspeptin neurons, which stimulates (+) GnRH 
secretion. In addition, other factors stimulate or inhibit (-) GnRH secretion 
directly or indirectly via kisspeptin neurons. Estrogen can stimulate (via kis-
speptin neurons located in the arcuate nucleus of the hypothalamus) or in-
hibit (via kisspeptin neurons located in the anteroventral periventricular nu-
cleus of the hypothalamus) GnRH secretion. GnRH = gonadotropin-releasing 
hormone; NPY = neuropeptide Y; AgRP = agouti-related peptide; GABA = γ-
aminobutyric acid; α-MSH = α–melanocyte-stimulating hormone. 

2.2.2 Dysfunction in the hypothalamus–pituitary–ovarian axis caused by 
low energy availability 

The female’s reproductive cycle, including ovulation, conception, pregnancy, 
and lactation, are highly energetically demanding activities (G. N. Wade et al., 
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1996) and compared with males, the energy cost of reproduction in females is 
much higher (Caldwell & Hooper, 2017). While many environmental factors in-
fluence mammals’ reproduction, food availability is the one of the most im-
portant factors (Bronson, 1985).  

In the 1980s, it was noted that amenorrhea was associated with exercise 
training, with many female athletes being amenorrheic (Bullen et al., 1985; 
Loucks, 1990). Since then, much evidence has been accumulated on the mecha-
nisms behind the disruption of the menstrual cycle. It is now known that when 
EA is low, the HPO axis is disturbed: the pulsatile secretion of GnRH from the 
hypothalamus is suppressed, leading to suppressed secretion of gonadotropins 
and especially reduced LH pulsatility from the pituitary. This consequently leads 
to the suppressed secretion of estrogen and progesterone from the ovaries (Gor-
don et al., 2017; Mallinson & De Souza, 2014). The suppression of GnRH pulsa-
tility from the GnRH neurons in the hypothalamus is thought to be attributed to 
alterations in metabolism- and appetite-related factors and subsequent neuro-
modulatory signals (Allaway et al., 2016; Gordon et al., 2017; Iwasa et al., 2018; 
Mallinson & De Souza, 2014; G. N. Wade et al., 1996). While the exact mechanisms 
behind this phenomenon are not fully understood, one of the most salient factors 
among others seems to be suppressed leptin levels and reduced kisspeptin ex-
pression (Childs et al., 2021; Iwasa et al., 2022). 

Disorders in the menstrual cycle resulting from low EA range from clinical 
disorders, i.e., functional hypothalamic amenorrhea and oligomenorrhea, to sub-
clinical disorders, i.e., anovulation and luteal phase deficiency (Figure 6) (De 
Souza & Williams, 2004).  In the most severe form of disturbance, functional hy-
pothalamic amenorrhea, the term “functional” indicates that amenorrhea is not 
caused by any organic reason but rather dysfunction in the HPO axis (Gordon et 
al., 2017). Amenorrhea can be classified as primary and secondary, with the first 
defined as a failure to attain menarche by the age of 15 years and the second as 
cessation of menses after menarche for at least 90 days (Elliott-Sale et al., 2021; 
Gordon et al., 2017; Nattiv et al., 2007). Oligomenorrhea is defined as long and 
inconsistent menstrual cycles occurring at intervals of 36–90 days, and the cycles 
can be ovulatory or anovulatory (Mallinson & De Souza, 2014; Nattiv et al., 2007). 
While clinical menstrual disorders are easily detectable, subclinical disorders re-
quire hormonal assessment as they do not cause any changes in menstrual bleed-
ing (De Souza et al., 2010). In an anovulatory cycle, ovulation does not occur and 
progesterone is low during the luteal phase, while a luteal phase defect is char-
acterized by a short luteal phase and/or insufficient progesterone concentration 
in the luteal phase (Mallinson & De Souza, 2014). 
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FIGURE 6 Continuum of menstrual dysfunction. Modified from De Souza (2003). 

In addition to functional hypothalamic amenorrhea or other disturbances in the 
menstrual cycle due to low EA, absent or irregular menstrual cycles can result 
from other conditions. The most common differential diagnoses are pregnancy 
and polycystic ovary syndrome, while other conditions related to the 
hypothalamus, pituitary, ovaries, and uterus (e.g., tumors, irradiation, trauma, 
and surgery) or some diseases (e.g., hypo- or hyperthyroidism, Cushing 
syndrome, and Addison disease) can result in disturbances in the menstrual cycle 
(Gordon et al., 2017). Moreover, rare gene mutations may render some 
individuals more prone to functional hypothalamic amenorrhea (Caronia et al., 
2011). 

2.2.3 Endocrinological development in females during the lifespan 

2.2.3.1 Fetal and neonatal periods and childhood  

Differences between the sex hormone secretion of the HPO axis in females com-
pared with the hypothalamus–pituitary–testicular axis in males during the fetal 
and neonatal periods of life contribute to sexual differentiation of behavior, me-
tabolism, and neuroendocrine function in later life (Bordini & Rosenfield, 2011). 
Indeed, the HPO axis is active during the fetal stage and again during the first 
months of life, causing an elevation in LH, FSH, and estrogen secretion. These 
changes in hormone secretion do not lead to physical changes in sexual charac-
teristics or reproductive function but are called endocrine puberties, with the lat-
ter, that is, activation of the HPO axis after birth, also known as minipuberty 
(Becker & Hesse, 2020; Bordini & Rosenfield, 2011). In girls, LH and FSH during 
the fetal phase are highest at midgestation and are progressively suppressed after 
that (Becker & Hesse, 2020). Meanwhile, estrogen secretion peaks in the third tri-
mester and is predominantly secreted from the placenta (Becker & Hesse, 2020; 
Takagi et al., 1977). The suppression of LH and FSH is caused by the placental 
rise in estrogen secretion (Becker & Hesse, 2020). 

Minipuberty was first described in 1973 (Forest et al., 1973). While it is still 
unknown if minipuberty is essential to female reproductive function (Bizzarri & 
Cappa, 2020), hormonal changes during minipuberty have been investigated 
since the 1970s. It is now known that the absence of placental estrogen secretion 
causes activation of the HPO axis approximately one week after birth (Becker & 
Hesse, 2020). In girls, FSH levels are higher and LH levels are lower than in boys 
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during the first four weeks of life (Bizzarri & Cappa, 2020; Schmidt & Schwarz, 
2000). The rise of gonadotropins leads to ovarian stimulation, resulting in 
increased, although fluctuating, estradiol levels (Bizzarri & Cappa, 2020; Kuiri-
Hänninen et al., 2011, 2013). The rise in estradiol levels during minipuberty is 
more prominent in girls than in boys (Becker & Hesse, 2020; Kuiri-Hänninen et 
al., 2013).  

The activation of the HPO axis gradually decreases after a few months of 
life with mechanisms that are not yet understood (Becker & Hesse, 2020). In girls, 
FSH levels may remain high until the first 3–4 years of life, while LH levels drop 
after the first six months (Bizzarri & Cappa, 2020). After these changes, the HPO 
axis is nearly inactive until the late prepubertal period, about the eighth to tenth 
year of life (Bordini & Rosenfield, 2011; Hope & Hackney, 2017).  

2.2.3.2 Puberty 

Puberty is one of the most critical parts of a female’s life cycle, a period leading 
from childhood to adulthood and from non-fertility to fertility (Colvin & Ab-
dullatif, 2013; DiVall & Radovick, 2009). It is characterized by the maturation of 
gametogenesis and gonadal hormone secretion, along with the development of 
secondary sexual characteristics and reproductive functions (Bordini & Rosen-
field, 2011). During puberty, the female’s body achieves the ability to produce 
and deliver a gamete, a capacity to provide a suitable environment for gestation, 
and a source of infant nutrition (Colvin & Abdullatif, 2013).   

The triggering factors for the reactivation of the HPO axis at the beginning 
of “true” puberty in adolescence are poorly understood, but include a complex 
interaction between a variety of neurotransmitters, hormones, and proteins 
(Colvin & Abdullatif, 2013; Herbison, 2016; Karapanou & Papadimitriou, 2010; 
Uenoyama et al., 2019). The accumulated evidence thus far suggests that KNDy 
neurons are crucial for pubertal onset, as they regulate kisspeptin synthesis and 
secretion and thus GnRH secretion (Uenoyama et al., 2019). In addition, sufficient 
energy stores and nutritional status are needed for pubertal onset and 
progression (Martos-Moreno et al., 2010). Indeed, leptin has been suggested to be 
important for the proceeding of pubertal development (Sanchez-Garrido & Tena-
Sempere, 2013; Uenoyama et al., 2019). 

As a result of the activation of the HPO axis at the beginning of puberty, the 
pulsatile release of LH and FSH secretion increase (Bordini & Rosenfield, 2011; 
Colvin & Abdullatif, 2013). The sensitivity and size of gonads increase as a result 
of gonadotropin release, leading to increased secretion of estradiol (Bordini & 
Rosenfield, 2011). More specifically, FSH induces estradiol production from 
androgen precursors by increasing ovarian granulosa cell aromatase activity and 
also promotes the growth and proliferation of granulosa cells, while LH, in turn, 
stimulates androgen production in ovarian theca cells (Colvin & Abdullatif, 2013). 
These hormones then promote pubertal changes throughout the body (Bordini & 
Rosenfield, 2011; Colvin & Abdullatif, 2013). Moreover, sex steroids stimulate the 
secretion of growth hormone from the pituitary gland (Colvin & Abdullatif, 2013). 
Sex steroids and growth hormone, as well as IGF-1, which secretion is stimulated 
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by growth hormone, have synergistic roles in pubertal growth spurt and 
reproductive organ development (Bordini & Rosenfield, 2011; Colvin & 
Abdullatif, 2013; Riggs et al., 2002). 

Hormonal changes, especially the elevated levels of estrogen, occurring 
during puberty also affect uterine growth (Salardi et al., 1985) and the 
endometrium, which grows until it has reached a point where a decrease in 
estrogen levels leads to first menstruation, i.e., menarche (Hope & Hackney, 
2017). In females, menarche is one of the landmarks of puberty in addition to 
breast tissue development and peak height velocity (Karapanou & Papadimitriou, 
2010). It typically occurs 2–3 years after thelarche (i.e., breast building) and six 
months after peak height velocity, while in girls with early breast building, the 
interval between thelarche and age at menarche (AAM) can be longer (ACOG, 
2015; Karapanou & Papadimitriou, 2010). In Europe, an average AAM has 
declined by 2–3 months per decade from the early 1800s to the mid-1950s 
(Wyshak & Frisch, 1982). While some evidence suggests a further decrease after 
that (Talma et al., 2013), other studies have reported that the decline in AAM has 
been slowed or even leveled off in developed countries during the last decades 
(Bau et al., 2009; Gottschalk et al., 2020; Lee et al., 2016; Mul et al., 2001; 
Papadimitriou, 2016; Rigon et al., 2010). In most recent studies, the mean AAM 
in developed countries has been reported as approximately 12–13 years (ACOG, 
2015; Bau et al., 2009; Gottschalk et al., 2020; InterLACE Study Team, 2019; Lee et 
al., 2016; Rigon et al., 2010). However, AAM varies internationally, being higher 
in less developed countries (ACOG, 2015). The decrease in AAM during the last 
centuries in developed countries has been explained by improved living 
conditions, socioeconomic status, and general health (Gluckman & Hanson, 2006; 
Karapanou & Papadimitriou, 2010; F. Thomas et al., 2001). Improvements in 
nutrition have been suggested to be one of the major reasons for the decreased 
AAM (Gluckman & Hanson, 2006; F. Thomas et al., 2001). 

Several factors can influence AAM, of which the most significant are 
presented here. Genetic factors play an important role in explaining about half of 
the phenotypic variation in AAM among girls living in developed countries 
(Towne et al., 2005). Indeed, maternal AAM is associated with daughter’s AAM 
both in the general population (e.g., Pouta et al., 2005; Wohlfahrt-Veje et al., 2016) 
and in athletes (Malina et al., 1994). AAM may also differ between ethnicities and 
geographic locations, which may reflect genetic or environmental factors 
(Karapanou & Papadimitriou, 2010). Moreover, body mass index (BMI) and fat 
mass in infancy, prepuberty, and puberty are important factors for explaining 
AAM and are negatively associated with it (Druet et al., 2012; Juul et al., 2017; 
Karapanou & Papadimitriou, 2010; Mumby et al., 2011; Yermachenko & Dvornyk, 
2014). The association between a higher BMI and fat mass and earlier AAM may 
be explained by the role of leptin. As discussed earlier, leptin is an adipocyte-
derived hormone reflecting the body’s fat mass and stimulating the pulsatile 
release of GnRH in the hypothalamus, thus serving as a signal for menarche 
(Mantzoros, 2000). Other factors that influence AAM include socioeconomic 
status, parental education, endocrine-disrupting chemicals, i.e., substances in the 
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environment, food, and consumer products that interfere with hormone function, 
and the absence of a father, with the first three of them being positively associated 
with earlier maturation in girls and the absence of a father being linked with 
earlier AAM (Diamanti-Kandarakis et al., 2009; Karapanou & Papadimitriou, 
2010; Yermachenko & Dvornyk, 2014). 

Moreover, premenarcheal physical activity is associated with later AAM 
(Calthorpe et al., 2019) and a sedentary lifestyle has been reported to be linked 
with earlier AAM (Ramraj et al., 2021). In line with these findings, athletes tend 
to attain menarche later than their non-athletic peers (Calthorpe et al., 2019; 
Torstveit & Sundgot-Borgen, 2005). However, it is not known if there is a causal 
relationship between sports participation and later AAM or if there are genetic, 
behavioral, or body type-related factors between athletes and non-athletes that 
explain that relationship (Calthorpe et al., 2019; Torstveit & Sundgot-Borgen, 
2005).  

Furthermore, there is an association between AAM and women’s health in 
later life. In their systematic review and meta-analysis, Prentice and Viner (2013) 
found that earlier AAM was associated with a higher BMI in later life, the 
association being stronger in women under 40 years of age. An association, albeit 
weaker, was also found between AAM and adult cardiovascular disease, 
suggesting that earlier AAM is associated with a higher risk of cardiovascular 
disease (Prentice & Viner, 2013). This association was later confirmed in a 
systematic review by Luijken et al. (2017); however, one large cohort study also 
suggested a U-shaped association between AAM and cardiovascular disease, 
with both early and late AAM being associated with an increased risk of 
cardiovascular disease (Canoy et al., 2015). In further meta-analyses, early 
menarche has been associated with all-cause deaths (Charalampopoulos et al., 
2014; Chen et al., 2018), ischemic heart disease mortality (Chen et al., 2018), 
hypertension (Bubach et al., 2018) and metabolic disease (Kim & Je, 2019) in 
adulthood as well as endometrial (Gong et al., 2015), breast (Collaborative Group 
on Hormonal Factors in Breast Cancer, 2012), and ovarian (Gong et al., 2013) 
cancers.  

The mechanisms behind the above-mentioned associations have yet to be 
resolved. However, it has been suggested that higher BMI or lower height 
associated with earlier AAM may explain the association between earlier AAM 
and a higher risk of cardiovascular disease (Luijken et al., 2017) and that estrogen 
exposure and/or a number of ovulations could at least partly explain the 
association between early AAM and the risk of endometrial, breast, and ovarian 
cancers (Collaborative Group on Hormonal Factors in Breast Cancer, 2012; Gong 
et al., 2013, 2015). Early menarche has also been associated with a higher risk of 
depressive symptoms (Joinson et al., 2011; Kaltiala-Heino et al., 2003), less time 
spent in education (Gill et al., 2017), sexual risk-taking (Belsky et al., 2010), and 
ED risk (Klump, 2013). AAM also has implications for bone health, with later 
AAM predicting lower BMD in both premenopausal (Chevalley et al., 2008, 
2009b; Ito et al., 1995; Rosenthal et al., 1989) and postmenopausal (Ito et al., 1995; 
Tuppurainen et al., 1995; Varenna et al., 1999) women. In line with that, fracture 
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risk has been shown to be higher in women with late AAM in contrast to those 
with earlier AAM (G. S. Cooper & Sandler, 1997; Johnell et al., 1995; Roy et al., 
2003; Silman, 2003). 

Menstrual cycles in the early years after menarche are typically anovulatory 
and irregular (ACOG, 2015; Carlson & Shaw, 2019). However, variability 
between individuals is high, and in some studies, early menarche has been 
associated with the early onset of ovulatory cycles (Apter & Vihko, 1983; Vihko 
& Apter, 1984). Indeed, it has been reported that 50% of the cycles are ovulatory 
in the first year after menarche among girls with AAM lower than 12 years, but 
when AAM is about 13 years, 50% of girls had ovulatory cycles 4.5 years after 
menarche (Apter & Vihko, 1983). However, these studies were conducted a 
rather long time ago, and it is possible that girls are achieving ovulatory cycles 
more rapidly nowadays (Carlson & Shaw, 2019). However, there is limited 
evidence to support this hypothesis. Although cycle length varies among 
individuals, in the first few years after menarche most cycles range from 21 days 
to 45 days, and the trend is toward shorter and more regular cycles with 
increasing gynecologic age (ACOG, 2015). While it is typical that a normal-length 
menstrual cycle is observed after about three years of menarche, cycles longer 
than 90 days are not normal even in the first gynecologic years (ACOG, 2015; 
Nattiv et al., 2007). 

2.2.3.3 Adulthood, menopause, and postmenopause 

Studies conducted several decades ago suggest that individuals reach their nor-
mal cycle length at about the sixth gynecologic year (American Academy of Pe-
diatrics Committee on Adolescence et al., 2006). After that, cycle length seems to 
be rather stable (Guo et al., 2006; Harlow et al., 2000) until one to five years before 
menopause when the variability in cycle length and the number of anovulatory 
cycles increase (Harlow et al., 2012; O’Connor et al., 2001).  

Reproductive aging in women is a process rather than an event (Soules et 
al., 2001). It begins at birth and ends at menopause, which is defined as the loss 
of ovarian follicular activity leading to a permanent cessation of menstrual cycles 
and is confirmed after one year of absence of menses (Davis et al., 2015; Harlow 
et al., 2012; Soules et al., 2001). Menopause is characterized by a depletion of 
ovarian follicles, while other factors also contribute to this process (Davis et al., 
2015; Hall, 2015; Wise, 1999). Indeed, natural menopause is a consequence of 
ovarian function loss, which occurs after changes in the function of the HPO axis 
(Burger et al., 2008; Davis et al., 2015). These changes occurring both in the brains 
and in the ovaries are driven by aging and genetic factors, along with 
environmental- and lifestyle-related factors and possible systemic diseases 
(Davis et al., 2015). 

Some years before menopause, the function of the HPO axis begins to 
weaken due to hypothalamic aging. More specifically, pulsatile GnRH secretion 
becomes desynchronized, which leads to impaired timing of LH pulse secretion. 
This, combined with ovarian aging and follicles’ decreased sensitivity to 
gonadotropins, leads to suppressed levels of estradiol, inhibin, and anti-
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Müllerian hormone (a marker of ovarian reserve; Oh et al., 2019) secretion from 
the ovaries, as well as impairments of follicle maturation. As a result, the 
menstrual cycle becomes irregular and FSH levels begin to rise because of the 
lack of negative feedback of estradiol (Davis et al., 2015; Hall, 2015). The 
perimenopausal transition is a period that starts when there is a sustained 
difference of ≥ 7 days in the length of 10 consecutive menstrual cycles. The last 
menstrual period is the marker for the end of the menopausal transition and the 
beginning of postmenopause (Harlow et al., 2012). Thereafter, FSH levels 
continue to rise, and estradiol levels continue to decrease until approximately 
two years after menopause. After that, the levels of these hormones become more 
stable (Davis et al., 2015; Harlow et al., 2012). Thus, postmenopausal women are 
characterized by high FSH levels and low estradiol levels (Davis et al., 2015). The 
term perimenopause is defined as a period from the beginning of the menopausal 
transition until one year after the final menstrual period (Harlow et al., 2012). 

The overall mean age at menopause is 48.8 years, with European women 
having a slightly higher menopausal age (50.5 years) (Schoenaker et al., 2014). In 
the U.S., age at menopause has been reported to increase by 1.5 years from 1959–
1962 to 2015–2018 (from 48.4 years to 49.9 years) (Appiah et al., 2021). While the 
factors explaining the variation between individuals in age at menopause are still 
largely unknown (Davis et al., 2015), it has been reported that genes may explain 
approximately 50% of this variation (Murabito et al., 2005; van Asselt et al., 2004). 
In addition, smoking has been associated with earlier age at menopause in a dose-
response manner, while higher socioeconomic status/education (Gold et al., 2013; 
InterLACE Study Team, 2019; Pelosi et al., 2015; Schoenaker et al., 2014), a higher 
number of parities (Pelosi et al., 2015), and a higher BMI (Tao et al., 2015) has 
been linked with a later menopausal age.  

Studies have been inconsistent regarding the possible association between 
physical activity and age at menopause. Nagata and colleagues (2012) reported 
that among Japanese women with a baseline age of 35–56 years, physical activity 
during the 10-year follow-up was moderately associated with earlier menopausal 
age. In contrast, Dratva and research group (2009) reported that low physical 
activity was associated with an earlier age at menopause compared with high 
and medium physical activity among 30–60-year-old women from nine 
European countries. In line with this, Gudmundsdottir and colleagues (2012) 
reported that physical inactivity was associated with a lower menopausal age 
among Norwegian women with a baseline age of 40–49 years. However, among 
50–59-year-old women from the same sample, no association between physical 
activity and menopausal age was found. The authors concluded that the 
association between physical activity and menopausal age may be age-
dependent (Gudmundsdottir et al., 2012). 
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2.3 Female athletic participation and health 

2.3.1 Definitions of physical activity, exercise, athlete, and sports 
competition 

The most widely accepted definition for physical activity is “any bodily movement 
produced by skeletal muscles that results in energy expenditure,” while exercise 
is defined as “physical activity that is planned, structured, repetitive, and pur-
posive in the sense that improvement or maintenance of one or more components 
of physical fitness is an objective” (Caspersen et al., 1985). Thus, physical activity 
is a wider term consisting of any bodily movement from daily tasks to competi-
tive sports, whereas exercise is a subset of physical activity. Instead, physical fit-
ness is characterized as a set of attributes that people have or achieve and that 
are either health- or skill-related. Health-related attributes can be classified as i) 
cardiorespiratory endurance, ii) muscular endurance, iii) muscular strength, iv) 
body composition, and v) flexibility, while skill-related attributes are related to 
athletic ability (Caspersen et al., 1985).  

The term athlete has been used in a variety of ways in the literature. The 
American Heart Association has defined an athlete as “one who participates in 
an organized team or individual sport that requires systematic training and 
regular competition against others and places a high premium on athletic 
excellence and achievement” (Maron et al., 2007). It has also been suggested that 
for being an athlete, a person must have exercise training and competitions as 
his/her major activity and spend several hours at least most of the days for these 
activities (C. G. S. Araújo & Scharhag, 2016), but this definition has been 
considered too strict as it only applies for professional athletes (MacMahon & 
Parrington, 2017; McKinney et al., 2019). Recently, MacMahon and Parrington 
(2017) suggested that an athlete differs from an exerciser in the motivation and 
goals of an exercise. While an exerciser trains because of, for instance, increasing 
fitness, promoting health, and improving physique, an athlete’s primary goal is 
to improve performance for competition (MacMahon & Parrington, 2017; 
McKinney et al., 2019). Sports competitions, in turn, are organized teams or 
individual sports events that place a high premium on athletic excellence and 
achievement (Pelliccia et al., 2005). A characteristic of competitive sports is that, 
regardless of the level of participation, participants seek to exert themselves 
physically until their limits and improve performance (Pelliccia et al., 2005). 

The level of exercise and competitive sports range from sedentary individ-
uals to world class athletes, and similarly to the term athlete, the level of partici-
pation has been defined in a variety of ways in the literature. Therefore, McKay 
and colleagues (2021) recently presented a 6-tiered Participant Classification 
Framework, which can be used when classifying athletes and non-athletic indi-
viduals. According to the Participant Classification Framework, an individual 
can be classified into one of the following tiers based on his/her training volume 
and performance: Tier 0 = sedentary; Tier 1 = recreationally active; Tier 2 = 



47 
 

trained/developmental; Tier 3 = highly trained/national level; Tier 4 = elite/in-
ternational level; Tier 5 = world class (McKay et al., 2021). 

2.3.2 Competitive sports during the female lifespan 

In Finland, sports club participation among girls starts on average at the age of 6 
years and dropout occurs on average at the age of 11 years (Blomqvist et al., 2019, 
2023). In 2018, over half (58%) of 11-year-old girls and boys were actively 
engaged in sports clubs, while the proportion among 13-year-olds was 46% and 
among 15-year-olds 38% (Blomqvist et al., 2019). In 2022, after the COVID-19 
pandemic, the figures were 53%, 42%, and 34% among 11-, 13-, and 15-year-olds, 
respectively (Blomqvist et al., 2023). In 2018, 23% of the 11–15-year-old girls 
participating in sports clubs competed at the national level (Tier 3; McKay et al., 
2021), while the proportion in 2022 was 9% (Blomqvist et al., 2019, 2023).  Further, 
regional/district-level sports participation was reported by 26% of the 15-year-
old girls participating in sports clubs in 2018 and by 30% of the girls of similar 
ages in 2022 (Blomqvist et al., 2019, 2023). Among Finnish females from upper 
secondary schools (from 16- to 20-year-olds), 32% participate in sports clubs at 
least once a week (Kokko et al., 2021). Of these, 28% competed at the national 
level (Tier 3) and 24% at the regional/district level (Tier 2) (Mononen et al., 2021). 

The timing of competitive sports participation during the lifespan varies 
between individuals being still emphasized to late childhood and adolescence. 
The most talented athletes are usually introduced to organized sports during 
their childhood (about the age of six or seven), become more dedicated at a mean 
age of 12–13 years, and reach their highest competition level in young adulthood 
(Wylleman & Reints, 2010). Nevertheless, there are differences between sports 
disciplines. For example, most elite gymnasts start intensive training at the age 
of eight or nine and reach their highest performance level already during late 
adolescence (G. Kerr & Dacyshyn, 2000). The discontinuation stage, where 
athletes transit out from competitive sports, typically occurs from age 28 
onwards (Wylleman & Reints, 2010). However, some individuals continue their 
competitive sports participation into late adulthood, and some start their 
competitive sports careers after the age of 35 years (Kontro et al., 2022). 

2.3.3 A role of physical activity and competitive sports in female health 

Physical activity/exercise and health-related physical fitness can vary from low 
to high and have important implications for an individual’s health (e.g., 
Caspersen et al., 1985; Haskell et al., 2007). For instance, physical activity in 
adulthood has been associated with reductions in the risk of type 2 diabetes, 
metabolic syndrome, cardiovascular diseases, dementia, and osteoporosis, along 
with colon, breast, and endometrial cancers (Booth et al., 2012) and mortality 
(Ekelund et al., 2019). In addition, physical activity in children and adolescents 
has been reported to be related to a decreased adiposity and cardiometabolic risk 
factors (such as high cholesterol, insulin resistance, and blood pressure) and to 
better physical fitness and bone health (Poitras et al., 2016). Physical activity 
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during childhood and adolescence also seems to have long-term health benefits, 
as it has been linked to better metabolic health in adulthood (Yang et al., 2009). A 
physically active lifestyle during childhood and adolescence also predicts 
physical activity later in life, and changing from a physically inactive lifestyle to 
a physically active lifestyle in adulthood may be challenging (Hirvensalo & 
Lintunen, 2011). In addition, in females, competitive sports participation during 
adolescence has been associated with better bone health in adulthood (Andreoli 
et al., 2012; Erlandson et al., 2012; N. K. Pollock et al., 2006) and better adulthood 
mental health, lower risk of obesity, and lower smoking rates (Callison & Lowen, 
2022). However, not all studies have confirmed this finding regarding the 
association between competitive sports participation in adolescence and later 
bone health (Valdimarsson et al., 2005). It is also known that a type of physical 
activity plays an important role in bone health, as only exercises that include high 
or odd impact are considered beneficial (Tenforde & Fredericson, 2011). 

In addition to physical activity, health-related physical fitness is also an 
important determinant of health. Several studies have demonstrated a link 
between cardiorespiratory fitness and cardiovascular diseases and morbidity 
(Blair et al., 2001; Kodama et al., 2009; Myers et al., 2015). Evidence regarding 
muscular fitness and health is less strong, but the available evidence suggests 
that muscular fitness is an independent protective factor for all-cause and cancer 
mortality as well as metabolic syndrome in adults (Artero et al., 2012). In children 
and adolescents, physical fitness has been associated with lower BMI and 
cardiovascular risk, better insulin resistance, and higher BMD later in life (Artero 
et al., 2012; García-Hermoso et al., 2019; Smith et al., 2014). 

2.3.4 Injuries among female athletes  

As discussed above, participation in sports provides many health benefits. How-
ever, it is also associated with injuries (Maffulli et al., 2011). The International 
Olympic Committee (IOC) has defined sports injury as “a tissue damage or other 
derangement of normal physical function due to participation in sports, resulting 
from rapid or repetitive transfer of kinetic energy” (Bahr et al., 2020). This is dif-
ferent from illness, which is defined as “a complaint or disorder experienced by 
an athlete, not related to injury” (Bahr et al., 2020). According to the IOC (Bahr et 
al., 2020), illnesses are problems in physical (e.g., influenza), mental (e.g., depres-
sion), or social well-being, or the removal or loss of vital elements (e.g., water). 

Traditionally, injuries have been divided into acute and overuse injuries. 
An acute injury results from a specific, identifiable event, and an overuse injury 
is without a specific, identifiable event responsible for its occurrence (Clarsen et 
al., 2013; Fuller et al., 2006). Acute, sudden-onset injuries are most common in 
sports disciplines with high speed and falling risk, while overuse injuries occur 
more commonly in aerobic and technical sports, in which the same movement is 
repeated multiple times (Bahr, 2009). Indeed, overuse injuries have been reported 
to be more common in individual sports than in team sports (Franco et al., 2021). 

Compared to their male counterparts, female athletes have been reported 
to be at a higher risk of specific injuries. These include noncontact anterior 



49 
 

cruciate ligament (ACL) injuries, patellofemoral pain syndrome, and bone stress 
injuries (de Borja et al., 2022; Edison et al., 2022; Hilibrand et al., 2015; Ireland, 
2002; Wentz et al., 2011; Wright et al., 2015). It is thought that anatomical (e.g., 
increased Q angle, that is, the angle formed by the quadriceps muscle and patellar 
tendon), hormonal (higher risk of ACL injury during the follicular phase of the 
menstrual cycle compared with the luteal phase), and neuromuscular (e.g., 
imbalance of hamstring-quadriceps ratio or weakness in gluteal muscles) factors 
contribute to the higher susceptibility of knee injuries among females compared 
to males (American Academy of Family Physicians et al., 2018; Balachandar et al., 
2017; de Borja et al., 2022; Edison et al., 2022; Renstrom et al., 2008). In addition, 
while bone stress injuries are multifactorial, females’ higher risk of these injuries 
is thought to be attributed to, for instance, bone anatomy, lower aerobic capacity, 
and smaller muscles (Wentz et al., 2011). 

2.3.4.1 Association of low energy availability and other lifestyle-related 
factors with injuries 

As described earlier, low EA impairs bone health. Even short-term low EA has 
been linked with decreased bone formation and increased bone resorption in fe-
males (Ihle & Loucks, 2004; Papageorgiou et al., 2017). Interestingly, it was found 
that short-term (three days) low EA induced by dietary restriction was associated 
with decreased bone formation, while low EA induced by increased exercise en-
ergy expenditure did not affect bone formation, highlighting the importance of 
the dietary intake of athletes (Papageorgiou, Martin, et al., 2018). In field-based 
studies investigating bone stress injuries in athletes, direct assessments of EA 
have rarely been conducted; instead, proxies of low EA, for example, MD, later 
AAM, lower BMI, ED/DE, and dietary restraint, are linked with bone stress in-
juries (Ackerman et al., 2015; Barrow & Saha, 1988; Beals & Manore, 2002; Guest 
& Barr, 2005; Myburgh et al., 1990; Nattiv et al., 2013; Nose-Ogura et al., 2019; 
Tenforde et al., 2013). In addition, Barrack and colleagues (2014) showed that the 
risk of bone stress injuries increased with increasing numbers of Triad-related 
risk factors (e.g., low BMD, dietary restraint, and low BMI), so that 15–21% of 
females with only one risk factor developed a bone stress injury compared with 
29–50% of females with three risk factors developing such an injury. Similar find-
ings were found by Gibbs and colleagues (2014) who reported that the risk of low 
BMD increases with an increasing number of Triad risk factors. 

Less evidence has been accumulated on the relationship between low EA 
and non-bone injuries, and the available evidence is conflicting. While some 
studies have reported that DE is associated with musculoskeletal injuries in 
athletes (Rauh et al., 2010; Thein-Nissenbaum et al., 2011; J. J. Thomas et al., 2011), 
other studies have failed to find an association between low EA and injuries 
(Gerlach et al., 2008; Heikura et al., 2018; Vanheest et al., 2014) or between ED/DE 
and injuries (Ackerman et al., 2019; Tenforde et al., 2011). In addition, MD has 
been associated with injuries in some studies (Rauh et al., 2010, 2014), but most 
of them have not found such an association (Beals & Manore, 2002; Bratland-
Sanda et al., 2015; Tenforde et al., 2011; Thein-Nissenbaum et al., 2011). 
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In addition to low EA and its surrogates, other lifestyle-related factors may 
also play a role in the risk of injury. Early sports specialization, defined as “year-
round (8 months or more per year) intensive training in a single sport at the 
exclusion of other sports,” is associated with overuse injuries in young athletes, 
especially in the lower extremities (Myer et al., 2015; Puzzitiello et al., 2021). 
Moreover, a rapid increase in training volume is associated with an increased risk 
of injury (Gabbett, 2016) as is earlier injury (Fulton et al., 2014). Additionally, 
sleeping for less than eight hours per night was found to be associated with 
injuries in elite adolescent athletes (von Rosen et al., 2017). In females, the risk of 
muscle, tendon, and ACL injuries may be highest in the late 
follicular/preovulatory phase of the menstrual cycle (Balachandar et al., 2017; 
Herzberg et al., 2017; Martin et al., 2021). 

2.3.4.2 Effects of injuries on a sports career and later life 

Most injuries heal well, allowing an athlete to return to full sports participation, 
although this does not necessarily mean that the injury will not cause any long-
term consequences in later life (Garrick & Requa, 2003). Indeed, some injuries 
sustained by an athlete may compromise function in later life by causing pain 
and functional limitations (Garrick & Requa, 2003; Kujala et al., 2003; Palmer et 
al., 2021; Thornton et al., 2023). In addition, sports injuries have negative impacts 
on athletes’ psychological well-being causing, for example, depression, sadness, 
isolation, anger, and frustration (American College of Sports Medicine et al., 2006; 
Johnston & Carroll, 2000; Leddy et al., 1994; Putukian, 2016). Moreover, serious 
injuries can cause fear of re-injury along with issues in confidence and 
performance when returning to play (Podlog & Eklund, 2007). Some injuries can 
also force an athlete to terminate his/her sports career. For example, a recent 
study conducted on female soccer players in Poland (n=93) reported that 30% of 
athletes had terminated their athletic careers due to injury (Grygorowicz et al., 
2019). Among the 52 retired Finnish male and female mixed-sport athletes who 
provided a reason for their retirement (n=50), over half (54%) reported that an 
injury resulted in their career termination (Ristolainen et al., 2012). A transition 
from athlete to non-athlete is usually difficult when it is caused by an unplanned 
incident, such as a career-ending injury (Alfermann et al., 2004; Stokowski et al., 
2019).  

A recent meta-analysis found that former athletes’ physical component 
scores assessing physical functioning, bodily pain, general health perceptions, 
and physical role limitations did not differ from those of the general population 
(Filbay et al., 2019). However, the findings of the studies included in the meta-
analysis varied so that three studies reported worse physical component scores 
among athletes compared with the general population, while in three studies, the 
physical component scores among athletes were higher than among the general 
population (Filbay et al., 2019). Indeed, while the well-being of retired athletes 
seems, on average, to be similar or even higher than in the general population, 
there are subgroups of former athletes with lowered health-related quality of life 
linked, for example, with injuries and persistent pain (Z. Y. Kerr et al., 2014; 
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Mannes et al., 2019; Thornton et al., 2023). Moreover, osteoarthritis seems to be 
more prevalent in former athletes than in the general population (Gouttebarge et 
al., 2015). This is probably at least partly a result of joint injuries and consequent 
surgeries, which are linked with an increased risk of early osteoarthritis (Ajuied 
et al., 2014; Gelber et al., 2000; Kujala et al., 1995; L.-J. Wang et al., 2020; Wilder et 
al., 2002). 
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3 AIMS OF THE STUDY 

The first aim of this study was to assess the prevalence rates of low energy 
availability (EA)-related conditions (i.e., eating disorders (ED), disordered eating 
(DE), body weight dissatisfaction, and menstrual dysfunction (MD)) in Finnish 
female athletes. Further, this study aimed to evaluate whether there are 
differences between athletes and non-athletes in terms of these conditions and 
whether athletes of different ages and those competing at different levels and 
sports differ from each other regarding these issues. The last aim of this 
dissertation was to investigate the association of age at menarche (AAM) and 
sports participation during adolescence with health-related physical fitness and 
bone health in middle age and the associations of low EA-related conditions with 
injuries, health, and sports career.  

 
The specific research questions were as follows: 
 

1. What are the prevalence rates of ED, DE, body weight dissatisfaction, and 
MD in Finnish female athletes? (Studies I and III) 

2. Are there differences in low EA-related conditions between athletes and 
non-athletes or between different-aged athletes competing at different lev-
els and sport types? (Studies I, III, and IV) 

3. Is there an association of AAM and competitive sports participation with 
midlife health-related physical fitness components and bone health in 
women? (Study II) 

4. What health- and sports career-related attributes are associated with low 
EA-related factors? (Studies I, III, and IV) 
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4 METHODS 

4.1 Datasets and participants 

Data from four different research projects were used in this dissertation: the Finn-
ish Health Promoting Sports Club (FHPSC) study consisting of baseline and fol-
low-up data (Study I), the Estrogenic Regulation of Muscle Apoptosis (ERMA) 
study (Study II), the Female Athlete 2.0 study (Study III), and the Menstrual 
Function, Eating Attitudes, Body Image, and a Sports Career (MEBS) study 
(Study IV). The datasets, study designs, and participants are summarized in Ta-
ble 1. The time points in the athletes’ lifespans when each study was conducted 
are presented in Figure 7.  
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TABLE 1 Summary of the datasets, study designs, and participants in Studies I–IV. 

Study Dataset Design n Participants 
I FHPSC Observational, 

cross-sec-
tional/longitu-
dinal 

Baseline: 178 ath-
letes + 105 non-
athletes 
Follow-up: 52 
athletes + 159 
non-athletes 

Baseline: 14- to 16-year-old fe-
male athletes and non-athletes 
Follow-up: 18- to 20-year-old 
female athletes and non-ath-
letes 

II ERMA Observational, 
retrospective 

1098 47- to 55-year-old community-
dwelling women 

III Female 
Athlete 
2.0 

Observational, 
cross-sectional 

846 15- to 45-year-old female ath-
letes 

IV MEBS Observational, 
retrospective 

100 athletes + 98 
non-athletes 

30- to 53-year-old females who 
had participated in endurance 
sports in their adolescence, 
and their age-, gender-, and 
municipality-matched peers 

FHPSC = the Finnish Health Promoting Sports Club study; ERMA = the Estrogenic Regula-
tion of Muscle Apoptosis study; MEBS = the Menstrual Function, Eating Attitudes, Body 
Image, and a Sports Career study. 
 

 

FIGURE 7 The time points in the athletes’ lifespan when each study was conducted. The 
time between puberty and menopause marks the reproductive period in a fe-
male’s life. FHPSC = the Finnish Health Promoting Sports Club study; MEBS 
= the Menstrual Function, Eating Attitudes, Body Image, and a Sports Career 
study; ERMA = the Estrogenic Regulation of Muscle Apoptosis study. 
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4.1.1 Finnish Health Promoting Sports Club study (Study I) 

The Finnish Health Promoting Sports Club (FHPSC) study (Kokko et al., 2015) 
was a longitudinal cohort study investigating the health status and behaviors of 
adolescents and young adults participating in sports clubs, in addition to the 
health promotion orientation of those clubs. The baseline data were gathered in 
2013 and the follow-up data in 2017–2018. The participants were 14–16 year-olds 
at baseline and 18–20 year-olds at follow-up. At baseline, 272 sports clubs from 
the 10 most popular sports disciplines in Finland were approached, and 156 clubs 
(85 winter disciplines and 71 summer disciplines) agreed to participate in the 
study. Study I used data from female sports club members who underwent the 
preparticipation screening of the FHPSC study, in which medical history, height, 
and weight were assessed. The inclusion criterion for the athlete in Study I was 
that she had to exercise at least four times a week during the training season. 

At baseline (i.e., in adolescence), the number of total athletes invited to the 
preparticipation screening of the FHPSC study was 1123, from which 699 could 
not be contacted or refused to participate. Thus, 424 athletes underwent the 
preparticipation screening. Of those, 215 were girls, and of those, 37 exercised 
less than four times a week in the training season and were excluded from the 
data used in Study I. Thus, in Study I, there were 178 adolescent athletes. 

At the same time, when collecting data from athletes, data from non-sports 
club members (i.e., non-athletes) were collected from schools. A total of 100 
schools from 159 invited schools agreed to participate, with 512 non-athletes 
invited for the preparticipation screening. Of those, 353 could not be contacted 
or refused to participate, and thus 159 non-athletes underwent the 
preparticipation screening at baseline. Of these, 105 were girls and were included 
in Study I. 

All participants from the baseline who had agreed to be recontacted were 
invited to participate in the follow-up of the FHPSC study. Of the 315 females 
invited, 88 could not be contacted or refused to participate, leaving 227 females 
in the study. Of those, 68 were members of a sports club. Of the sports club 
members, 16 females were excluded from the data used in Study I because they 
exercised less than four times a week during the training season. Thus, at follow-
up (i.e., young adulthood), data from 52 athletes and 159 non-athletes were 
included in Study I. 

4.1.2 Estrogenic Regulation of Muscle Apoptosis study (Study II) 

The Estrogenic Regulation of Muscle Apoptosis (ERMA) study (Kovanen et al., 
2018; Laakkonen et al., 2022) was a population-based study consisting of both 
cross-sectional and longitudinal parts. This study investigated the role of 
hormonal differences associated with menopause on physiological and 
psychological functioning in middle-aged women. In Study II, the cross-sectional 
part of the ERMA study, including data from participants who attended two 
laboratory visits and filled out a questionnaire survey was used. The baseline 
data were collected between January 2015 and November 2016. 
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In the ERMA project, a written invitation was sent to 6878 women 
representing a random sample of 47–55-year-old women living in Jyväskylä or 
neighboring municipalities in Central Finland. The response rate was 46.9% 
(n=3229). Of these, 1102 participated in two laboratory visits and provided a 
questionnaire survey, while 1259 women were excluded due to conditions that 
met the exclusion criteria (see below), and 868 women were unwilling to 
participate or continue their participation. Four questionnaires were lost due to 
technical errors; thus, the final sample size in Study II was 1098. Of those, 988 
provided information on their physical activity in adolescence, and the question 
on AAM was answered by 1081 participants. 

In the ERMA, the exclusion criteria were conditions and the use of 
medications that affect ovarian function. In addition, obesity (self-reported 
BMI >35kg/m2), along with conditions or medications affecting daily physical or 
mental functioning or systemic hormone or inflammatory status, were 
considered exclusion criteria. 

4.1.3 Female Athlete 2.0 study (Study III) 

The Female Athlete 2.0 study was a survey-based cross-sectional study aimed at 
investigating the menstrual cycle and low EA-related problems in Finnish female 
athletes. All female athletes who were at least 15 years old and competed at any 
level (Tier 2 upward; McKay et al., 2021) in any sport were eligible to participate 
in the study. A link to the survey was promoted by the Finnish Olympic 
Committee, along with national sports federations and sports academies, and the 
research team distributed it via social media. 

Data were collected between May and August 2020. Initially, 926 athletes 
filled out the questionnaire. Of these, 32 questionnaires were excluded due to 
incomplete survey responses. In Study III, athletes over 45 years of age (n=23) or 
those who did not report their age (n=9) were excluded for the purpose of 
including only premenopausal women. Furthermore, those who did not report 
their participation level (n=9) or sports discipline (n=7) were excluded. Thus, the 
sample size in Study III was 846. 

4.1.4 Menstrual Function, Eating Attitudes, Body Image, and a Sports Career 
study (Study IV) 

The Menstrual Function, Eating Attitudes, Body Image, and a Sports Career 
(MEBS) study was a retrospective survey study that was conducted for this 
dissertation. Data for the MEBS study were collected between May and July 2022. 

Athletes for the MEBS study were invited through the result lists, with the 
following inclusion criteria: 1) an athlete among the best 30 in junior national 
championships in cross-country running between 1990 and 2005 in the girls’ 
division aged 16 years (from 1990 to 1994) or 17 years (from 1995 to 2005) or 2) an 
athlete among the best 10 in the national youth championships in adolescents’ 
track and field between 1992 and 2003 in the 2000 meter running in the division 
for girls aged 14 years (from 1992 to 1994) or 15 years (from 1995 to 2003). These 
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criteria were chosen with the purpose of 1) having a sufficiently large sample size, 
2) including participants who are well beyond their adolescence to ensure a long 
enough time span between adolescence and response time, and 3) including 
participants who had succeeded in sports during their adolescence, regardless of 
the length of their sports career. 

A total of 295 athletes met the inclusion criteria. Their names and dates of 
birth were collected from the result lists and their postal addresses were collected 
from the population registry. Four athletes could not be identified, and from the 
291 athletes, two were dead and 13 were living abroad. Of these 276 athletes, five 
had unknown addresses. Thus, invitation to participate in the study was sent to 
271 athletes. One of the invited participants indicated that she was not the 
intended person; thus, the final number of invited athletes was 270. 

Two controls, matched for age, municipality, and gender were randomly 
selected from the general population for each available athlete (n=552). One 
invitation was returned by the post office because the selected person had moved 
abroad. 

The response rates for the athletes and controls were 37.0% (100/270) and 
20.1% (111/551), respectively. Thirteen controls reported that they have 
participated in competitive sports and were excluded from the analysis. Thus, 
the final number of controls (i.e., non-athletes) in Study IV was 98. 

4.2 Ethics 

The FHPSC and ERMA studies were approved by the Ethics Committee of the 
Health Care District of Central Finland. The MEBS study was approved by the 
Ethical Committee of the University of Jyväskylä. The Female Athlete 2.0 study 
was considered not to require an ethical review as the Ethical Committee of the 
University of Jyväskylä determined that the study did not meet the criteria set by 
the Finnish National Board of Research Integrity TENK. 

Good scientific practice was followed in every project and in all phases of 
the research. Participants were informed about the study protocols before 
providing their written informed consent. In the FHPSC, informed consent was 
also requested from a guardian when a participant was under 18 years of age. In 
every project, participants were informed that participation was voluntary and 
that they had the right to withdraw from the study at any stage. 

In each project, the data were stored and managed confidentially. Data 
analyses were conducted using pseudonymized data, and data were reported in 
a way that no personal characteristics would be identifiable. 
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4.3 Measurements 

The measurements used in this study are presented in Table 2. Descriptive 
characteristics and covariates are presented in Table 3.  

TABLE 2 Summary of the study variables. 

Variable Study Methods and references 
Eating problems and body per-
ceptions 

  

Restrictive eating  III Single question (Mountjoy et al., 
2015) 

Current or past eating disorder III & IV Single question (Mountjoy et al., 
2015) 

Disordered eating behaviors IV Questionnaire (Gideon et al., 2016) 
Body weight dissatisfaction I Single question 
Desire to lose weight I Single question 
Desire to gain weight I Single question 
The menstrual cycle and puberty   
Menstrual dysfunction I & III Questionnaire (A. Melin et al., 2014) 
Age at menarche/primary amen-
orrhea 

I–IV Single question 

Gynecological age I Single question 
Secondary amenorrhea IV Single question 
Spontaneous menarche  IV Single question (A. Melin et al., 2014) 
Age of attaining regular menses IV Single question 
Regular menses IV Single question (modified from Nico-

demus et al., 2001) 
Cycle length 21–35 days IV Single question (modified from Y.-X. 

Wang et al., 2020) 
Delayed puberty IV Single question 
Hormonal contraceptive use I–III Single questions 
Injury-related variables   
Injury occurrence III Single question (A. Melin et al., 2014) 
Missed participation days due to 
injury 

III Single question (A. Melin et al., 2014) 

Injury-related harms  IV Single question 
Injury-related sports career termi-
nation 

IV Single question (modified from Ris-
tolainen et al., 2012) 

Type of career-ending injury IV Single questions (Bahr et al., 2020) 
Sports career   
Training volume I & III Single question 
Competitive sports participation II & IV Single question 
Type of sports I & III Single question 
Competition level III & IV Single questions (McKay et al., 2021) 
Career length  IV Single questions 
  continues 
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TABLE 2 continues   
Variable Study Methods and references 
Bone parameters and physical fit-
ness components 

  

Bone mineral density II Dual-energy X-ray absorptiometry 
(DXA) 

Fat percentage II Dual-energy X-ray absorptiometry 
(DXA) 

Fat mass index II Dual-energy X-ray absorptiometry 
(DXA) 

Lean mass index II Dual-energy X-ray absorptiometry 
(DXA) 

Appendicular lean mass index II Dual-energy X-ray absorptiometry 
(DXA) 

Hand grip force II Hand grip test 
Isometric knee extension force II Isometric maximal knee extension 

using a custom-made dynamometer 
chair 

Lower body muscle power II Countermovement jump 
Aerobic capacity II 6-minute walking test 
Walking speed II 10-meter walk 

 

TABLE 3 Descriptive characteristics and covariates used in this dissertation study.  

Age I–IV Single question 
Body height I–IV Stadiometer (Studies I and II), self-report (Studies III and IV) 
Body weight I–IV Beam scale (Studies I and II), self-report (Studies III and IV) 
BMI I–IV  
Menopausal status II Bleeding diary, serum FSH concentration 
Education II Single question 
Number of parities II Single question 
MVPA  I & II Hookie AM20 (Study I), 

GT3X+ and wGT3X+ accelerometers (Study II) 
Daily step count I & II Hookie AM20 (Study I), 

GT3X+ and wGT3X+ accelerometers (Study II) 
Self-reported LTPA II Questionnaire (Hyvärinen et al., 2020; Kujala et al., 1998) 

BMI = body mass index; FSH = follicle-stimulating hormone; MVPA = moderate-to-vigor-
ous physical activity; LTPA = leisure-time physical activity. 

4.3.1 Eating problems and body perceptions 

In the Female Athlete 2.0 study (Study III), restrictive eating was assessed by the 
following question from the female athlete triad screening questionnaire 
(Mountjoy, Hutchinson, et al., 2015): “Do you limit or carefully control the foods 
that you eat?” The response options were binary (yes or no). Current or previous 
EDs in the Female Athlete 2.0 study were measured by asking the participants 
whether they currently have or had ever had an ED (Mountjoy, Hutchinson, et 
al., 2015). In the MEBS study (Study IV), participants were asked whether they 
had ever been diagnosed with an ED by a doctor. 
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DE behaviors were assessed in the MEBS study using the Eating Disorder 
Examination Questionnaire (EDE-Q) short form (EDE-QS). EDE-QS is a 12-item 
version of the 28-item EDE-Q and assesses respondent’s perceptions toward 
eating and body image on a 4-point scale (Gideon et al., 2016). EDE-QS has 
demonstrated high internal consistency (Cronbach’s alpha=.913), test-retest 
validity (ICC=.93; p<.001), and convergent validity with the EDE-Q both among 
people with (r=.91) and without (r=.82) an ED (Gideon et al., 2016). Since the 
MEBS study was retrospective, participants were asked to fill out the EDE-QS 
several times by recalling their thoughts at different age periods, i.e., at ages 13–
15, 16–18, 19–21, and 22–25. In addition, the participants completed the EDE-QS 
by thinking about their current situation. EDE-QS scores were calculated for each 
age period, and a cut-off score of ≥15 was used for the presence of DE behaviors 
(Prnjak et al., 2020). The EDE-QS scores were also treated as a continuous variable. 

In the FHPSC study (Study I), the following questions were used to inquire 
about participants’ perceptions of their body weight: “Are you satisfied with 
your present weight?” “Do you think that you should lose weight?” and “Do you 
think that you should gain weight?” The response options were binary “yes” or 
“no.” 

4.3.2 The menstrual cycle and puberty 

All menstrual cycle- and puberty-related variables except menopausal status in 
the ERMA (Study II) were assessed using a questionnaire. Because of the 
differences in the questionnaires used in the FHPSC and the Female Athlete 2.0 
studies, there was a slight discrepancy between the criteria for MD used in 
Studies I and III. In Study I, a participant was assigned to the MD group if she 
reported ≤9 periods in a preceding year, if her menstrual cycle was over 35 days, 
if she had not reached menarche despite being 15 years of age or older, or if she 
had not had periods in the preceding three months, even if she had reached 
menarche (Cobb et al., 2003; Nattiv et al., 2007). In Study III, all other criteria were 
similar than in Study I except the first: in Study III, MD was noted if a participant 
reported having <9 periods in a preceding year (Elliott-Sale et al., 2021). In 
addition, in Study III, MD was noted if a participant reported using hormonal 
contraceptives to restore the absent menstrual cycle (Koltun et al., 2020). 

In Study I, participants who reported using hormonal contraceptives (oral 
contraceptives, implants, injections, transdermal patches, vaginal rings, or 
intrauterine systems, etc.) at all, and in Study III participants who reported using 
oral contraceptives for reasons other than to maintain the menstrual cycle (i.e., 
contraception, reduction in menstrual pains, reduction in bleeding, and 
regulation of the menstrual cycle in relation to performance) were excluded from 
the analyses regarding MD. In addition, in Study I, participants whose menstrual 
cycle was 36–89 days and whose gynecological age (chronological age minus 
AAM) was one year or less were excluded from the analysis regarding MD. This 
was because after menarche, it takes time to achieve a regular menstrual cycle. 
However, menstrual cycles exceeding 90 days are not normal, even when they 
occur in the first gynecological year (ACOG, 2015). 
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The AAM was assessed using an open-ended question in the FHPSC, 
ERMA, and MEBS studies (Studies I, II, and IV, respectively). In the Female 
Athlete 2.0 study (Study III), the response options were categorized as follows: 
≤11, 12–14, ≥15, I do not remember, or I have never menstruated (A. Melin et al., 
2014). Primary amenorrhea was defined as the absence of menarche by the age 
of 15 years in Studies I and III (Elliott-Sale et al., 2021; Nattiv et al., 2007). In 
Studies III and IV, the criterion for primary amenorrhea was an absence of 
menarche by the age of 16 years because the participants in the ERMA and MEBS 
studies were in their adolescence mostly at times when this criterion was effective 
(Nattiv et al., 2007; Practice Committee of the American Society for Reproductive 
Medicine, 2004). Secondary amenorrhea (Study IV) was defined as the absence of 
at least three menstrual bleedings for reasons other than pregnancy or the use of 
hormonal contraceptives (Elliott-Sale et al., 2021; Nattiv et al., 2007). 

In the MEBS (Study IV), participants were asked whether their menarche 
occurred spontaneously (by itself) or whether they were treated for delayed 
menarche (A. Melin et al., 2014). They also reported the age at which they 
attained a regular menstrual cycle, defined as a 21–35 day long cycle in which 
menses are predictable within 10 days at a maximum. In addition, participants 
reported whether they had had regular menses during their sports career 
(athletes) or ever (non-athletes) at times when they did not use hormonal 
contraceptives. The response options were: “always,” “nearly always,” 
“sometimes,” “seldom,” “never or I have never had periods,” “I always used 
hormonal contraceptives,” and "I do not know" (modified from Nicodemus et al., 
2001). In addition, participants were asked to report the length of their usual 
menstrual cycle at the times when they did not use hormonal contraceptives with 
the following response options: “under 21 days,” “21–35 days,” “36–90 days,” 
“over 90 days,” “my periods were too irregular for estimation of the length of the 
cycle,” “I always used hormonal contraceptives”, and "I do not know" (modified 
from Y.-X. Wang et al., 2020). 

Participants in the MEBS study also reported whether they had been 
examined by a medical professional because of delayed puberty. Current 
hormonal contraceptive (e.g., oral contraceptives, transdermal patches, vaginal 
rings, intrauterine systems, or other hormonal contraceptives) use was assessed 
using a questionnaire in the FHPSC (Study I) and the Female Athlete 2.0 (Study 
III) studies. Furthermore, lifetime hormonal contraceptive use was investigated 
through a questionnaire in the ERMA study (Study II). 

4.3.3 Injuries 

In the Female Athlete 2.0 study (Study III), injury and missed participation days 
from training or competition due to injury were assessed using questions from 
the Low Energy Availability in Females Questionnaire (LEAF-Q) (A. Melin et al., 
2014). First, the participants were divided into two groups based on their injury 
status during the preceding year as follows: injured participants, i.e., those who 
had had absences from training or competitions during the preceding year 
because of sports injury/injuries (either an acute or an overuse injury) and non-
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injured participants, i.e., those who had not had absences from training or 
competitions during the preceding year because of sports injury/injuries. Second, 
the injured participants were classified into two groups based on the number of 
missed participation days as follows: those who had missed ≥22 participation 
days because of injuries during the preceding year and those who had missed 
<22 participation days because of injuries during the preceding year. 

Injury-related harms during the sports career were assessed in the MEBS 
study (Study IV) by asking the athletes whether injuries or musculoskeletal pain 
hindered their sports careers. The response options were: “not at all or very little: 
I usually did not have to skip competitions or pause normal training because of 
injury or musculoskeletal pain,” “somewhat: I sometimes had to skip 
competitions and/or pause normal training because of injury or musculoskeletal 
pain,” “quite a lot: I regularly had to skip competitions and/or pause normal 
training for a long time because of injury or musculoskeletal pain,” and 
“significant amount: I often had to skip competitions and pause training for a 
long time because of injury or musculoskeletal pain.” The two first and two last 
response options were combined for analyses. 

In addition, in the MEBS, retired athletes were asked whether an injury or 
several injuries had contributed to their decision to terminate their sports career. 
The response options were: “not at all,” “some injury or several injuries 
contributed to sports career termination,” and “some injury or several injuries 
was/were the main cause for terminating the sports career.” The two last 
response options were combined for analyses. 

Athletes in the MEBS study also reported whether there was an acute or 
overuse injury that impacted their decision to terminate their careers. An acute 
injury was defined as an injury that occurs suddenly or accidentally, interrupts 
training or ability to compete, or causes an identifiable trauma. An overuse injury 
was defined as an injury that causes worsening pain during or after exercise 
without any noticeable external cause of injury (Ristolainen et al., 2012). Athletes 
in the MEBS also provided information on the type of career-ending 
injury/injuries, which were further classified by tissue, as recommended by Bahr 
and colleagues (Bahr et al., 2020). 

4.3.4  Sports career 

In the FHPSC study (Study I), athletes were asked about their training hours per 
week for competition and training seasons. They were asked to include training 
hours from their primary discipline and any other training in which they were 
engaging. In the Female Athlete 2.0 study (Study III), participants were asked to 
estimate how many hours they had trained in the past year. 

In the ERMA (Study II), competitive sports participation at ages 7–12, 13–
16, 17–19, 20–29, 30–39, and 40–50 was asked using a questionnaire. The 
questionnaire included four options to choose from for each age category: 1) no 
exercise, 2) regular independent leisure-time physical activity, 3) regular other 
supervised physical activity in a sports club, etc., and 4) regular competitive sport 
and training related to that sport (Hirvensalo et al., 2000). A definition for regular 
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independent leisure-time physical activity was physical activity during a journey 
to or from school/work (>2 km/one way) or regular physical activity causing 
sweating, which was not organized by a school, sports club, fitness center, etc. 
Supervised physical activity was defined as regular, non-competitive physical 
activity organized by a fitness center, sports club, etc., while competitive sport 
and related training was defined as goal-oriented, regular competitive sport 
within a sports club etc., and competing and training in that discipline. 
Participants were assigned into three groups based on their responses regarding 
ages 13–16 years as follows: no-exercise group (respondents who chose the 
response option 1), regular physical activity group (respondents who chose the 
response option 2 or 3), and athletes (respondents who chose the response option 
4). 

In the MEBS study (Study IV), participants invited to the control group were 
asked if they had ever participated in competitive sports. Those who responded 
positively were excluded. Regarding the type of sports, sports disciplines were 
classified into endurance, aesthetic, technical, ball games, and power/anti-
gravitation sports in Study I and lean and non-lean sports in Study III. In Study 
I, modified criteria by Sundgot-Borgen and Torstveit (2004) were used, and in 
Study III, sports disciplines were categorized into lean and non-lean sports 
according to Torstveit and Sundgot-Borgen’s (2005) criteria. 

Athletes’ competition levels were assessed in both the Female Athlete 2.0 
(Study III) and MEBS (Study IV) studies by asking athletes to choose their current 
(Female Athlete 2.0) or highest (MEBS) competition levels from the following 
response options: “recreational athlete” (only in Female Athlete 2.0), 
“regional/district level,” “national level,” and “international level.” If an athlete 
in the MEBS study had had specialized in more than one discipline, the highest 
competition level in the first and main disciplines was inquired about separately. 
In Study III, athletes were classified into elite (competing at the national or 
international level, i.e., Tiers 3 and ≥4; McKay et al. 2021) or non-elite (competing 
at regional/district level or being a recreational athlete, i.e., Tier 2) athletes. In 
Study IV, national- and international-level athletes were categorized into their 
own groups (Tiers 3 and ≥4; McKay et al., 2021). One athlete in the MEBS data 
reported that her highest competition level had been regional/district level and 
she was classified into the group of national-level athletes in the analysis. 

Career length was assessed in the MEBS study (Study IV) by asking athletes 
at what age they started goal-oriented (at least two times a week) training in the 
first discipline they competed in and at what age they terminated their sports 
career. Sports career termination was defined as terminating a sports career at 
the level one had practiced and actively competed in (Ristolainen et al., 2012). 
Career length was calculated by subtracting the sports career starting age from 
the age at the end of the career. If an athlete had not ended her sports career, the 
length of the career was calculated by subtracting the starting age from the age 
at response. 
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4.3.5 Bone mineral density and physical fitness components  

Femoral neck areal BMD and body composition in the ERMA study (Study II) 
were assessed by dual-energy X-ray absorptiometry (DXA; LUNAR; GE 
Healthcare, Chicago, IL, USA) after an overnight fast. Fat percentage, fat and lean 
mass indexes, and appendicular lean mass index (ALMI) were calculated from 
the DXA-derived parameters as follows: fat percentage = total fat mass (kg) ÷ 
total mass (kg) × 100; fat mass index = fat mass (kg) ÷ height squared (m2); lean 
mass index = lean mass (kg) ÷ height squared (m2); ALMI = (arms lean mass (kg) 
+ legs lean mass (kg)) ÷ height squared (m2). 

Cardiorespiratory and muscular fitness in middle age was measured in the 
ERMA using multiple performance tests measuring hand grip, maximal 
isometric knee extension strength, lower body muscle power, aerobic capacity, 
and walking speed. Hand grip force was measured on the dominant arm using 
an adjustable dynamometer chair (Good Strength, Metitur Oy, Palokka, Finland) 
with the elbow flexed at a 90° angle. Participants were instructed to squeeze the 
handle for 2–3 s as forcefully as possible. 

Maximal isometric knee extension force was assessed from the side of the 
dominant hand using a custom-made dynamometer chair (Good Strength, Meti-
tur Oy, Palokka, Finland). Participants were in a sitting position and were in-
structed to extend the knee toward a full extension to produce maximal force. 

Lower body muscle power was measured with a countermovement jump 
performed on a contact mat. Vertical jumping height (cm) was calculated as 
follows: (g × t2) / 8 × 100, where g is the acceleration of gravity (9.81 m/s2) and t 
is the recorded flight time in seconds. In all three above-mentioned muscle 
strength and power tests, 3–5 maximal attempts were performed, and the highest 
value was recorded. 

Aerobic capacity was assessed with a 6-minute walking test on a 20-meter 
indoor track. Participants were encouraged to walk as many laps as possible in 
six minutes, and the distance walked in meters was recorded as a result. 

Walking speed was assessed via a 10-meter walk in a laboratory corridor 
using photocells. Five meters were allowed for acceleration before the starting 
line. Two attempts were performed, and the fastest result was recorded. 

4.3.6 Descriptive measurements and covariates 

Age/date of birth (all studies), education (ERMA; Study II), and number of 
parities (ERMA) were asked by a questionnaire. In Study III, athletes were 
categorized into younger and older athletes as follows: younger = 15–24 years of 
age, older = 25–45 years of age. Weight and height were measured with a 
stadiometer and a beam scale, respectively, in the FHPSC (Study I) and ERMA 
(Study II) studies, and were self-reported in the Female Athlete 2.0 (Study III) 
and MEBS (Study IV) studies. BMI was calculated as body weight (kg) divided 
by height squared (m2). In Study I, participants were divided into three groups 
according to their BMI. In adolescence, BMI was age-adjusted using the 
participants’ mean age (15 years) (Cole et al., 2000, 2007). The classification was 
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as follows: BMI <17.5kg/m2: underweight, BMI = 17.5-23.9kg/m2: normal weight, 
and BMI >23.9kg/m2: overweight. In young adulthood, the cut-offs were as 
follows: BMI <18.5kg/m2: underweight, BMI 18.5–24.9kg/m2: normal weight, 
and BMI ≥25.0kg/m2: overweight. 

Menopausal status (premenopausal, early perimenopausal, late 
perimenopausal, and postmenopausal) in the ERMA (Study II) was assessed 
according to slightly modified Stages of Reproductive Aging Workshop + 10 
guidelines (Harlow et al., 2012) by bleeding diaries and measuring serum FSH 
concentrations and are explained in detail in the protocol article of Kovanen et al. 
(2018). 

Physical activity was measured using accelerometers in the FHPSC (Study 
I) and using self-reports and accelerometers in the ERMA (Study II). 
Accelerometer-measured physical activity was assessed using triaxial 
accelerometers (Hookie AM20, Traxmeet Ltd., Espoo, Finland, in the FHPSC and 
ActiGraph GT3X+ and wGT3X, Pensacola, FL, USA, in the ERMA). In both 
FHPSC and ERMA studies, participants were instructed to wear the 
accelerometer on their hips during waking hours (excluding activities in water) 
for seven consecutive days. In ERMA, participants were also provided with a 
diary in which they were instructed to report their wake-up time, working hours, 
and periods when the accelerometer was removed for over 30 minutes. 

In the FHPSC (Study I), accelerometer-measured data analysis was based 
on algorithms that employed the mean amplitude deviation (MAD) of the 
resultant acceleration in 6-s epochs and the angle for posture estimation of the 
body. As the MAD had been validated through directly measured incident 
oxygen uptake from slow walking to fast running on an indoor track (Vähä-Ypyä 
et al., 2015), it was possible to convert the MAD values into metabolic equivalents 
of tasks (METs). MET values 3–6 were used as cut-offs for moderate activities, 
and over 6 MET for vigorous activities (Sievänen & Kujala, 2017). 

In the ERMA (Study II), accelerometer-measured data were analyzed in 60-
s epochs. Corresponding triaxial vector magnitude cut-off points for moderate 
and vigorous physical activity were >2690–6166 counts per minute and >6166 
counts per minute, respectively (Laakkonen et al., 2017; Sasaki et al., 2011). 

In both FHPSC and ERMA, the mean times spent in moderate and vigorous 
activity per day were summed to obtain the total mean time spent in moderate-
to-vigorous physical activity (MVPA) per day. In addition, the mean step count 
per day during the monitoring week was recorded. 

Self-reported physical activity in the ERMA was assessed using a series of 
modified, structured questions (Kovanen et al., 2018; Kujala et al., 1998). 
Participants reported the frequency, mean duration, and mean intensity of their 
physical activity sessions as well as physical activity during commuting. The 
METs of physical activity were calculated as a product of the frequency, duration, 
and intensity of physical activity during leisure time and commuting. The 
following MET values were used: 4 for exercise intensity corresponding to 
walking and for physical activity during commuting, 6 for vigorous walking to 
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jogging, 10 for jogging, and 13 for running. Self-reported physical activity during 
leisure time and commuting was expressed as MET-hours/day. 

4.4 Statistical analyses 

Continuous variables were tested for normality prior to the statistical analysis. 
Descriptive statistics were reported as means and standard deviations for contin-
uous variables, and as counts and percentages for categorical variables. In Study 
III, medians and interquartile ranges for non-normally distributed data were pre-
sented. 

Differences between groups for categorical data were tested using chi-
square or Fisher’s exact tests. For continuous data, differences between two 
groups were analyzed using a two-independent-sample t-test or Mann–Whitney 
U test (Studies I, III, and IV) and between three groups by one-way analysis of 
variance (ANOVA) with Bonferroni post-hoc pairwise comparisons or Kruskal-
Wallis rank sum test with subsequent pairwise comparisons (Study II). 
Adjustments for potential confounding factors were made using analysis of 
covariance (ANCOVA) in Study II. The following confounders were included in 
all the adjusted models: age, menopausal status, number of parities, education, 
and hormonal contraceptive use during the 10 preceding years. Moreover, 
physical activity level at age 13–16, self-reported leisure-time physical activity in 
midlife, and AAM were considered confounders in the models in which they 
were not treated as independent variables. 

In Study I, McNemar’s test was used to analyze the differences in the 
proportions of participants with MD in adolescence and young adulthood. 
Binary logistic regression was used to investigate the associations of adolescents’ 
BMI, MD, attitudes toward body weight, physical activity, and AAM on MD in 
young adulthood in Study I and to determining crude and adjusted odds ratios 
(OR) and their 95% confidence intervals (CIs) for the association of ED, restrictive 
eating, and MD with injury occurrence and missed participation days in Study 
III. 

In Study IV, longitudinal analyses of the EDE-QS scores at different age 
stages were conducted using Friedman’s non-parametric test for repeated 
measures with pairwise post-hoc comparisons. Friedman’s test was used because 
of the non-normal distribution of the outcome variable. Associations of primary 
and secondary amenorrhea and eating behaviors at different age stages with 
sports career-related outcome variables were analyzed using generalized 
estimation equation (GEE) models with an exchangeable working correlation 
matrix. GEE does not require outcome variables to be normally distributed, and 
it can be used in estimating population-average effects in repeatedly measured 
data as it takes into account the within-subject correlation between the different 
measurements (Ballinger, 2004). In the GEE models, primary and secondary 
amenorrhea, together with EDE-QS scores, were used as independent variables. 
Models were adjusted for the age phase (i.e., time). Only EDE-QS scores at the 
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age of each athlete’s sports career were considered and scores after the age of 
sports career termination were excluded. Ages 13–15, 16–18, and 19–21 years 
were included in the models, as most of the athletes had terminated their sports 
careers by the age of 23 years. Missing data were not imputed.  

All statistical analyses in Studies I–III and descriptive analyses, as well as 
the Friedman’s test in Study IV were conducted using the Statistical Package for 
Social Sciences (SPSS) Versions 24.0 and 26.0 (IBM, Armonk, NY, USA). The GEE 
models in Study IV were performed using R Project for Statistical Computing 
version 4.0.2 (R core team, Vienna, Austria). Statistical significance was set at 
p<.05, two-tailed. 
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5 OVERVIEW OF THE RESULTS 

5.1 Participant characteristics  

The background characteristics of the participants in the FHPSC (Study I), ERMA 
(Study II), Female Athlete 2.0 (Study III), and MEBS (Study IV) studies whose 
data were used in this dissertation study are presented in Table 4. Menstrual 
cycle-related characteristics from these participants are shown in Table 5. 

The athletes had higher AAM compared with the non-athletes in Study I in 
adolescence and in Study IV, while no differences in AAM were found among 
young adult athletes and non-athletes in Study I or between former athletes and 
non-athletes in Study II (Table 5). However, when the participants of Study II 
were classified into groups of AAM ≤12, 13, and ≥14 years of age, the athletes and 
the regular physical activity group differed from the no-exercise group in terms 
of AAM (p=0.01; data not shown). 



TABLE 4 Background characteristics of the participants from the different datasets used in this study. 

FHPSC 
(Study I) 

FHPSC2 
(Study I) 

ERMA 
(Study II) 

FA 2.0 
(Study III) 

MEBS 
(Study IV) 

Athletes 
(n=178) 

Non-
athletes 
(n=105) 

Athletes 
(n=52) 

Non- 
athletes 
(n=159) 

Athletes 
(n=136) 

RPA 
(n=689) 

NE 
(n=163) 

Athletes 
(n=846) 

Athletes 
(n=100) 

Non- 
athletes 
(n=98) 

Age, years 14.9 ± 
0.6 

15.0 ± 
0.4 

18.8 ± 
0.7 

18.9 ± 
0.7 

50.9 ± 
2.0* 

51.4 ± 
2.1* 

51.6 ± 
2.0* 

24.3 ± 
7.5 

39.6 ± 
4.5 

39.4 ± 
4.5 

BMI, kg/m2 20.9 ± 
2.2* 

21.8 ± 
3.1* 

22.2 ± 
2.4 

23.4 ± 
3.9a

25.4 ± 
3.7b 

25.6 ± 
3.8c 

25.2 ± 
3.4d 

23.2 ± 
3.6e 

22.0 ± 
2.5f* 

26.2 ± 
5.8* 

Bachelor or higher educa-
tion, n (%) 

N/A N/A N/A N/A 66 (48.5)* 286 (41.5)* 56 (34.4)* N/A N/A N/A 

Number of parities N/A N/A N/A N/A 2.0 ± 1.1* 2.1 ± 1.2g* 1.9 ± 1.4* N/A N/A N/A 
Menopausal status, n (%) N/A N/A N/A N/A N/A N/A N/A 
   Premenopausal 41 (30.1) 189 (27.4) 40 (24.5)h 

   Early perimenopausal 26 (19.1) 128 (18.6) 32 (19.0)h 
   Late perimenopausal 29 (21.3) 133 (19.3) 34 (20.9)h 
   Postmenopausal 40 (29.4) 239 (34.7) 58 (35.6)h 
MVPA/day, hr:min 1:19 ± 

0:28i* 
0:59 ± 
0:23j* 

1:21 ± 
0:38k* 

0:54 ± 
0:30l* 

0:54 ± 
0:31m 

0:50 ± 
0:26n 

0:47 ± 
0:23o 

N/A N/A N/A 

Step count/day 9310 ± 
2816i* 

7674 ± 
2535j* 

10117 ± 
4273k* 

7236 ± 
3179l* 

8903 ± 
2887m 

8698 ± 
2872n 

8510 ± 
2398o 

N/A N/A N/A 

LTPA, MET-hr/day N/A N/A N/A N/A 4.9 ± 4.0* 4.2 ± 3.7* 3.6 ± 2.8* N/A N/A N/A 
Data are presented as means ± standard deviations unless otherwise indicated. 
an=158; bn=113; cn=609; dn=146 en=841; fn=99; gn=687; hn=161; in=164; jn=87; kn=39; ln=130; mn=88; nn=516; on=126. 
*Denotes statistically significant difference (p<.05) between the groups of the same dataset.
FHPSC1 = the Finnish Health Promoting Sports Club study baseline; FHPSC2 = the Finnish Health Promoting Sports Club study follow-up;
ERMA = Estrogenic Regulation of Muscle Apoptosis study; FA = the Female Athlete 2.0 study; MEBS = the Menstrual Function, Eating Atti-
tudes, Body Image, and a Sports Career study; RPA = regular physical activity group; NE = no-exercise group; BMI = body mass index; N/A =
not applicable; MVPA = moderate-to-vigorous physical activity; LTPA = leisure-time physical activity (self-reported); MET = metabolic equiva-
lent of task.



TABLE 5 Menstrual cycle-related characteristics of the participants from the different datasets used in this study. 

FHPSC 
(Study I) 

FHPSC2 
(Study I) 

ERMA 
(Study II) 

FA 2.0 
(Study III) 

MEBS 
(Study IV) 

Athletes 
(n=178) 

Non-
athletes 
(n=105) 

Athletes 
(n=52) 

Non- 
athletes 
(n=159) 

Athletes 
(n=136) 

RPA 
(n=689) 

NE 
(n=163) 

Athletes 
(n=846) 

Athletes 
(n=100) 

Non- 
athletes 
(n=98) 

AAM, years 12.7 ± 
1.1a* 

12.2 ± 
1.1b* 

12.9 ± 
1.5c 

12.5 ± 
1.3 

13.0 ± 
1.3d 

13.0 ± 
1.4e 

12.8 ± 
1.2f 

14.0 ± 
2.0* 

12.5 ± 
1.2h* 

   <12 years, n (%) 104 (12.7)g 

   12–14 years, n (%) 599 (73.0)g 
   ≥15 years, n (%) 117 (14.3)g            
Gynecological age, years 2.4 ± 

1.2a* 
2.8 ± 
1.1b* 

5.9 ± 
1.6c 

6.3 ± 
1.4 

N/A N/A N/A N/A N/A N/A 

Age at regular menses, 
years 

N/A N/A N/A N/A N/A N/A N/A N/A 16.0 ± 
3.7i* 

14.7 ± 
2.9i* 

Hormonal contraceptive 
use, n (%) 

9 
(5.1)* 

18 
(17.1)* 

21 
(40.4)j 

79 
(49.7)k 

85 
(62.5)$* 

350 
(50.8)$* 

80 
(49.1)$* 

352 
(42.6) 

N/A N/A 

Data are presented as means ± standard deviations unless otherwise indicated. 
an=165; bn=104; cn=50; dn=134; en=677: fn=162; gn=820; hn=97; in=82; jn=51; kn=157. 
*Denotes statistically significant difference (p<.05) between the groups of the same dataset; $At some point of life.
FHPSC1 = the Finnish Health Promoting Sports Club study baseline; FHPSC2 = the Finnish Health Promoting Sports Club study follow-up;
ERMA = the Estrogenic Regulation of Muscle Apoptosis study; FA = the Female Athlete 2.0 study; MEBS = the Menstrual Function, Eating Atti-
tudes, Body Image, and Sports a Career study; RPA = regular physical activity group; NE = no-exercise group; AAM = age at menarche; N/A =
not applicable.
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The athletes in this study engaged in various sports disciplines. In Study I, there 
were 53 (29.8%) endurance athletes, 62 (34.8%) aesthetic athletes, 42 (23.6%) ball 
game athletes, 18 (10.1%) athletes in power or anti-gravitation sports, and 3 (1.7%) 
technical sports athletes in adolescence. In young adulthood, the number of 
athletes in each sports category was as follows: endurance, n=22 (42.3% of the 
athletes); aesthetic, n=12 (23.1%); ball games, n=10 (19.2%); and power/anti-
gravitation: n=8 (15.4%). None of the athletes in young adulthood engaged in 
technical sports. 

In Study II, the most common sports disciplines among the participants 
who participated in competitive sports at age 13–16 were track and field (n=39, 
28.7%), volleyball (n=28, 20.6%), cross-country skiing (n=25, 18.4%), running 
(n=23, 16.9%), Finnish baseball (n=10, 7.4%), and gymnastics (n=10, 7.4%). Most 
of the participants who engaged in competitive sports at age 13–16 reported 
competing in two or more sports disciplines (n=98, 72.1%). 

The athletes in Study III represented 67 different sports disciplines. A total 
of 545 (64.4%) of the athletes engaged in lean sports, while the remaining 301 
(35.6%) participated in non-lean sports. The most common lean sports among the 
athletes were weightlifting (n=51, 6.0% of the whole sample), figure skating (n=51, 
6.0%), cheerleading (n=43, 5.1%), and cross-country skiing (n=42, 5.0%). Among 
non-lean sport athletes, the most common sports were soccer (n=78, 9.2%), ice 
hockey (n=33, 3.9%), and American football (n=22, 2.6%). A total of 625 (73.9%) 
of the athletes were classified as elite athletes (national or international level), and 
496 (58.6%) of the athletes were grouped into the younger athletes group. 

In Study IV, 83 (83%) of the athletes had had only one main discipline, while 
17 had specialized in at least two disciplines. The disciplines in which the athletes 
had started their sports careers were distance running (n=64, 64%), track and 
field (n=16, 16%), cross-country skiing (n=12, 12%), and other (orienteering, 
swimming, gymnastic, and Finnish baseball; n=8, 8%). Participants who had 
commenced their sports careers in gymnastics or Finnish baseball had later 
changed to endurance sports. All track and field athletes had competed in 
middle- and long-distance running, and one had also participated in jumping 
disciplines. 

Table 6 shows the age, BMI, and training hours of the athletes classified 
according to their level of participation, age, and type of sports (lean/non-lean) 
in Study III. Elite athletes were younger and trained more than non-elite athletes, 
younger athletes had lower BMI and higher training hours than older athletes, 
and lean sport athletes had lower BMI than non-lean sport athletes (Table 6). 
Moreover, over half (55.3%) of the participants in Study III reported sustaining 
an injury during the preceding year, and 30.8% of those athletes reported that 
they had missed at least 22 participation days due to an injury (data not shown). 
In Study I, no statistically significant differences in MD were found between the 
athletes who engaged in different types of sports, but the number of athletes in 
each category was low. 
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TABLE 6 Age, body mass index (BMI), and training hours of the athletes in Study III 
classified according to their competition level, age, and type of sport. 

 Age (years),  
mean ± SD 

BMI (kg/m2), 
median (IQR) 

Training hoursa, 
median (IQR) 

Non-elite athletes  27.0 (8.6)* 
(n=221) 

22.8 (21.0–25.1) 
(n=219) 

484 (250–574)* 
(n=189) 

Elite athletes 23.3 (6.8)* 
(n=625) 

22.5 (20.8–24.2) 
(n=622) 

600 (450–786)* 
(n=537) 

Younger athletes 19.0 (2.6)* 
(n=496) 

22.5 (20.7–23.8)* 
(n=491) 

624 (436–850)* 
(n=413) 

Older athletes 31.8 (5.4)* 
(n=350) 

23.2 (21.1–25.6)* 
(n=350) 

467 (300–600)* 
(n=313) 

Lean sport athletes 24.3 (5.8) 
(n=545) 

22.3 (20.6–24.1)* 
(n=544) 

540 (390–730) 
(n=484) 

Non-lean sport athletes 24.4 (6.9) 
(n=301) 

23.2 (21.6–25.4)* 
(n=297) 

561 (380–728) 
(n=242) 

aDuring the preceding year. 
*Statistically significant difference (p<.05) compared to the comparison group.  
SD = standard deviation; IQR = interquartile range. 
 
In Study IV, 94% (n=94) of the athletes reported that they had ended their sports 
careers. Among those who had already retired, the mean length of the career was 
12.0 ± 5.8 years (n=92). Thirty-four athletes (34%) reported having competed at 
the international level (Tier ≥4; McKay et al. 2021), while 65 (65%) had competed 
at the national level (Tier 3), and one (1%) reported that the regional/district level 
(Tier 2) was her highest competition level. Sixteen athletes (n=16%) reported that 
injuries or musculoskeletal pain had affected their sports career quite a lot or a 
significant amount, and 44.7% (n=42) of the retired athletes reported that an 
injury had influenced their sports career termination. 

Ten (23.8%) of the retired athletes in Study IV reported that an acute injury 
had contributed to their career termination, while 34 (81.0%) athletes reported 
that an overuse injury played a role in their career termination. Indeed, two 
athletes reported that acute and overuse injuries contributed to their career 
termination. Twenty (47.6%) athletes who had terminated their career because of 
injuries identified one single contributing injury, while 22 (52.4%) athletes 
reported several injuries that had impacted their decision to terminate their 
career. The most common acute injury reported was ligament/joint capsule 
injury (n=6, 14.3%), and the most common overuse injuries were muscle/tendon 
injuries and non-specific injuries, i.e., undiagnosed pains (n=13, 31.0% for both). 

5.2 Prevalence of low energy availability-related conditions 
among athletes and non-athletes 

Tables 7 and 8 summarize the prevalence rates of low EA-related conditions 
among study participants from different datasets and comparisons between 
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athletes and non-athletes. In general, athletes tended to have higher rates of MD 
and delayed puberty, while non-athletes tended to be more dissatisfied with their 
weight than athletes and wanted to lose weight more often (Table 7). No 
differences were found in lifetime ED prevalence (Table 7) or eating behaviors 
between athletes and non-athletes at any age (Table 8). However, athletes and 
non-athletes differed in terms of changes in the EDE-QS scores over time, with 
the trends in the EDE-QS scores of athletes fluctuating more than the scores of 
non-athletes. Among the athletes, significant differences were observed between 
ages 13–15 and 16–18 (p<.001), 13–15 and 19–21 (p=.004), 16–18 and 22–25 
(p=.038), 16–18 and currently (p=.001), and between ages 19–21 and currently 
(p=.008). Among the non-athletes, significant differences were found only 
between ages 13–15 and 22–25 (p=.013) and between ages 22–25 and current EDE-
QS scores (p=.034). However, after the Bonferroni correction for multiple tests, 
significant differences were observed only among the athletes between ages of 
13–15 and 16–18 (p=.002), 13–15 and 19–21 (p=.040), and 16–18 and currently 
(p=.005), while no differences were found among the non-athletes between the 
respective age ranges (Table 8). 



TABLE 7 Low energy availability-related conditions in athletes and non-athletes in the Finnish Health Promoting Sports Club study base-
line (FHPSC1), Finnish Health Promoting Sports Club study follow-up (FHPSC2), Estrogenic Regulation of Muscle Apoptosis 
study (ERMA), Female athlete 2.0 study (FA 2.0) and Menstrual Function, Eating Attitudes, Body Image, and a Sports Career 
study (MEBS). 

FHPSC1 
(Study I) 

FHPSC2 
(Study I) 

ERMA 
(Study II) 

FA 2.0 
(Study III) 

MEBS 
(Study IV) 

Athletes Non-
athletes 

Athletes Non-
athletes 

Athletes Non- 
athletes$ 

Athletes Athletes Non- 
athletes 

Current or past eating disorder, 
n (%) 

N/A N/A N/A N/A N/A N/A 155/843 
(18.4) 

7/98 
(7.1) 

8/95 
(8.4) 

Restrictive eating, n (%) N/A N/A N/A N/A N/A N/A 207/841 
(24.6) 

N/A N/A 

Current menstrual dysfunction, 
n (%) 

25/141 
(17.7) 

14/80 
(17.5) 

12/31 
(38.7) 

4/71 
(5.6) 

N/A N/A 160/506 
(31.6) 

N/A N/A 

Secondary amenorrhea, n (%)* N/A N/A N/A N/A N/A N/A N/A 31/91 (34.1) 20/98 (20.4) 
Regular menses, n (%)* N/A N/A N/A N/A N/A N/A N/A 50/92 (54.3) 72/92 (78.3) 
Cycle length 21–35 days, n (%)* N/A N/A N/A N/A N/A N/A N/A 55/85 (64.7) 81/91 (89.0) 
Primary amenorrheaa, n (%) 14/172 

(8.1) 
0/102 
(0.0) 

6/50 
(12.0) 

12/159 
(7.5) 

5/134 
(3.7) 

33/839 
(3.9) 

129/832 
(15.5) 

20/100 
(20.0) 

2/98 
(2.0) 

Spontaneous menarche, n (%) N/A N/A N/A N/A N/A N/A 821/838 
(98.0) 

93/100 
(93.0) 

98/98 
(100.0) 

Delayed puberty, n (%) N/A N/A N/A N/A N/A N/A N/A 13/100 
(13.0) 

2/98 
(2.0) 

Dissatisfied with weight, n (%) 32/174 
(18.4) 

46/104 
(44.2) 

12/51 
(23.5) 

59/157 
(37.6) 

N/A N/A N/A N/A N/A 

Desire to lose weight, n (%) 33/171 
(19.3) 

45/103 
(43.7) 

15/51 
(29.4) 

72/155 
(46.5) 

N/A N/A N/A N/A N/A 

Desire to gain weight, n (%) 24/172 
(14.0) 

4/100 
(4.0) 

1/48 
(2.1) 

8/148 
(5.4) 

N/A N/A N/A N/A N/A 

$Regular physical activity and no-exercise groups combined; *During the sports career (athletes) or ever (non-athletes). Statistically significant 
differences (p<.05) between athletes and non-athletes from the same dataset are indicated in bold. N/A = not applicable. 
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TABLE 8 Eating disorder examination questionnaire short form (EDE-QS) scores of the 
athletes and non-athletes in Study IV. 

 Athletes  
(n=100) 

Non-athletes 
(n=98) 

P-value 

EDE-QS scores, mean ± SD     
                            At age 13–15 6.3 ± 7.3 6.4 ± 7.4 .943 
                            At age 16–18 8.4 ± 7.9* 7.3 ± 7.7 .340 
                            At age 19–21 8.0 ± 8.0a,* 7.4 ± 7.8 .589 
                            At age 22–25 7.2 ± 7.4b 7.5 ± 7.8 .737 
                            Currently 5.6 ± 6.4$ 6.0 ± 6.2 .697 
EDE-QS ≥ 15, n (%)    
                            At age 13–15 16 (16.0) 15 (15.3) .893 
                            At age 16–18 20 (20.0) 18 (18.4) .771 
                            At age 19–21 19 (19.8)a 15 (15.3) .411 
                            At age 22–25 17 (18.9)b 13 (13.3) .293 
                            Currently 12 (12.0) 10 (10.2) .688 

an=96; bn=90. 
*Differed statistically significantly (p<.05) from the EDE-QS scores at age 13–15 after the 
Bonferroni correction for multiple tests; $Differed statistically significantly (p<.05) from the 
EDE-QS scores at age 16–18 after the Bonferroni correction for multiple tests. SD = standard 
deviation.  
 
Table 9 presents the prevalence rates and differences in current or previous ED, 
restrictive eating, and MD by participation level, age, and type of sports (Study 
III). No differences were found between elite and non-elite athletes. Younger 
athletes reported higher rates of MD and lower rates of ED, while lean sport 
athletes exhibited higher rates of ED, restrictive eating, and MD. 

TABLE 9 Proportion of athletes reporting current or past eating disorder (ED), restric-
tive eating (RE), and menstrual dysfunction (MD) by participation level, age, 
and type of sports in Study III. 

 ED RE MD 
Non-elite athletes, n (%) 40/221 (18.1) 54/219 (24.7) 33/122 (27.0) 
Elite athletes, n (%) 115/622 (18.5) 153/622 (24.6) 127/384 (33.1) 
OR (95% CI) 0.97 (0.66–1.45) 1.00 (0.70–1.43) 0.75 (0.48–1.18) 
Younger athletes, n (%) 72/494 (14.6) 116/494 (23.5) 111/317 (35.0) 
Older athletes, n (%) 83/349 (23.8) 91/347 (26.2) 49/189 (25.9) 
OR (95% CI) 0.55 (0.39–0.78) 0.86 (0.63–1.19) 1.54 (1.03–2.29) 
Lean sport athletes, n (%) 112/543 (20.6) 146/542 (26.9) 115/323 (35.6) 
Non-lean sport athletes, n (%) 43/300 (14.3) 61/299 (20.4) 45/183 (24.6) 
OR (95% CI) 1.55 (1.06–2.28) 1.44 (1.03–2.02) 1.70 (1.13–2.55) 

Statistically significant differences (p<.05) are indicated in bold. 
OR = odds ratio; CI = confidence interval. 
 
Differences in attitudes toward weight between athletes and non-athletes of 
different weight categories in adolescence (Study I) are presented in Table 10. 
Athletes in the normal-weight category were less dissatisfied with their weight 
(p=.006) than non-athletes in that category. Normal-weight athletes had a lower 
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desire to lose weight (p=.01) and a higher desire to gain weight (p=.04) than non-
athletes in the same weight category. Similarly, athletes in the overweight 
category were less dissatisfied with their weight than non-athletes in the same 
category (p=.004). Athletes in the overweight category also wished to lose weight 
less often than non-athletes in the overweight category (p=.004). 

TABLE 10 Attitudes toward weight in adolescent athletes and non-athletes by different 
weight groups in Study I. 

 Athletes  Non-athletes 
 Under-

weight 
(n=7) 

Normal 
weight 
(n=150) 

Over-
weight 
(n=18) 

 Under-
weight 
(n=7) 

Normal 
weight 
(n=70) 

Overweight 
(n=27) 

Dissatis-
fied with 
weight 

1 (14.3) 23 (15.3)N 8 (44.4)O  1 (14.3) 22 (31.4)N 23 (85.2)O 

Desire to 
lose 
weight 

0 (0.0) 27 (18.0)N 8 (44.4)O  0 (0.0) 23 (32.9)N 23 (85.2)O 

Desire to 
gain 
weight 

2 (28.6) 20 (13.3)N 1 (5.6)  1 (14.3) 3 (4.3)N 0 (0.0) 

Data are presented as counts (percentages). N and O denote statistically significant differ-
ence (p<.05) between athletes and non-athletes in the normal and overweight categories, 
respectively. 
 
In young adulthood (Study I), athletes in the overweight category less 
dissatisfied with their weight (p=.005) and had less desire to lose weight (p=.001) 
than non-athletes in that category. No differences in attitudes toward weight 
were found between athletes and non-athletes in the normal and underweight 
categories (Table 11). 
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TABLE 11 Attitudes toward weight in young adult athletes and non-athletes by  
different weight groups in Study I. 

 Athletes  Non-athletes 
 Under-

weight 
(n=1) 

Normal 
weight 
(n=43) 

Overweight 
(n=8) 

 Under-
weight 
(n=10) 

Normal 
weight 
(n=107) 

Overweight 
(n=40) 

Dissat-
isfied 
with 
weight 

0 (0.0) 10 (23.3) 2 (25.0)O  1 (10.0) 27 (25.2) 32 (80.0)O 

Desire 
to lose 
weight 

0 (0.0) 13 (30.2) 2 (25.0)O  0 (0.0) 37 (34.6) 35 (87.5)O 

Desire 
to gain 
weight 

0 (0.0) 1 (2.3) 0 (0.0)  4 (40.0) 4 (3.7) 0 (0.0) 

Data are presented as counts (percentages). O denotes statistically significant difference 
(p<.05) between athletes and non-athletes in the overweight category. 

5.3 Associations between age at menarche and midlife 
characteristics 

Midlife health-related physical fitness components and bone health of the 
participants according to their menarcheal age in Study II are presented in Table 
12. There was a linear downward trend in middle-aged BMI, fat percentage, and 
fat mass index across the menarcheal age groups, with later AAM being 
associated with a lower BMI, fat percentage, and fat mass index in middle age. 
All pairwise comparisons were statistically significant except for fat percentage 
between the group of AAM ≤ 12 years and the group of AAM = 13 years. Femoral 
neck BMD was higher in the group reporting AAM of ≤ 12 years compared with 
the group with AAM of ≥ 14 years. The only difference in cardiorespiratory and 
muscular fitness tests between the AAM groups was found in jumping height, 
where the group of AAM ≥ 14 years performed better than the group of AAM ≤ 
12 years. 

The differences in BMI, fat percentage, fat mass index, and jumping height 
remained significant after adjusting for confounding factors. No differences 
between the groups were found in BMD after the adjustment, but an exclusion of 
postmenopausal women from this analysis demonstrated an inverse association 
between AAM and BMD even after adjusting for confounding factors (p=.041). 
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TABLE 12 Midlife health-related physical fitness components and bone health of partic-
ipants according to their age at menarche (AAM) in Study II. 

 AAM ≤ 12 AAM = 13 AAM ≥ 14 P-
value 

Adj. p- 
valuea 

BMI, kg/m2 26.2 ± 3.8M,L 

(n=335) 
25.4 ± 3.5L 

(n=341) 
24.6 ± 3.5 
(n=266) <.001 <.001 

Fat percentage 36.4 ± 6.9L 

(n=315) 
35.1 ± 7.4L 

(n=319) 
33.1 ± 8.0 
(n=247) <.001 <.001 

FMI, kg/m2 9.7 ± 3.0M,L 

(n=315) 
9.1 ± 3.0L 

(n=319) 
8.4 ± 3.1 
(n=247) <.001 <.001 

LMI, kg/m2 15.5 ± 1.3 
(n=315) 

15.3 ± 1.3 
(n=319)  

15.3 ± 1.2 
(n=247) .135 .047 

ALMI, kg/m2 6.7 ± 0.7 
(n=315) 

6.6 ± 0.7 
(n=319)  

6.6 ± 0.6 
(n=247)  .237 .124 

FN BMD, g/cm2 0.97 ± 0.1L 

(n=315) 
0.96 ± 0.1 
(n=319) 

0.94 ± 0.1 
(n=247) .034 .056 

Hand grip, N 314 ± 62 
(n=321) 

315 ± 59 
(n=324)  

311 ± 57 
(n=254) .715 .195 

Knee extension force, N 469 ± 95 
(n=282) 

458 ± 90 
(n=271) 

460 ± 100 
(n=230) .344 .442 

Jumping height, cm 18.7 ± 4.1L 

(n=300) 
19.2 ± 4.1 
(n=302) 

19.8 ± 4.5 
(n=243) .013 .013 

Walking speed, m/s 2.6 ± 0.5 
(n=319) 

2.7 ± 0.4 
(n=324) 

2.7 ± 0.5 
(n=255)  .443 .507 

6-min walking dist., m 666 ± 61 
(n=300) 

670 ± 57 
(n=293) 

674 ± 63 
(n=240) .259 .093 

The data are presented as means ± standard deviations. 
aAdjusted for physical activity level at ages 13–16, self-reported leisure-time physical activ-
ity in midlife, age, menopausal status, number of parities, education, and hormonal contra-
ceptive use during the 10 preceding years. 
M and L indicate statistically significant differences (p<.05) between the middle and the lat-
est menarcheal groups, respectively. 
Statistically significant p-values are indicated in bold. 
BMI = body mass index; FMI = fat mass index; LMI = lean mass index; ALMI = appendicular 
lean mass index; FN BMD = femoral neck bone mineral density. 
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5.4 Associations between sports participation in adolescence and 
midlife characteristics 

The correlation coefficients between the physical activity level at age 13–16 and 
the physical activity levels at ages 7–12, 17–19, 20–29, 30–39, and 40–50 are 
presented in Table 13 (Study II). The correlations with the physical activity level 
at age 13–16 were at their highest at ages 7–12 and 17–20 and gradually decreased 
thenceforth. All the other correlation coefficients were statistically significant 
except for the correlation between physical activity levels at ages 13–16 and 40–
50. 

TABLE 13 Correlation coefficients and their p-values between the physical activity level 
at age 13–16 and other age categories in Study II.  

Age category Correlation coefficient P-value 
7–12 .54 <.001 
17–19 .60 <.001 
20–29 .29 <.001 
30–39 .19 <.001 
40–50 -.02 .463 

Statistically significant correlations (p<.05) are indicated in bold. 
 
Table 14 presents the midlife health-related physical fitness components and 
bone health of the participants according to their physical activity level at age 13–
16 in Study II. The athletes had higher lean mass index, ALMI, and femoral neck 
BMD than the participants in the other two groups. They also performed better 
in cardiorespiratory and muscular fitness tests. Differences in lean mass index, 
ALMI, femoral neck BMD, and physical fitness test results between the athletes 
and the other two groups persisted after adjusting for potential confounders. 
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TABLE 14 Midlife characteristics of participants according to physical activity level at 
age 13–16 in Study II. 

 Athletes Regular 
PA 

No 
exercise P-value Adj. p-

valuea 

Fat percentage 33.3 ± 7.3R 

(n=101) 
35.4 ± 7.5 
(n=584) 

35.0 ± 7.2 
(n=138) .028 .026 

FMI, kg/m2 8.7 ± 2.9 
(n=101) 

9.3 ± 3.1 
(n=584) 

9.0 ± 2.8 
(n=138) .143 .062 

LMI, kg/m2 15.8 ± 1.3R,N 

(n=101) 
15.3 ± 1.3 
(n=584) 

15.2 ± 1.3 
(n=138) .002 .001 

ALMI, kg/m2 6.9 ± 0.7R,N 

(n=101) 
6.6 ± 0.6 
(n=584) 

6.6 ± 0.7 
(n=138) <.001 .001 

FN BMD, g/cm2 1.00 ± 0.13R,N 

(n=101) 
0.96 ± 0.12 
(n=584) 

0.95 ± 0.12 
(n=138) <.001 .002 

Hand grip force, N 334 ± 57R,N 

(n=106) 
314 ± 60 
(n=590) 

306 ± 54 
(n=142) .001 .002 

Knee extension force, N 509 ± 100R,N 

(n=92) 
461 ± 90 
(n=508) 

442 ± 91 
(n=118) <.001 <.001 

Jumping height, cm 21.3 ± 4.1R,N 

(n=101) 
19.0 ± 4.1 
(n=547) 

18.7 ± 4.1 
(n=136) <.001 <.001 

Walking speed, m/s 2.9 ± 0.5R,N 

(n=106) 
2.6 ± 0.4 
(n=591) 

2.6 ± 0.4 
(n=140) <.001 <.001 

6-min walking dist., m 697 ± 58R,N 

(n=95) 
668 ± 61 
(n=543) 

661 ± 55 
(n=131) <.001  .001 

The data are presented as means ± standard deviations. 
aAdjusted for self-reported leisure-time physical activity in midlife, age, menarcheal age, 
menopausal status, number of parities, education, and hormonal contraceptive use during 
the 10 preceding years. 
R and N indicate significant difference (p<.05) from the regular physical activity and no-
exercise groups, respectively. 
Statistically significant p-values are indicated in bold. 
PA = physical activity; FMI = fat mass index; LMI = lean mass index; ALMI = appendicular 
lean mass index; FN BMD = femoral neck bone mineral density. 
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5.5 Factors associated with eating problems, body weight 
perceptions, and menstrual dysfunction 

5.5.1 Cross-sectional differences and associations 

In Study III, athletes who reported current or previous ED or restrictive eating 
were more likely to have suffered an injury during the previous year than those 
who did not report these eating problems. No differences were found in injury 
occurrence by menstrual status; however, athletes who reported MD were more 
likely to report ≥22 days of injury-related absence from training or competitions 
in the preceding year than those who reported menstruating regularly (Table 15). 

TABLE 15 Frequencies and proportions of athletes with one or more injuries during the 
preceding year and athletes with ≥22 missed participation days due to inju-
ries during the preceding year along with crude odds ratios by eating disor-
ders (ED), restrictive eating (RE), and menstrual dysfunction (MD) in Study 
III. 

One or more injuries  ≥22 missed participation days due to injuriesa 

Variable n Proportion 
(%) OR (95% CI)  Variable n Proportion 

(%) OR (95% CI) 

No ED 362 52.6 Ref  No ED 117 32.6 Ref 
ED 105 67.7 1.89 (1.31–2.73)  ED 26 25.0 0.69 (0.42–1.13) 
No RE 339 53.5 Ref  No RE 104 30.8 Ref 
RE 128 61.8 1.41 (1.02–1.94)  RE 39 31.2 1.02 (0.66–1.59) 
No MD 187 54.0 Ref  No MD 50 27.3 Ref 
MD 87 54.4 1.01 (0.70–1.48)  MD 35 40.2 1.79 (1.05–3.07) 
a Only injured participants were included in this analysis. 
Statistically significant odds ratios (p<.05) are indicated in bold. 
OR = odds ratio; CI = confidence interval. 
 
The association of ED (OR 2.29, 95% CI 1.52–3.44) and restrictive eating (OR 1.50 
95% CI 1.05–2.14) with the occurrence of injury during the previous year in all 
participants persisted after adjusting for BMI, training hours in the preceding 
year, and age. However, in the adjusted model, no association was found 
between MD and missed participation days (OR 1.63, 95% CI 0.91–2.91). 

When investigating these associations in different groups of athletes, the 
relationship between ED and injuries was found among elite (OR 1.91, 95% CI 
1.24–2.93) and non-elite athletes (OR 2.41, 95% CI 1.11–5.23), among older (OR 
2.46, 95% CI 1.44–4.19), lean (OR 1.91, 95% CI 1.24–2.93), and non-lean athletes 
(OR 2.41, 95% CI 1.11–5.23). The association between restrictive eating and injury 
occurrence was observed among non-elite athletes (OR 1.90, 95% CI 1.01–3.57) 
and lean sport athletes (OR 1.68, 95% CI 1.14–2.47), but not among elite, non-lean, 
younger, or older athletes. The relationship between MD and ≥22 missed 
participation days was observed among elite (OR 2.37, 95% CI 1.28–4.36) and lean 
sport athletes (OR 2.07, 95% CI 1.05–4.11). 



 
 

 

82 
 

 

Table 16 shows differences in BMI, training volume, and MVPA in athletes 
with and without MD (Studies I and III), ED, and restrictive eating (Study III). 
Athletes who reported MD had lower BMI (Study I, adolescence, and Study III), 
trained more (Study III), and had higher rates of MVPA (Study I, young 
adulthood) than those who reported regular menstrual cycles. However, athletes 
who reported MD in adolescence in Study I reported fewer weekly training hours 
than those who did not report MD. No differences in BMI or training volume 
were found among those with and without ED or restrictive eating. 

TABLE 16 Body mass index (BMI), training volume, and amount of moderate-to-vigor-
ous physical activity (MVPA) among participants reporting and not report-
ing current or past eating disorder (ED), restrictive eating (RE), and men-
strual dysfunction (MD) in Studies I and III. 

 BMI, kg/m2 Training volume, 
hr* 

MVPA per day, 
hr:min 

Study I, adolescence mean ± SD mean ± SD mean ± SD 
MD$ (n=31) 20.1 ± 2.0 8.9 ± 3.5a 1:17 ± 0:30c 

No MD (n=116) 21.5 ± 2.2 10.5 ± 4.3b 1:18 ± 0:26d 

P-value 0.002 0.042 0.907 
Study I, young  
adulthood 

mean ± SD mean ± SD mean ± SD 

MD (n=12) 22.6 ± 3.3 12.7 ± 4.6 1:37 ± 0:22e 

No MD (n=19) 22.6 ± 2.5 10.9 ± 4.3 0:57 ± 0:26f 

P-value 0.985 0.289 0.001 
Study III median (IQR) median (IQR)  
ED (n=155) 22.3 (20.6–24.1) 555 (366–726)h N/A 
No ED (n=688) 22.6 (21.0–24.4)g 540 (400–730)i N/A 
P-value .198 .983  
RE (n=207) 22.5 (20.6–24.8)j 600 (364–800)l N/A 
No RE (n=634) 22.6 (21.0–24.3)k 520 (390–720)m N/A 
P-value .741 .092  
MD (n=160) 21.6 (20.1–23.6)n 627 (414–832)p N/A 
No MD (n=346) 22.7 (21.0–24.3)o 550 (400–720)q N/A 
P-value <.001 .041  

an=27; bn=113; cn=26; dn=107; en=9; fn=14; gn=683; hn=136; in=588; jn=205; ; kn=631; ln=179; 
mn=543; nn=158; on=344; pn=134; qn=294. 
*During a week in the training season in Study I and during the preceding year in Study 
III; $Current MD (n=25) or history of primary amenorrhea within the preceding year (n=6). 
Statistically significant differences (p<.05) between the groups are indicated in bold.  
SD = standard deviation; IQR = interquartile range; N/A = not applicable. 
 
In Study I in adolescence, higher weight satisfaction was associated with lower 
BMI among the athletes (p=.01), while a higher desire to lose weight was linked 
with higher BMI among the athletes (p=.02). No relationship was found between 
a desire to gain weight and BMI in the adolescent athletes (p=.28). In the young 
adult athletes, no differences were found in attitudes toward weight between the 
three weight groups. 
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5.5.2 Longitudinal associations 

In the longitudinal analysis in Study I, MD in adolescence was the only variable 
that predicted MD in young adulthood in those who had been athletes in 
adolescence (OR 18.00, 95% CI 3.69–87.70, p=.001) and also in all participants (OR 
11.33, 95% CI 3.26–39.34, p<.001). BMI, body weight perceptions, physical 
activity, or AAM assessed in adolescence were not found to be associated with 
MD in young adulthood (p>.05 for all). 

In Study IV, 19 (19%) of the athletes reported DE during their sports career 
and 17 of them had retired from sports. Thirty-five percent (n=6) of the retired 
athletes with DE behaviors during their sports career also reported current DE 
compared with 8% (n=6) of the retired athletes reporting current DE without DE 
during their sports career (p=.001). A similar association was observed among 
the non-athletes: current DE was more likely among those who reported DE at 
least at some point during ages 13–21 than among those without DE at that age 
(43% vs 1%, p<.001). 

The GEE model in Study IV showed an inverse relationship between EDE-
QS scores and sports career length, with one point in the EDE-QS score associated 
with a 0.15-year shorter sports career. In addition, secondary amenorrhea was 
associated with a lower participation level, injury-related harms during the 
career, and injury-related sports career termination (Table 17). 

TABLE 17 Associations of eating behaviors and menstrual history with sports career 
length, participation level, injury-related harms during the sports career, and 
injury-related sports career termination in Study IV. 

Models are adjusted for age (categories 13–15, 16–18, and 19–21). 
Statistically significant differences (p<.05) are indicated in bold. 
B = unstandardized regression coefficient; CI = confidence interval; OR = odds ratio; PA = 
primary amenorrhea; SA = secondary amenorrhea; EDE-QS = Eating Disorder Examination 
Questionnaire short form scores. 
 

 Career length 
(n=100) 

Participation 
level (n=100) 

Injury-related 
harms (n=100) 

Injury-related career 
termination (n=94) 

 B 95% CI OR 95% CI OR 95% CI OR 95% CI 
PA 2.28 -0.55, 5.11 1.09 0.54–2.21 1.22 0.53–2.81 0.61 0.30–1.23 
SA -0.16 -2.05, 1.72 0.51 0.27–0.95 4.00 1.88–8.48 1.89 1.02–3.51 
EDE-QS -0.15 -0.26, -0.05 0.99 0.95–1.03 0.97 0.93–1.01 1.01 0.97–1.05 
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6 DISCUSSION 

This dissertation study showed that low EA-related conditions, such as ED, DE 
behaviors, body weight dissatisfaction, and MD are not uncommon problems 
among Finnish female athletes. However, while MD was more common in 
athletes, athletes did not differ from their non-athletic peers in terms of ED or DE 
behaviors. In addition, athletes showed less body weight dissatisfaction and a 
desire to lose weight than did non-athletes. Athletes who competed in lean sports 
were at a higher risk for ED, DE, and MD than athletes who participated in non-
lean sports, and younger athletes exhibited higher rates of MD than older athletes. 
No association was found between DE behaviors and athletes’ levels of 
competition. Later AAM was associated with lower BMI and fat mass at midlife, 
but also lower BMD in pre- and perimenopausal women regardless of 
adjustments for potential confounding factors. Sports participation in 
adolescence was associated with higher midlife LBM and BMD and better midlife 
cardiorespiratory and muscular fitness. ED and restrictive eating were associated 
with a higher injury risk. Higher EDE-QS scores, indicating more unhealthy 
attitudes toward eating and body image, were associated with a shorter sports 
career. Secondary amenorrhea was associated with higher rates of injury-related 
harms during the sports career and career termination due to injury. DE during 
the sports career predicted DE after the career, and MD in adolescence predicted 
MD in young adulthood. 

6.1 Prevalence of low energy availability-related conditions 
among athletes 

6.1.1 Attitudes toward eating and body weight perceptions 

In the present study, the prevalence of ED among athletes varied from 7.1% 
(Study IV) to 18.4% (Study III), depending on the data. The prevalence of DE 
behaviors among athletes, in turn, varied from 16.0% (EDE-QS scores ≥15 at age 
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13–16 in Study IV) to 24.6% (restrictive eating in Study III). However, even higher 
prevalence rates were observed when investigating subsamples of athletes. For 
example, 23.8% of the older athletes in Study III reported past or current ED, and 
26.9% of the athletes who participated in lean sports reported DE (i.e., restrictive 
eating). All these figures lie in between the prevalence rates found by other 
studies (5–47%) (Bratland-Sanda & Sundgot-Borgen, 2013; Dervish et al., 2022; 
Kampouri et al., 2019; Rousselet et al., 2017; Shriver et al., 2016; Whitehead et al., 
2020). 

Body weight dissatisfaction was reported by 18.4% of the adolescent 
athletes and 23.5% of the young adult athletes in this study. However, almost half 
(44.4%) of the adolescent athletes in the overweight group were dissatisfied with 
their weight. About one-fifth of the adolescent athletes (19.3%) and almost one-
third (29.4%) of the young adult athletes desired to lose weight, even when some 
of them were already classified as normal weight. However, these figures are 
lower than those observed among female U.S. Olympic marathon trial 
participants, among which body weight dissatisfaction was reported to be 44.5% 
(Sophia et al., 2022). In a recent meta-analysis, the prevalence of body weight 
dissatisfaction among non-athletic adolescents ranged from 18–57% (Martini et 
al., 2022). The findings of this study are at the lower end of this range. In addition, 
some studies conducted on athletes have found higher rates of desire to lose 
weight than were found in the current study. For example, in a study conducted 
on female collegiate gymnasts, swimmers, and divers with a mean age of 19.1 
years, a desire to lose weight was reported by 55% of the participants (Tackett et 
al., 2016). In addition, a study conducted on Portuguese mixed-sports female and 
male athletes with a mean age of 17.8 years and competing at regional, national, 
and top levels of their sports reported that 51.4% of the participants set their ideal 
weight lower than their present weight (Gomes et al., 2011).  

The differences in findings regarding the prevalence of ED/DE and body 
dissatisfaction are likely related to the sample and/or assessment method (de 
Bruin, 2017). Some sports have a higher risk of ED/DE than others, which will be 
discussed further in subsection 6.2.2. In addition, there are plenty of different 
self-report methods regarding DE/ED used in the studies, but few of them have 
been validated in the athletic population (Pope et al., 2015). Methods for 
assessing body image/weight satisfaction, in turn, vary considerably from study 
to study, making the comparison between studies challenging. Moreover, many 
athletes have been found to underreport the use of pathogenic weight control 
methods in self-reports compared with clinical interviews (Martinsen & 
Sundgot-Borgen, 2013). Selection bias may also play a role, as athletes with eating 
and/or body image problems may be more or less prone to participating in these 
studies than athletes without such issues. Finally, COVID-19 pandemic has been 
reported to lead to worsening of DE behaviors and body image issues (Buckley 
et al. 2021). Thus, it is possible that data collected after the beginning of COVID-
19 pandemic, as was the case in Study III, are influenced by the COVID-19 
pandemic. 
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The rather high prevalence of eating problems, body dissatisfaction, and 
desire to lose weight found among both athletes and non-athletes is concerning 
given that both body dissatisfaction (S. B. Wang et al., 2019) and also DE 
behaviors (Micali et al., 2017; Neumark-Sztainer et al., 2011; Pearson et al., 2017) 
have been reported to be relatively stable from adolescence to adulthood. 
Pressure to be thin, thin-ideal internalization, and body dissatisfaction at the age 
of 14 years have been associated with future ED in girls (Rohde et al., 2015). 
Moreover, body dissatisfaction has been reported to be associated with higher 
levels of dieting and unhealthy weight control methods, as well as lower levels 
of physical activity among girls, regardless of BMI (Neumark-Sztainer et al., 
2006). Body dissatisfaction and weight concerns also predict overweight (Haines 
et al., 2007), and body satisfaction, not body dissatisfaction, appears to be 
beneficial for weight management in overweight adolescent girls (Loth et al., 
2015; van den Berg & Neumark-Sztainer, 2007). Moreover, body image problems 
have been associated with low self-esteem and depressive symptoms (Holsen et 
al., 2001; Paxton et al., 2006). Thus, to prevent further health issues, attention 
should be paid to the prevention and early identification of body dissatisfaction 
and the promotion of body satisfaction in adolescent girls.  

It has been stated that sports environment can support and hinder the 
development of body satisfaction and that every stakeholder, including coaches, 
parents, referees, and sports administrators, in addition to athletes themselves, 
can contribute to this environment (Koulanova et al., 2021). For example, coaches’ 
communication about body image and the value they place on body weight and 
composition, rather than performance, play an important role in female athletes’ 
body image (Beckner & Record, 2016; Koulanova et al., 2021). In addition, coach-
related weight pressure and critical comments about weight from coaches, family 
members, peers, etc. are associated with higher rates of DE behaviors (Gomes et 
al., 2011; G. Kerr et al., 2006; Muscat & Long, 2008). All stakeholders of the athlete 
can reduce the risk of athlete’s body dissatisfaction and eating problems by acting 
as body-positive role models, making support resources accessible, discussing 
negative body image with athletes, and valuing skills over appearance. In 
addition, it is important to present images of female athletes that represent a 
variety of body shapes and sizes, use uniforms that are comfortable and fit for 
every type of body, and educate coaches on athletes’ body image concerns 
(Koulanova et al., 2021). Furthermore, coaches and other people working with 
athletes, and parents of adolescent athletes should be able to identify early signs 
of eating and body image issues. These include behavioral changes, such as 
avoidance of eating-related social activities and secretive behavior relating to 
eating and/or exercise, physical changes, such as rapid weight changes, and 
physiological changes, such as declining mental health (K. R. Wells et al., 2020). 
Thus, athletes’ stakeholders play important roles in preventing body image- and 
eating-related issues and identifying their early signs. 
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6.1.2 Menstrual dysfunction  

In this study, the prevalence of MD among athletes ranged from 17.7% (Study I, 
adolescence) to 38.7% (Study I, young adulthood). While previous studies have 
shown that MD is prevalent among athletes (e.g., Hoch et al., 2009; Nichols et al., 
2006, 2007; Tenforde et al., 2017; Thein-Nissenbaum et al., 2011; Torstveit & 
Sundgot-Borgen, 2005), few studies have addressed this issue among Finnish 
athletes (Fogelholm & Hiilloskorpi, 1999; Heikura et al., 2018). The present study 
showed that MD prevalence in Finnish athletes seems to be in line with studies 
conducted in other Western countries and with a study conducted in Finnish 
athletes over two decades ago (Fogelholm & Hiilloskorpi, 1999). For example, in 
a large study conducted among Norwegian athletes from a variety of sports with 
a mean age of 21.3 years (n=938), the prevalence of current MD was 16.5% 
(Torstveit & Sundgot-Borgen, 2005). In addition, in a study conducted on mixed-
sports athletes (n=323) from the U.S. with a mean age of 20.0 years, the prevalence 
of MD (oligomenorrhea or secondary amenorrhea) was 26.8% (Tenforde et al., 
2017). Moreover, in a study conducted by Fogelholm and Hiilloskorpi (1999), MD 
was found among 32–37% of 14–40 year-olds athletes participating in aesthetic, 
endurance, and weight-class sports, whereas the prevalence rates of similar-aged 
speed and ball game athletes were lower. In another study, however, 50% of 
Finnish world-class female middle- and long-distance runners and race walkers 
(n=12) were amenorrheic (Heikura et al., 2018). Studies conducted on adolescent 
mixed-sport athletes have shown prevalence rates between 19% and 24% 
(Nichols et al., 2006, 2007; Thein-Nissenbaum et al., 2011, 2012), which is slightly 
higher than our finding on MD prevalence in adolescent athletes in Study I. Some 
of these studies (Nichols et al., 2006, 2007; Thein-Nissenbaum et al., 2011), 
however, did not report excluding females with hormonal contraceptives from 
the analyses. Thus, the findings may not be fully comparable with the findings 
of the current study. 

The prevalence of primary amenorrhea among athletes in this study ranged 
from 3.7% (Study II) to 20.0% (Study IV). In Study I, the prevalence among 
adolescent athletes was 8.1%, which is fairly consistent with the prevalence rates 
of 8.9%, 7.3%, and 6.0% found in other studies (Beals & Hill, 2006; Hoch et al., 
2009; Torstveit & Sundgot-Borgen, 2005). However, in some studies, the 
prevalence of primary amenorrhea among athletes was found to be low, at about 
1% (Martinsen et al., 2010; Nichols et al., 2006, 2007; Thein-Nissenbaum et al., 
2012). The prevalence of primary amenorrhea in Study IV is even higher than the 
11.8% found in a study by Tenforde and colleagues (2017) and nearly as high as 
the 21.9% found by Torstveit and Sundgot-Borgen (2005) among aesthetic 
athletes. As the athletes in Study IV were going through puberty in the 1990s and 
early 2000s, recall bias may play a role. However, in Study II, the participants 
were older than in those in Study IV, yet less than 4% of those with a competitive 
sports background reported primary amenorrhea. One possible explanation for 
the variation in findings may be the differences between lean and non-lean sport 
athletes. These differences are discussed in subsection 6.2.2. 
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6.2 Between-group comparisons 

6.2.1 Athletes and non-athletes 

Studies comparing the prevalence of ED or DE in athletes and non-athletes have 
yielded mixed findings. In their meta-analysis, Smolak and colleagues (2000) 
found that eating problems (ED or DE) were more common in athletes than in 
non-athletes, albeit with a small effect size. In contrast, consistent with the 
present study, a recent meta-analysis by Chapa et al. (2022) found no differences 
in ED/DE between athletes and non-athletes. 

Although this study found no differences in eating problems between 
athletes and non-athletes, the trends in eating behaviors over time were different 
between the groups. The scores of the EDE-QS among the athletes increased 
significantly after the age of 13–15 and were lower in adulthood than in 
adolescence, while among the non-athletes, the EDE-QS scores were more stable 
over time. This may be related to sports-specific pressures of controlling body 
weight or composition, which can further result in restrictive eating and other 
disturbances in eating behaviors (K. R. Wells et al., 2020). 

The findings of this study regarding the trends in eating behaviors are 
somewhat different from those reported by Slane and colleagues (2014). They 
found that DE behaviors in general increased almost linearly between the ages of 
11 and 25 in females participating in the Minnesota Twin Family Study. In 
contrast, bulimic behaviors increased from 11 until only 18 years of age and then 
leveled off (Slane et al., 2014). The differences in findings may be related to 
different trajectories between individuals. While eating problems may increase 
in some individuals during adolescence, they may decline or remain stable in 
others (Fairweather-Schmidt & Wade, 2016; Pearson et al., 2017). Further studies 
would be beneficial in exploring the trajectories of DE behaviors among athletes 
and non-athletes and in finding factors that are associated with continued DE. 

The findings of the current study align with the findings of the meta-
analyses showing that athletes have more positive body images than their non-
athletic peers (Hausenblas & Symons Downs, 2001) and that athletes have lower 
levels of body dissatisfaction than non-athletes (Chapa et al., 2022). It can be 
speculated that a higher BMI in non-athletes might have played a role in this 
difference. However, the present study found that athletes and non-athletes in 
the same weight category differed from each other in terms of body weight 
satisfaction and desire to lose weight, with athletes being more satisfied with 
their weight and desiring to lose weight less often than non-athletes. Indeed, the 
differences in body satisfaction and desire to lose weight between athletes and 
non-athletes may be related to body composition. In Western societies, a fit body 
type is idealized for females (Homan, 2010), and athletes’ bodies may more often 
meet the form of this body type. In addition, body weight dissatisfaction has been 
linked to lower odds of meeting physical activity recommendations in 
adolescents with a high BMI (Sampasa-Kanyinga et al., 2017). Thus, it remains 
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unknown whether physical activity itself affects body image positively or 
whether individuals with a positive body image are more likely to engage in 
sports than those with a more negative body image (Hausenblas & Symons 
Downs, 2001). 

While some previous studies have found higher MD prevalence rates 
among athletes compared with non-athletes (Hoch et al., 2009; Muia et al., 2016; 
Raymond-Barker et al., 2007; Rouveix et al., 2007), others have failed to find this 
association (e.g., Reinking & Alexander, 2005; Torstveit & Sundgot-Borgen, 2005). 
In line with these inconsistent findings, the present study found similar MD 
prevalence rates among adolescent athletes and non-athletes in Study I, but 
higher rates of MD among young adult athletes compared with non-athletes in 
Study I and among athletes in Study IV. Differences between the studied 
populations, particularly in terms of age and type of sports, may at least partly 
explain these inconsistent findings. The role of sports type is discussed in the next 
subsection. In sum, it can be stated that the findings of this study show that MD 
is more common in athletes than in non-athletes, at least in females above 
adolescent age. 

The present study is also in line with other studies showing that athletes 
have later AAM than non-athletes (Constantini & Warren, 1995; Hoch et al., 2009; 
Torstveit & Sundgot-Borgen, 2005) along with higher rates of primary 
amenorrhea and delayed puberty (Torstveit & Sundgot-Borgen, 2005; Warren, 
1980). The mean AAM among athletes in the present study varied between 12.7 
years (Study I, adolescence) and 14.0 years (Study IV). The former AAM is in line 
with other studies that have reported that, among mixed-sports athletes, AAM 
varied between 12.4 and 13.4 years (Beals & Hill, 2006; Nichols et al., 2007; Rauh 
et al., 2010; Thein-Nissenbaum et al., 2012; Torstveit & Sundgot-Borgen, 2005). 
Moreover, the AAM of 14.0 years found among the athletes in Study IV is similar 
to the AAM found among aesthetic athletes from Norway (14.0 years) (Torstveit 
& Sundgot-Borgen, 2005) and among runners from the United Kingdom (14.1 
years) (Hulley et al., 2007). 

The mechanism behind later AAM in athletes compared with non-athletes 
may be intensive exercise and/or low EA among athletes, which can 
consequently result in alterations in hormone concentrations. More specifically, 
it has been suggested that decreased EA may lead to decreased leptin and 
increased ghrelin concentrations, as well as alterations in other peptides, which 
further suppress the function of the HPO axis, especially via KNDy neurons, and 
decreased kisspeptin release from these neurons (Ikegami et al., 2022; Martos-
Moreno et al., 2010; Muñoz-Calvo & Argente, 2016; Uenoyama et al., 2019). 

6.2.2 Lean sport and non-lean sport athletes 

The results of the present study support the findings of other studies showing 
that athletes who participate in lean sports have higher rates of ED/DE compared 
with athletes who participate in non-lean sports (Mancine et al., 2020; McDonald 
et al., 2020; E. K. Wells et al., 2015). The findings of this study are also in line with 
previous studies showing that athletes competing in lean sports have higher rates 



 
 

 

90 
 

 

of MD (Gibbs et al., 2013; Nichols et al., 2007; Torstveit & Sundgot-Borgen, 2005) 
and primary amenorrhea (Torstveit & Sundgot-Borgen, 2005). In the current 
study, lean sports athletes had a lower BMI compared to non-lean sports athletes, 
but no differences were found in training hours. The finding regarding lower 
BMI among lean sports athletes is in agreement with previous studies (Beals & 
Hill, 2006; Nichols et al., 2007; Torstveit & Sundgot-Borgen, 2005) and may be an 
indicator of lower EA compared with non-lean sports athletes. Indeed, lean 
sports athletes have been found to have higher rates of body dissatisfaction 
(Reinking & Alexander, 2005) as well as the desire and external social pressure to 
be thin (E. K. Wells et al., 2015) than non-lean sports athletes, probably resulting 
in restrictive eating and reductions in EA. This may render athletes competing in 
lean sports more susceptible to MD compared to athletes competing in non-lean 
sports. It should be noted, however, that both ED/DE and MD still exist among 
non-lean sports athletes, although to a lesser extent. 

6.2.3 Age and level of participation  

The present study found a higher lifetime ED prevalence among older athletes 
compared with younger athletes. However, while current and past ED diagnoses 
were not differentiated, the prevalence of current ED cannot be interpreted from 
the results. In general, ED incidence peaks in adolescence and young adulthood 
(Jacobi et al., 2004). This observation is supported by the findings of the present 
study, which show that the EDE-QS scores among athletes increased after the age 
of 15 and were lower in adulthood than in adolescence. 

In this study, younger athletes had higher rates of current MD compared 
with older athletes. This contrasts with the findings of previous studies (Prather 
et al., 2016; Torstveit & Sundgot-Borgen, 2005), which found no differences in 
MD prevalence between age groups. However, in their study conducted on high-
level runners and race walkers, Heikura and colleagues (2018) found that athletes 
with secondary amenorrhea were younger than those with regular menstrual 
cycles (23.8 years vs 26.7 years, p<.01). The findings of the current study 
regarding higher rates of MD in younger athletes compared with older athletes 
is plausible, as it has been suggested that the risk of MD decreases with advanced 
gynecological age (Williams et al., 2017). 

This study found no differences in ED/DE prevalence between athletes 
competing at different participation levels. Previous studies have provided 
inconsistent findings on this issue. Kong and Harris (2015) found that athletes 
competing at the international or national level and training at least 12 h per week 
had higher levels of DE than non-competitive athletes or those competing at the 
local to national level and training less than 12 h per week. In addition, Joubert 
and research group (2020) reported that elite-level climbers had higher levels of 
DE than those competing at lower levels. In contrast, Hopkinson and Lock (2004) 
found that recreational runners had higher levels of DE compared with varsity 
athletes, while Gomes et al. (2011) did not find any differences in DE behaviors 
between athletes who had won national titles and those who had not. The 
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findings of the current and previous studies indicate that, in addition to high-
level athletes, athletes competing at lower levels are also at risk for DE. 

This study provided conflicting findings regarding the association between 
the level of participation and MD. In Study III, no differences in MD were found 
between elite and non-elite athletes, while in Study IV, secondary amenorrhea 
predicted a lower participation level. The differences in the type of sports (mixed-
sports athletes in Study III vs endurance athletes in Study IV), competition level 
(Tier 2 vs Tier ≥3 athletes in Study III vs Tier 3 vs Tier ≥4 athletes in Study IV), or 
statistical method used (chi-square test in Study III vs GEE model in Study IV) 
may explain the inconsistencies in the findings. The findings of the study by 
Adam and colleagues (2022) are in line with the results of Study III, as they found 
no differences in MD rates between athletes competing at the local, regional, or 
provincial levels compared to those competing at the national or international 
level. Further research is needed to investigate whether high-level athletes differ 
from those competing at lower levels in terms of MD prevalence. 

6.3 Associations 

A summary of selected associations of low EA-related conditions, AAM, and 
sports participation with health- and sports career-related factors found in this 
dissertation and their occurrence during the lifespan are presented in Figure 8.   
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FIGURE 8 Summary of selected associations of low energy availability-related condi-
tions, age at menarche, and sports participation with health- and sports ca-
reer-related factors found in this study. The two-way arrows indicate an as-
sociation where no temporal precedence could not be shown, while in the as-
sociations marked with a one-way arrow, a predictive variable occurred be-
fore an outcome variable. BMD = bone mineral density; BMI = body mass in-
dex. 

6.3.1 Age at menarche and midlife characteristics 

The results of this study are in line with previous observational studies 
(Farahmand et al., 2020; Magnus et al., 2018; Prentice & Viner, 2013; 
Trikudanathan et al., 2013) showing that AAM is inversely associated with BMI, 
fat mass, and fat percentage in middle age. However, Mendelian randomization 
studies have found a causal association between childhood adiposity and early 
AAM (Bell et al., 2018; Mumby et al., 2011) suggesting that early AAM is not 
causally linked to high adiposity in middle age. Rather, it is a marker of 
childhood adiposity, which can subsequently lead to obesity in adulthood (Bell 
et al., 2018). 

Fewer studies have investigated the association between AAM and LBM in 
adulthood. In line with the findings of the present study, Kirchengast and 
colleagues (1998) found no differences in LBM among pre- or postmenopausal 
women grouped according to their AAM. It has also been suggested that AAM 
and LBM may share common genetic components (Hai et al., 2012). 

Consistent with previous studies conducted among women with a mean 
age above 40 years (Chevalley et al., 2009b; Guo et al., 2005) and postmenopausal 
women (Mohammadi et al., 2019; Parker et al., 2014; Tuppurainen et al., 1995; 
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Varenna et al., 1999), the current study shows that AAM is inversely associated 
with BMD in middle-aged pre-, peri-, and postmenopausal women. However, 
after adjusting for potential confounding factors, no association was found 
between AAM and BMD in the entire group. In line with this, other studies have 
failed to find an association between AAM and BMD among pre- and 
postmenopausal women (Blum et al., 2001; Hagemans et al., 2004; Hassa et al., 
2005; Nakaoka et al., 2001; Ozdemir et al., 2005; Sioka et al., 2010). It has been 
suggested that the number of reproductive years may be a better estimator of 
postmenopausal BMD than AAM (Grainge et al., 2001; Hagemans et al., 2004; 
Parker et al., 2014; Sioka et al., 2010). Other factors that have been found to be 
linked with a low adulthood BMD are low BMI, MD, a high number of parities, 
long lactation periods, low levels of physical activity, low calcium intake, and 
strong family histories of osteoporoses (Fujita et al., 1999; Hyassat et al., 2017; 
Khoo et al., 2011; Ozdemir et al., 2005; Varenna et al., 1999; Y.-X. Wang et al., 2020; 
Y.-Y. Zhang et al., 2003). 

Common genetic factors have been shown to influence both AAM and BMD 
(Chevalley et al., 2009a; Cousminer et al., 2018; Guo et al., 2005; Z.-X. Zhang et al., 
2009); however, menopause may interfere with this relationship (Z.-X. Zhang et 
al., 2009). Supporting this hypothesis, the present study found an association 
between AAM and BMD after excluding postmenopausal women from the 
analysis, regardless of adjusting for confounding factors. Thus, the results of this 
study indicate that late AAM is a predictor for low BMD until the age of 
menopause. Thereafter, other factors play a more important role in determining 
BMD. It is important to note that the relationship between AAM and middle-
aged BMD in pre- and perimenopausal women was observed regardless of 
physical activity levels in adolescence or middle age. Therefore, special attention 
should be paid to women with late menarcheal age, as they may be at risk for 
low BMD in adulthood. 

It should be noted, however, that this study did not investigate the influence 
of BMI on the relationship between AAM and BMD. It has been reported that 
BMI and body weight in adolescence (Blum et al., 2001) and adulthood (Edelstein 
& Barrett-Connor, 1993; Liel et al., 1988) are positively associated with adulthood 
BMD. Moreover, it has been suggested that ALMI may mediate the association 
between AAM and later BMD (Ning et al., 2021). Therefore, it is possible that 
BMI/ALMI may have affected the relationship between AAM and BMD 
observed in this study. Participants with higher AAM had lower middle-aged 
BMI; however, no differences in ALMI were found between the AAM groups. 
Mendelian randomization studies have suggested a causal link between AAM 
and BMD in adolescence (Cousminer et al., 2018) and adulthood (Q. Zhang et al., 
2018); however, further studies considering the mediating role of other factors 
are required. 

6.3.2 Competitive sports participation and midlife characteristics 

In contrast with the findings of studies conducted on former swimmers, runners, 
and gymnasts (Andreoli et al., 2012; N. K. Pollock et al., 2006), the present study 
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found no association between physical activity status in adolescence and fat mass 
in middle age. Furthermore, contrary to a study conducted on gymnasts (N. K. 
Pollock et al., 2006) but in line with a study conducted on swimmers and runners 
(Andreoli et al., 2012), this study found an association between adolescent sports 
participation and higher LBM in middle age. The inconsistencies between the 
studies could be related to different study populations. As found in this study 
(Study III) and by others (Torstveit & Sundgot-Borgen, 2005) lean sport athletes 
tend to have lower BMI than athletes in non-lean sports. That may explain why 
swimmers, runners, and gymnastics (all of whom are lean athletes) also had 
lower fat mass in adulthood, in contrast with the mixed-sports athletes in the 
ERMA (Study II). It is also possible that this study lacked statistical power to 
show the difference in fat percentage between the athletes and the no-exercise 
group. Furthermore, gymnasts have been reported to have lower levels of lean 
mass than swimmers and non-athletic controls (Peltenburg et al., 1984), which 
may explain the inconsistencies in previous studies regarding lean mass. 

In line with previous studies conducted on women (Andreoli et al., 2012; N. 
K. Pollock et al., 2006), the present study found an association between 
competitive sports in adolescence and higher midlife BMD. In addition, 
Valdimarsson and colleagues (2005) found that despite an increased loss of BMD 
related to reduced training in retired middle-aged female soccer players, retired 
athletes still had higher BMD levels in their legs compared with those of controls. 

The findings of this study regarding an association between adolescent 
competitive sports participation and better cardiorespiratory and muscular 
fitness in midlife are in contrast with Simon and Docherty’s (2017) findings that 
showed that middle-aged male and female former Division I athletes performed 
worse in cardiorespiratory and muscular fitness tests than their similar-aged 
peers who were recreationally active in college. They speculated that the 
difference in physical fitness between the groups may be attributed to pain, 
injuries, or motivation to exercise (Simon & Docherty, 2017). In Study II, however, 
physical activity level at adolescence correlated with physical activity level until 
the age of 39 years, and those with competitive sports backgrounds also reported 
higher rates of leisure-time physical activity than other groups at midlife. Thus, 
it can be assumed that those engaging in competitive sports during adolescence 
continued their sports career until adulthood and also maintained at least 
moderate activity in midlife. This can explain the findings of the current study 
regarding better midlife cardiorespiratory and muscular fitness among those 
who participated in competitive sports in adolescence compared to their non-
athletic peers. Previous studies have shown that while cardiorespiratory and 
muscular fitness decline with age, the rate of this decline is lower in individuals 
with higher physical activity than others (M. L. Pollock et al., 1997; Sandler et al., 
1991; Trappe et al., 1996). 

It has been suggested that physical activity, combined with sufficient 
calcium intake in adolescence, during the years of peak bone mass acquisition, 
may be particularly important in terms of BMD in later life (Ondrak & Morgan, 
2007; Välimäki et al., 1994). Rideout and research group (2006) reported that 
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physical activity at ages 12–18 was positively associated with current BMD 
among postmenopausal women, while no association between physical activity 
and other (later) age stages was found. However, studies conducted in males 
have reported that impact loading during young adulthood is more important 
for adulthood BMD than impact loading in adolescence (Rogers & Hinton, 2010; 
Van Langendonck et al., 2003). The difference between studies may be due to 
gender differences, as the rapid increase in bone mineral mass in adolescence 
occurs about two years earlier in females compared with males (Rizzoli & 
Bonjour, 1999). However, it was not within the scope of the present study to 
evaluate the most important age period for middle-aged BMD. The models 
investigating the association between sports participation in adolescence and 
midlife BMD were adjusted for physical activity at midlife, but as physical 
activity levels between ages 13–16 and all other age stages except the last (40–50) 
were correlated, it cannot be interpreted whether competitive physical activity 
during adolescence was an independent predictor of middle-aged BMD or 
whether physical activity at other ages also played a role. However, the results 
of this and other studies suggest that physical activity during adolescence and 
young adulthood is important for BMD at older ages. 

While the present study did not investigate differences in sports disciplines 
in terms of adulthood BMD, it is known that not all disciplines are beneficial in 
terms of bone health. In males, it has been shown that the type of sport is a more 
important predictor of adulthood BMD than the time spent in physical activity 
(Van Langendonck et al., 2003). Sports that involve high- or odd-impact loading 
for bones (e.g., jumping sports, gymnastics, soccer) enhance BMD in contrast to 
non-impact sports (e.g., cycling and swimming), which do not seem to be 
associated with improved bone health (Tenforde & Fredericson, 2011). Thus, 
sports that include impact loading for bones are recommended in terms of bone 
health. 

6.3.3 Factors associated with eating disorders, disordered eating, and body 
weight dissatisfaction 

The finding of this study regarding an association of both restrictive eating and 
ED with injury occurrence is in line with other studies conducted on adolescent 
and young adult athletes (Gusfa et al., 2022; Prus et al., 2022; Rauh et al., 2014; 
Scheid & Stefanik, 2019; Sweeney et al., 2021; Thein-Nissenbaum et al., 2011; J. J. 
Thomas et al., 2011). The findings of the present study extend the findings of 
previous studies by indicating that increasing age does not protect athletes from 
the relationship between ED and injuries, as it was found that the association was 
also observed in older athletes in Study III. As it is not possible to infer causality 
from the findings of the present or other studies, prospective studies are needed 
to establish whether there is a causal relationship between ED/DE and injury 
incidence. In the case of a causal association, the direction of causality needs to 
be investigated. While it may be tempting to assume that those with ED/DE 
would have a higher risk of getting injured, the possibility of reverse causality 
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(i.e., the possibility that injured athletes are more prone to restricting their eating 
or engaging in other unhealthy eating behaviors) cannot be ruled out. 

In agreement with the finding of Sweeney et al., (2021) this study did not 
find an association between DE behaviors and sports career termination due to 
injury. However, the present study found a negative association between DE 
behaviors and sports career length, indicating that problems with eating and 
body image are linked with a shorter career among athletes. To the best of the 
author’s knowledge, no other studies have focused on an association between DE 
and sports career length. Hence, prospective studies are needed to confirm the 
finding of the current study and to evaluate the mechanisms behind this 
association. One possible explanation for this association is an increased injury 
risk and/or decreased BMD associated with DE (Mountjoy et al., 2018; Nattiv et 
al., 2007). However, while this study did not find an association of DE behaviors 
with injury-related harms during the sports career or with career termination due 
to injury, a possible explanation for the relationship between higher EDE-QS 
scores and a shorter career may be related to factors other than injuries. 

This study found that DE behaviors during the sports career were also as-
sociated with DE behaviors after the career. A similar association was observed 
in non-athletes; thus, this relationship may not be related to sports participation. 
These findings highlight the need to find efficient interventions to prevent and 
treat ED behavior in athletes and in non-athletes. As discussed in subsection 6.1.1, 
it is important that parents and people working with athletes are able to identify 
early signs of DE and have the courage to intervene when observing these signs. 

The present study found that in adolescent athletes, a higher BMI was 
associated with higher body weight dissatisfaction, which is in line with other 
studies (Karr et al., 2013; Swami et al., 2009). Regarding young adult athletes, the 
number of athletes in the under- and overweight categories were small; thus, 
analyses regarding the association between BMI and body weight dissatisfaction 
in these athletes might have lacked statistical power. This study did not 
investigate the role of factors other than BMI in body weight dissatisfaction in 
athletes. However, other studies have found that participation in lean sports and 
the internalization of athletic media messages are associated with higher body 
dissatisfaction among athletes (Swami et al., 2009). In turn, athletic self-efficacy 
has been found to protect against body dissatisfaction in athletes (Karr et al., 
2013). 

6.3.4 Factors associated with menstrual dysfunction 

Studies investigating the association between MD and injuries have provided 
mixed and inconsistent findings. While Rauh and research group (2014) found 
an association between MD and injury incidence in their logistic regression 
model, which was adjusted for DE and BMD less than -2.0 standard deviations, 
other studies have found no association between MD and injuries (Beals & 
Manore, 2002; Beckvid Henriksson et al., 2000; Bratland-Sanda et al., 2015; 
Tenforde et al., 2011; Thein-Nissenbaum et al., 2011). This was also the case in 
Study III, in which no association between MD and the occurrence of injury was 
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found. However, Study IV provides interesting findings by showing that MD, 
and more specifically secondary amenorrhea, was associated with both injury-
related harms during the career and career termination due to injury. The results 
of Study III, in which MD was associated with higher rates of missed 
participation days among athletes, also provide support for the findings of 
previous studies (Beckvid Henriksson et al., 2000; Ihalainen et al., 2021). Because 
performance enhancement among high-level athletes requires systematic 
training and high training volumes (Saavedra et al., 2018; Wasserfurth et al., 
2020), injuries and missed training days may compromise athletic performance 
and consequently impair the success of the athletic career. 

It is likely that chronic low EA explains the association between MD and 
missed participation days due to injury. As was speculated by Rauh and 
colleagues (2014), it is possible that the anti-anabolic state caused by the altered 
hormone profile resulting from chronic low EA might impair the health of tissues 
other than bone. These alterations in hormonal concentrations include, but are 
not limited to, elevated cortisol and suppressed IGF-1, thyroid hormones, and 
leptin levels (De Souza & Williams, 2004; Dipla et al., 2021; Elliott-Sale et al., 2018). 
A low BMI and high training volume can be related to low EA, which in turn 
may contribute to both MD and injuries. This was supported by the results from 
Study III, which showed that athletes with MD trained more and had a lower 
BMI than those with a regular menstrual cycle. 

However, this study found inconsistent findings regarding the association 
between MD and training volume/physical activity. Young adult athletes with 
MD had higher accelerometer-measured physical activity than those with a 
regular menstrual cycle in Study I, and athletes with MD in Study III reported 
higher training hours compared with those without MD. These finding parallel 
those of some previous studies, which found a higher training volume in athletes 
with MD compared with those without (Beckvid Henriksson et al., 2000; Cobb et 
al., 2003). However, no differences in accelerometer-measured physical activity 
were found among adolescent athletes with and without MD in Study I. Instead, 
athletes without MD reported higher training hours in the training season. The 
finding regarding no differences in physical activity between athletes with and 
without MD is in accordance with other studies that found no differences in 
training volume or estimated energy expenditure between athletes with MD and 
eumenorrheic athletes (Ackerman et al., 2013, 2015; Tornberg et al., 2017; 
Torstveit & Sundgot-Borgen, 2005; Zanker & Swaine, 1998). 

Both the adolescent athletes in Study I and the participants in Study III who 
reported MD had lower BMIs compared with their peers without MD. This 
finding is consistent with previous studies conducted on adult athletes 
(Ackerman et al., 2015; Tornberg et al., 2017; Zanker & Swaine, 1998). However, 
this is not always the case, as other studies conducted in adolescent, young adult 
(Ackerman et al., 2013; Armento et al., 2021; Cobb et al., 2003), and adult athletes 
(Micklesfield et al., 2007) have found no differences in BMI between athletes with 
MD and those without. In line with this, young adult athletes with MD in Study 
I had a similar mean BMI to their peers without MD. 



 
 

 

98 
 

 

Overall, the findings of this study and other investigations suggest that 
although athletes with MD may have a lower BMI and higher training volume 
than their regularly menstruating peers, this is not always the case. The present 
study did not investigate DE behaviors between athletes with and without MD, 
but other studies have found that DE behaviors are reported more frequently 
among athletes with MD than among naturally menstruating athletes (Cobb et 
al., 2003). Indeed, low BMI and/or high training hours among athletes with MD 
may be indicators of low EA, which can consequently increase the risk of MD (De 
Souza et al., 2014; Mountjoy et al., 2018). 

In this study, MD in adolescence was the only significant predictor of MD 
in young adulthood, whereas BMI, attitudes toward body weight, physical 
activity, or AAM in adolescence did not predict MD in young adulthood. The 
finding regarding no association between BMI and future MD is in line with the 
results reported by To and research group (2000), who found that baseline weight 
did not predict further MD in a 12-month follow-up among Chinese dancers. In 
addition, the findings of this study align with the results of a previous study, 
which found that menstrual cycles over 35 days during the first gynecologic year 
predicted persistent menstrual irregularity (Rigon et al., 2010). These findings 
emphasize the need to prevent MD and identify it as early as possible. This is 
particularly important because it is known that (clinical) MD results not from an 
acute low EA but from a long-term, chronic low EA (Heikura et al., 2021; Nattiv 
et al., 2007). 

6.4 Methodological considerations 

Data for this dissertation were drawn from four different research projects: the 
FHPSC (Study I), ERMA (Study II), Female Athlete 2.0 (Study III), and MEBS 
(Study IV) studies. Of those, only the MEBS study was specifically designed for 
the purposes of this dissertation. Three other projects were planned for other 
purposes; thus, the analyses included in this dissertation were not planned before 
the data collections. Consequently, some assessment methods were not optimal 
for the purposes of this dissertation. For instance, no data in the ERMA were 
collected on participants’ menstrual cycle regularity during adolescence and 
adulthood. In addition, in Study I, it would have been beneficial to study 
participants’ body image more closely rather than their body weight 
(dis)satisfaction. Moreover, no data in the FHPSC or ERMA studies were 
collected on participants’ attitudes toward eating. Regarding Study III, a closer 
look at the types of injuries (acute or stress injury, bone or soft tissue injury) 
would have been interesting if data were available for this. Further, it may have 
been fruitful to investigate the relationship between AAM and lumbar spine 
BMD, in addition to femoral neck BMD, in the ERMA study. Finally, because of 
the differences in the assessment methods, the definition of MD was marginally 
different in Studies I and III. 
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Even though most of the data used in the present study were not collected 
for the purposes of this dissertation, both the FHPSC and ERMA studies are large, 
well-designed studies that used laboratory-based measurements in addition to 
survey data. The FHPSC is a multi-centered study aimed to obtain a nationally 
representative sample of the most popular sports among adolescents in Finland 
and a school-based sample (non-athletes) stratified depending on school location, 
size, and type of school (rural/urban) (Kokko et al., 2015). In the ERMA, the 
target was to get a nationally representative sample, and to achieve this goal, no 
information for the exclusion criteria was included in the invitation letter. Instead, 
a stepwise exclusion protocol was applied with the aim of reaching as large a 
sample size as possible but taking into account all the potential confounding 
factors (Kovanen et al., 2018). 

The strengths of this study include moderately large sample sizes in Studies 
II and III, the use of control groups in Studies I, II, and IV, and laboratory-based 
measurements (e.g., height, weight, BMD, physical activity, and physical fitness 
components) in Studies I and II. In addition, previously validated questionnaires 
were used when collecting survey data in the Female Athlete 2.0 and MEBS 
studies. The recruitment process of the MEBS study was designed in such a way 
that athletes who had terminated their sports careers at a young age were also 
included. This was done because of a desire to reach those female athletes who 
had succeeded at a young age but whose sports careers had been short. Another 
strength of this study is that in all four studies, females using hormonal 
contraceptives for reasons other than to maintain their menstrual bleeding were 
excluded from the analyses regarding MD. This was done because hormonal 
contraceptive use may mask the presence of MD (Cheng et al., 2021; De Souza et 
al., 2014; DiVasta & Gordon, 2008). 

A further strength of this study is the fact that it includes both retrospective 
and cross-sectional designs, and a longitudinal analysis. While the cross-sectional 
design may be less prone to recall bias, the retrospective design made it possible 
to collect data from longer time periods in a time-consuming manner. 

The major limitation of the present study is the possibility of recall bias, as 
participants were asked to provide responses that were dependent on their 
memories. For example, the AAM was based on the participants’ memory in 
every research project included in this dissertation. While some studies have 
reported that long-term recall of AAM is fairly accurate (Casey et al., 1991; Must 
et al., 2002), some have recommended using self-reported AAM with caution and 
acknowledging the possibility of bias when using it (R. Cooper et al., 2006; Zarów 
& Cichocka, 2008). Furthermore, a recall of menstrual cycle regularity seems to 
be even less accurate than a recall of AAM (Must et al., 2002). Moreover, eating 
behaviors and attitudes at different age periods inquired about in Study IV are 
dependent on the respondent’s memory and are thus susceptible to recall bias. 
Indeed, the possibility of recall bias should be kept in mind when interpreting 
the results of the present study. 

Another limitation of this study is that menstrual cycle-related assessments 
were based on questionnaires, not laboratory-based assessments or clinical 
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evaluations. Thus, it was not possible to detect subclinical MD, such as 
anovulation, or exclude reasons other than low EA for MD. While the possibility 
of pregnancy was asked in the MEBS study, it was not evaluated in the FHPSC 
and Female Athlete 2.0 studies. In addition, other reasons, such as polycystic 
ovary syndrome or some other diseases may have been the reason for MD 
(Gordon et al., 2017). Thus, it is possible that some participants classified as 
having MD had it for some reason other than because of low EA. 

In addition, ED was self-reported in this study, and the results most likely 
underestimate the actual prevalence rates. This is because only a third of EDs are 
detected in healthcare in Finland (Silén et al., 2021). Moreover, in the Female 
Athlete 2.0 study, restrictive eating was assessed using a simple yes/no question, 
which may have affected the findings. 

An additional limitation of this study is the possibility of selection bias. In 
particular, the Female Athlete 2.0 and MEBS studies, which were designed to 
investigate menstrual cycle- and eating-related issues, were prone to selection 
bias. It is likely that those who were interested in these topics were more willing 
to reply and that those who replied may differ in terms of eating behaviors 
and/or menstrual function from those who did not. The response rate in MEBS 
among athletes was 37.0%, and the characteristics of the remaining 63.0% of the 
invited athletes cannot be evaluated. However, the main purpose of the FHPSC 
and ERMA studies was not to investigate the topics discussed in this dissertation. 
Thus, it may be less likely that selection bias influenced the results regarding 
these parameters. However, in the ERMA, those who participated were relatively 
healthy and well-functioning due to exclusion criteria. Thus, the results may not 
be generalizable to all middle-aged women. 

Finally, the study designs used do not enable causal inferences. Although it 
could be shown that there was a temporal precedence of some predictive 
variables before outcome variables (e.g., adolescent characteristics and MD in 
young adulthood in Study I, AAM and adolescent sports participation and 
midlife characteristics in Study II, and MD during the career and career 
terminations due to injury in Study IV; Figure 7), these investigations were 
observational and thus unable to exclude all possible confounding factors. 
Although the models were adjusted for a variety of confounders, it is possible 
that some external confounding factors influenced the results of this study. 

6.5 Implications 

Previous studies have shown that low EA-related conditions (ED/DE, body 
dissatisfaction, and MD) are commonly observed in female athletes (e.g., 
Mountjoy et al., 2018; Torstveit et al., 2008; Torstveit & Sundgot-Borgen, 2005; K. 
R. Wells et al., 2020). This study shows that, regardless of age, type of sports, or 
level of participation, Finnish female athletes also have relatively high prevalence 
rates of these issues. Based on the findings of the present study, it is important 
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that parents and those working with female athletes are aware of these issues, 
are able to identify early indicators of eating and body image issues, and 
understand how to deal with athletes with eating- and/or menstrual cycle-
related issues to prevent further health and performance problems. In addition, 
this study’s finding that ED/DE and MD are associated with injuries emphasizes 
the importance of recognizing the possibility of these issues in the case of an 
athlete experiencing repetitive or long-term injuries. 

The results of this study can help to reduce shame and stigma around 
eating-/body image- and menstrual cycle-related issues and to increase openness 
regarding these topics to make it easier for athletes to disclose their problems and 
seek help. The findings of this study, showing that problems with eating and 
menstrual function are common, may help athletes suffering from these issues 
understand that they are not alone in their challenges. The findings can also 
motivate athletes to seek help, as it was found that problems with eating and 
menstrual function were associated with injuries and sports career-related factors 
in a negative way. 

In sum, this study showed that, although competitive sports participation 
in adolescence appears to have long-term health benefits, low EA-related factors 
are common among Finnish female athletes and are associated with negative 
aspects of both health and a sports career. By ignoring the importance of 
sufficient EA, there is a risk that an athlete will not achieve her full potential. It 
would be important to educate athletes, parents, and those working with athletes 
on the importance of adequate EA and healthy menstrual function. Moreover, 
the prevention of ED/DE and body image problems is important to prevent 
future health problems. In the sports context, the focus should be shifted from 
body weight and composition to health and performance, and it should be 
acknowledged that optimizing body weight includes the risk of harmful effects, 
such as injuries. 

6.6 Future directions 

The present study raises at least as many questions as it answers. What are the 
mechanisms behind the found association between higher EDE-QS scores and 
shorter career length, and can other studies replicate this association? Is there a 
causal relationship between restrictive eating and injuries, and if yes, what is the 
direction of this relationship? What mechanisms explain the link between MD 
and more missed participation days, injury-related harms during the career, and 
career termination due to injury? Is late AAM causally linked to lower midlife 
BMD, regardless of long-term physical activity status or body mass? Is the higher 
MD prevalence found among athletes compared with non-athletes a result of 
competitive sports itself, or does selection bias play a role? How could the EA-
related conditions investigated in this study be prevented in the most effective 
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way? Are athletes themselves worried about these conditions, and what are their 
views on preventing and treating them? 

To gain a deeper understanding of the conditions investigated in this 
dissertation, future studies should strive to answer the above-mentioned 
questions. In addition to well-designed randomized controlled trials and 
prospective cohort studies, which help to gain an understanding of causal 
relationships and mechanisms behind the associations, qualitative studies are 
also needed to increase our understanding of athletes’ own experiences. 
Moreover, genomic studies would be beneficial for understanding the genetic 
components of these issues and associations found in this study. 
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7 MAIN FINDINGS AND CONLCLUSIONS 

The main findings and conclusions of this dissertation study can be summarized 
as follows: 
 

1. Low EA-related conditions are common in Finnish female athletes. The 
prevalence rates for ED, DE, MD, and body weight dissatisfaction varied 
between 7–18%, 16–25%, 18–39%, and 18–24%, respectively, depending on 
the data used. Even higher rates for ED, DE, and body weight dissatisfac-
tion were observed when examining subsamples of athletes (i.e., ED prev-
alence of 24% among athletes over 24 years of age, DE (restrictive eating) 
prevalence of 27% among lean sport athletes, and body weight dissatisfac-
tion prevalence of 44% among overweight adolescent athletes). 

2. Female athletes appeared to have higher rates of MD and delayed puberty 
compared with non-athletes, whereas no differences in ED/DE were 
found between the groups. Athletes were more satisfied with their weight 
and wanted to lose weight less often than non-athletes. Lean sport athletes 
were at a higher risk for low EA-related conditions than non-lean sport 
athletes, and MD was more common in young athletes compared with 
their older peers. The level of participation was not found to be associated 
with eating problems. The findings regarding the association between MD 
and a participation level are conflicting. 

3. Later AAM was associated with lower BMI and fat mass in midlife but 
also with lower BMD in pre- and perimenopausal women, regardless of 
physical activity level in adolescence or middle age. Participation in com-
petitive sports in adolescence was associated with a higher LBM and BMD 
in midlife and better midlife cardiorespiratory and muscular fitness com-
pared with regular physical activity or no exercise in adolescence. 

4. Problems with eating patterns were associated with an increased injury 
risk and a shorter sports career, and DE during the sports career was as-
sociated with DE after the career. MD was associated with higher MVPA 
in young adult athletes and with injury-related harms during the sports 
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career and career termination due to injury. MD in adolescence predicted 
MD in young adulthood. 
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YHTEENVETO (SUMMARY IN FINNISH) 

Alhaiseen energiansaatavuuteen liittyvät tilat naisurheilijoilla: Esiintyvyys ja 
yhteydet terveyteen, vammoihin ja urheilu-uraan 
 
Runsas fyysinen aktiivisuus lisää energiankulutusta, ja riittävä energiansaanti tu-
kee urheilijan terveyttä sekä suorituskykyä. Syöminen voi jäädä kulutukseen 
nähden liian niukaksi kliinisen syömishäiriön tai häiriintyneen syömiskäyttäyty-
misen, mutta myös tahallisen, terveellä tavalla toteutetun ja lyhytaikaisen ener-
gianrajoituksen tai tahattoman alisyömisen vuoksi. Yleisiä riskitekijöitä syömi-
sen ja kehonkuvan haasteille ovat muun muassa yhteiskunnassa vallitsevan lai-
huusihanteen sisäistäminen, tyytymättömyys kehon painoon, perfektionismi, 
traumaattiset tapahtumat ja kehoon kohdistuvat kommentit. Lisäksi urheiluun 
liittyy tekijöitä, jotka voivat osaltaan altistaa syömisen ja kehonkuvan häiriöille. 
Näitä tekijöitä ovat muun muassa kehon painon tai koostumuksen tarkka seu-
ranta, painon vaihtelut, valmentajan kehon painoon tai koostumukseen liittyvät 
kommentit, vammat ja paineet parantaa suorituskykyä tai muuttaa kehon pai-
noa/koostumusta.  

Jos keho ei saa riittävästi energiaa, se alkaa säästää elämälle ei-välttämättö-
mistä toiminnoista, kuten kasvusta ja lisääntymiselimistön toiminnasta. Naisur-
heilijoilla matalan energiansaatavuuden seurauksia voivat olla muun muassa 
häiriöt kuukautiskierrossa sekä luun mineraalitiheyden aleneminen, joka voi joh-
taa luun rasitusvammoihin, mm. rasitusmurtumiin. On myös näyttöä siitä, että 
matala energiansaatavuus voi lisätä riskiä muille kuin luuvammoille.  

Vaikka muualla maailmassa toteutetut tutkimukset ovat osoittaneet, että 
syömisen, kehonkuvan ja kuukautiskierron häiriöt ovat kohtalaisen yleisiä nais-
urheilijoilla, suomalaisilla urheilijoilla asiaa oli tutkittu varsin vähän. Lisäksi on 
tarvittu tietoa siitä, miten nuoruuden aikaiset syömisen, kehonkuvan ja kuukau-
tiskierron haasteet ovat yhteydessä urheilu-uraan ja terveyteen myöhemmällä 
iällä. Tämän tutkimuksen tarkoituksena olikin selvittää alhaiseen energiansaata-
vuuteen liittyvien tilojen (syömisen haasteet, tyytymättömyys kehon painoon, 
kuukautiskierron häiriöt) esiintyvyyttä suomalaisilla naisurheilijoilla ja sitä, 
eroavatko urheilijat ja ei-urheilijat tai eri-ikäiset, eri tasoilla ja eri lajityypeissä kil-
pailevat urheilijat toisistaan näiden tilojen esiintyvyydessä. Lisäksi tarkoituksena 
oli tutkia alhaiseen energiansaatavuuteen liittyvien tilojen yhteyttä vammoihin, 
urheilu-uraan ja terveyteen sekä kuukautisten alkamisiän ja nuoruuden kilpaur-
heilun yhteyttä myöhemmän iän terveyteen liittyviin tekijöihin. 

Tässä väitöskirjatutkimuksen hyödynnettiin neljää eri aineistoa. Ensimmäi-
sessä osatyössä käytettiin Terveyttä edistävä liikuntaseura (TELS) -tutkimuksen 
ensimmäisen ja toisen mittauskerran aineistoa (n = 283 ja n = 211, tässä järjestyk-
sessä), joissa oli mukana sekä urheiluseurassa harjoittelevia että urheiluseuraan 
kuulumattomia nuoria. TELS-tutkimuksen ensimmäisessä vaiheessa tutkittavat 
olivat iältään 14–16-vuotiaita ja toisessa vaiheessa 18–20-vuotiaita. Tutkimuksen 
toisessa osatyössä hyödynnettiin Estrogeeni, vaihdevuodet ja toimintakyky 
(ERMA) -tutkimuksen poikkileikkausaineistoa (n = 1098), jossa tutkittavat olivat 
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kotona asuvia, 47–55-vuotiaita naisia. Väitöskirjan kolmannessa osatyössä käy-
tettiin Naisurheilija 2.0 -aineistoa (n = 846). Naisurheilija 2.0 -tutkimus on kyse-
lylomakkeella toteutettu poikkileikkaustutkimus, jossa tutkittiin 15–45-vuotiaita 
kilpaurheilua millä tahansa tasolla harrastavia naisia. Tutkimuksen neljännessä 
osatyössä käytettiin Kuukautiskierron häiriöiden sekä syömiseen ja kehonku-
vaan liittyvien asenteiden yhteys urheilu-uraan (MEBS) -aineistoa (n = 198). 
MEBS on retrospektiivinen tutkimus, jossa tutkittavat olivat 30–53-vuotiaita nuo-
ruudessaan kansallisella ja kansainvälisellä tasolla kestävyyslajeissa kilpailleita 
naisia. Väitöskirjassa hyödynnetyissä aineistoissa kuukautiskiertoon, syömiseen, 
vammoihin ja urheilu-uraan liittyvät tiedot kerättiin kyselylomakkeilla. Keski-
iän kehon koostumusta ja luun mineraalitiheyttä mitattiin kaksienergiaisella 
röntgenabsorptiometrialla (DXA) ja fyysistä kuntoa keski-iässä useilla eri lihas- 
ja kestävyyskuntoa mittaavilla testeillä.  

Tulokset osoittivat, että alhaiseen energiansaatavuuteen liittyvät tilat ovat 
kohtalaisen yleisiä suomalaisilla naisurheilijoilla. Syömishäiriöiden esiintyvyys 
urheilijoilla oli tutkittavasta aineistosta riippuen 7–18 % ja häiriintyneen syömis-
käyttäytymisen esiintyvyys 16–25 %. Kuukautiskierron häiriöistä raportoi 18–39 % 
urheilijoista, ja tyytymättömyyttä kehon painoon esiintyi 18–24 %:lla. Kuukau-
tiskierron häiriöt olivat urheilijoilla yleisempiä kuin ei urheilijoilla, mutta syömi-
sen haasteissa ei nähty eroja urheilijoiden ja ei-urheilijoiden välillä. Sen sijaan 
tyytymättömyys kehon painoon sekä halu pudottaa painoa oli yleisempää ei-ur-
heilijoilla kuin urheilijoilla. Kestävyys-, painoluokka- ja hyppylajien sekä esteet-
tisten lajien urheilijat raportoivat enemmän syömisen haasteita sekä kuukautis-
kierron häiriöitä kuin palloilulajien, teknisten ja taitolajien sekä teho-/nopeusla-
jien harrastajat. Nuoremmilla, 15–24-vuotiailla urheilijoilla esiintyi enemmän 
häiriöitä kuukautiskierrossa kuin 25–45-vuotiailla urheilijoilla. Syömisen haas-
teissa ei nähty eroja korkeammalla ja matalammalla tasolla kilpailevilla urheili-
joilla, mutta kuukautiskierron häiriöiden suhteen tulokset olivat ristiriitaisia. 
Myöhäisempi kuukautisten alkamisikä (≥ 14 vuotta) oli yhteydessä matalam-
paan kehon painoindeksiin ja rasvamassan määrään keski-iässä, mutta myös al-
haisempaan luun mineraalitiheyteen. Nuoruuden kilpaurheilu yhdistyi suurem-
paan kehon rasvattoman massan määrään, korkeampaan luuntiheyteen ja pa-
rempaan fyysiseen kuntoon keski-iässä. Syömisen haasteet olivat yhteydessä 
suurempaan vammariskiin ja lyhyempään urheilu-uraan. Kuukautisten poisjää-
minen urheilu-uran aikana yli kolmen kuukauden ajaksi ilman hormonivalmis-
teiden käyttöä tai raskautta (sekundaarinen amenorrea) oli yhteydessä suurem-
paan vammojen aiheuttamaan haittaan urheilu-uran aikana sekä uran lopettami-
seen vamman vuoksi. Häiriintynyt syömiskäyttäytyminen urheilu-uran aikana 
ennusti häiriintynyttä syömiskäyttäytymistä myös uran jälkeen, ja kuukautis-
kieron häiriö nuoruudessa ennusti kuukautiskierron häiriötä nuoressa aikuisuu-
dessa.  

Tämän väitöskirjatutkimuksen tulokset tukevat kliinistä käsitystä siitä, että 
myös suomalaisilla naisurheilijoilla esiintyy melko yleisesti matalaan energian-
saatavuuteen liittyviä tiloja, kuten syömisen haasteita, tyytymättömyyttä kehon 
painoa kohtaan sekä kuukautiskierron häiriöitä. Tulokset tukevat myös 
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aikaisempaa näyttöä siitä, että ns. painoherkkien lajien urheilijoilla (kestävyys-, 
painoluokka- ja hyppylajit sekä esteettiset lajit) esiintyy kyseisiä haasteita ylei-
semmin kuin muiden lajien harrastajilla. Syömisen ja kuukautiskierron haasteita 
esiintyy kuitenkin suomalaisilla naisurheilijoilla lajista, iästä tai tasosta riippu-
matta.  

Tietoisuuden lisääminen syömisen ja kehonkuvan sekä kuukautiskierron 
haasteiden yleisyydestä sekä niiden negatiivisesta yhteydestä terveyteen ja ur-
heilu-uraan on tärkeää aiheen ympärillä olevan stigman vähentämiseksi, avoi-
muuden kasvattamiseksi, ongelmien välttämiseksi sekä varhaisen puuttumisen 
vuoksi. On tärkeää, että niin valmentajat ja muut urheilijoiden kanssa työskente-
levät henkilöt kuin nuorten urheilijoiden vanhemmatkin tiedostavat tutkimuk-
sessa havaitut yhteydet matalaan energiansaatavuuteen liittyvien tekijöiden ja 
vammojen sekä urheilu-uraan liittyvien tekijöiden välillä. Painon ja/tai kehon 
koostumuksen optimointiin tähtäävä valmennus voi pahimmassa tapauksessa 
kääntyä itseään vastaan ja aiheuttaa ongelmia syömiskäyttäytymisen häiriinty-
misen tai vammojen muodossa. Sekä yksilö- että joukkuevalmennuksessa urhei-
lijan terveys ja hyvinvointi tulisikin asettaa aina etusijalle, sillä pitkässä juoksussa 
vain terve, täysipainoiseen harjoitteluun kykenevä urheilija menestyy. 
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ABSTRACT

To determine the prevalence of menstrual dysfunction (MD; i.e. oligomenorrhea or amenorrhea) 

and attitudes towards body weight among athletes and non-athletes, we studied a cohort of athletes 

and non-athletes, in adolescence (14–16 years) and subsequently in young adulthood (18–20 
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years). We further studied the differences between athletes reporting MD and eumenorrheic 

athletes at both time periods and identified physical and behavioural characteristicsthat might 

predict MD in young adulthood.  Data were collected using questionnaires, accelerometers, and a 

pre-participation screening. In adolescence, the athletes reported current primary amenorrhea more 

often than the non-athletes (4.7% vs. 0%, p=0.03). In young adulthood, athletes reported MD 

more frequently than non-athletes (38.7% vs. 5.6%, p<0.001). Athletes had less desire than non-

athletes to lose weight at both time points, and in adolescence athletes were more satisfied with 

their weight. However, about one fifth of the athletes and about 40% of the non-athletes 

experienced body weight dissatisfaction at both time points. In adolescence, athletes reporting MD 

had lower BMI than eumenorrheic athletes. In young adulthood, athletes with MD were more 

physically active than eumenorrheic athletes. The only longitudinal predictor of MD in young 

adulthood was MD in adolescence.Our findings indicate that MD is relatively frequent among 

young Finnish athletes. However, athletes appear to have a smaller tendency to experience body 

weight dissatisfaction than their non-athletic peers. MD seems to track from adolescence to 

adulthood, suggesting that there is a need to focus on possible causes at the earliestfeasible 

phaseof an athlete’s career. 

Key words:menstrual dysfunction, amenorrhea, body weight dissatisfaction, exercising women, 

young athletes

Introduction

Menstrual dysfunction (MD) is one of the components of the Female Athlete Triad/Relative 

Energy Deficiency in Sport (RED-S)consistingof an irregular or absent menstrual cycle as well as 

subclinical MD with no perceptible symptoms, such as luteal phase deficiency and anovulation.1-

3MD isfairly common among female athletesand it is suggested to be morecommon in athletes 

competing in sports that emphasise leanness.2,4,5MD prevalence rates vary between studies 

depending on the diagnostic criteria and the population studied, with studies usually investigating 

only clinically detectable MD.4-14Nevertheless, the results of studies comparing the prevalence of 

MD in athletes and non-athletes have been inconsistent. Hoch et al.12 and Muia et al.6 found that 

MD was more common in runners and athletes competing in several different sports, respectively, 

than in sedentary controls. Contrastingly, in other studies the MD prevalence between athletes 
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competing in different sports and controls has been similar.4,7Additionally, Fogelholm and 

Hiilloskorpi8 found no difference in the prevalence of MD between athletes and controls, although 

there was a trend towards a lower prevalence of MD in the control group. It has further been 

observed that there is a difference in menarcheal age between athletes and non-athletes with the 

former attaining menarche later.4,12

Although there are several different reasons for MD, in short-term clinical studies, low energy 

availability (EA) has been found to cause metabolic and endocrine changes, indicating that it is the 

primary reason forMD in the Female Athlete Triad/RED-S.1-3,15 Nevertheless, the impact of low 

EA on MD is modified by several factors, including genetic and psychological factors.16,17Low 

EA, and consequently MD, can result fromintentionally or unintentionally decreased energy intake 

with a possible combination of increased energy expenditure.1,18 Thus, disordered eating 

(DE)/eating disorder (ED) can also result in low EA,1-3especially in sports emphasising 

leanness.19One risk factor for DE/ED is body weight dissatisfaction (i.e. the discrepancy between 

actual and desired weight).20 It has previously been observed that body weight dissatisfaction is 

present among young female adults21 and adolescents.22Being an athlete can protect from or cause 

body weight dissatisfaction. On the one hand, athletes may experience pressures to change their 

body weight in order to meet the “ideal” body shape or for perceived performance 

improvements.23 On the other hand, it has been established that lower BMI and physical activity 

are associated with lower body dissatisfaction.24

Few studies have investigated training volume/physical activity between athletes with MD and 

eumenorrheic athletes. Torstveit and Sundgot-Borgen4found that self-reported training volume 

was not associated with MD in elite athletes, while in the study conducted by Henriksson et al.,25 

athletes with MD reported higher training hours than eumenorrheic athletes. In addition, Tornberg 

et al.26 found that aerobic exercise volume assessed by training logs and heart rate monitors did 

not differ between endurance athletes with MD and eumenorrheic endurance athletes, although 

amenorrheic athletes performed more resistance training.Furthermore,other studies have found no 

difference between amenorrheic and eumenorrheic athletes with regard to exercise energy 

expenditure, based on self-reported physical activity,27 or on objectively measured non-exercise 

physical thermogenesis and exercise energy expenditure.28 However, more research is needed to 

investigate differences in objectively measured physical activity between athletes with MD and 

eumenorrheic athletes.  
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Our study was designed to comparethe prevalence of self-reported MD (irregular or absent 

menstrual cycles), and attitudes towards body weight in a cohort of young Finnish athletes and 

non-athletes at two life stages, namely adolescence (ages 14–16) and young adulthood (ages 18–

20). We also analysed attitudes towards body weight by different weight categories (underweight, 

normal weight, and overweight).In addition, we investigated whether there were differences in 

BMI, objectively measured physical activity, self-reported training hours, or attitudes towards 

body weight among athletes reporting MD and eumenorrheic athletes. Finally, we conducted 

analyses to determine whether BMI, MD, attitudes towards body weight, physical activity, or age 

at menarche in adolescence might predict MD in young adulthood. 

Materials and methods

Participants

This study formed part of the Finnish Health Promoting Sports Club (FHPSC) study.29In the 

present study, baseline and follow-up surveys were used. The baseline data were collected in 2013 

in two rounds separately for participants in winter and summer sports aged 14–16 years. Detailed 

information on the recruiting process has been presented elsewhere.29 In brief, 272 sports clubs 

from the 10 most popular sports disciplines in Finland were approached and from these, 156 clubs 

(85 winter disciplines and 71 summer disciplines) agreed to participate in the study. Comparative 

data for non-sports club members (non-athletes) were collected at the same time from schools.The 

sample for the present study consisted of the girls who underwent pre-participation screening of 

the FHPSC study, where medical history as well as height and weight was assessed. Participants 

for the pre-participation screening were randomly invited from boththe sports club participants and 

non-participants who replied to the questionnaires administered to the whole sample of the FHPSC 

study.In the present study, girls who participated in a sports club and exercised at least four times 

a week in the training season were considered as athletes. Thus, sports club participants who 

exercised less than four times a week in the training season were excluded(Figure 1).There was no 

difference in the prevalence of MD between the excluded sports club members and the members 

included in the study (p=0.48), but the excluded members had a lower age at menarche (12.2 vs. 

12.7, p=0.02). The final sample size at baseline (i.e. at adolescence) was 283 (178 athletes, 105 

non-athletes). 
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The follow-up data for the FHPSC study were collected in 2017–2018 when the participants were 

18–20 years of age. All the participants who had undergone the pre-participation screening at 

adolescence and who had given their consent to be re-contacted were invited to participate for the 

follow-up. In total, 227 (72.1%) of the 315 girls invited, agreed to participate. Those who refused 

to participate had a similar MD prevalence at adolescence to those who agreed to participate in the 

follow-up (23.8% and 20.0%, respectively, p=0.61). Sports club members who reported exercising 

less than four times a week in the training season were excluded (Figure 1). Those excluded had a 

similar prevalence of MD (p=0.15) and age at menarche (p=0.11) to the athletes included in the 

study. The final sample size at follow-up (in young adulthood) was 211 (52 athletes, 159 non-

athletes).

Sports disciplines were categorised by modifying the criteria of Sundgot-Borgen and Torstveit30as 

follows: endurance (cross-country skiing, orienteering, swimming, race walking, and canoe 

sprint), aesthetic (synchronised skating, figure skating,synchronized swimming, gymnastics, and 

sport dance, technical (horse riding), ball games (soccer, basketball, floorball, badminton, water 

ball, ice-hockey, and ringette), and power/anti-gravitation sports (track and field, speed skating, 

and taekwondo).

The declaration of Helsinki was followed throughout the study, and the study was approved by the 

Ethics Committee of the Health Care District of Central Finland. All the participants gave written 

informed consent before entering the study. In addition, informed consent was requested from a 

guardian if a participant was under 18 years of age. 

Data collection

The baseline data and the follow-up data were collected bywith an identical protocol, explained 

elsewhere,29using structuredquestionnaires, pre-participation screening, and accelerometers.

Questionnaires:

Menstrual status questions included: age at menarche (if occurred), duration of the menstrual 

cycle, number of periods in the preceding year,and hormonal contraceptive (e.g. oral 

contraceptives, implants, injections, transdermal patches, vaginal rings, or intrauterine systems) 

use. In the case of an absence of periods, inquiry was made of the number of consecutively missed 
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cycles. The participants’ gynaecological age was determined by subtracting the age at menarche 

from their chronological age. Participants who did not use hormonal contraceptives were then 

classified into the MD group (menarche not occurred by the age of 15, i.e. primary amenorrhea, 

having ≤9 periods in a preceding year, duration of the menstrual cycle >35 days, or missing 

periods in ≥3 previous months after menarche),1 or the eumenorrhea group. Participants whose 

menstrual cycle was 36–89 days and whose gynaecological age was one year or less were 

excluded from this analysis; this was due to the fact that it takes some time to achieve a regular 

menstrual cycle, and there is great variation in durations between the first and second menstrual 

cycle. However, menstrual cycles exceeding 90 days are not normal, even when they occur in the 

first gynaecological year.31

The following yes/no questions were asked regarding participants’ attitudes towards body weight: 

‘Are you satisfied with your present weight?’, ‘Do you think that you should lose weight?’, and 

‘Do you think that you should gain weight?’

Weekly training hours were reported separately in the training and competition season, in addition 

to weekly rest days during the training and competition season.

Pre-participation screening:

In the pre-participation screening, height and weight, without shoes, were measured in the 

laboratory to the nearest 0.5cm and 0.1kg, respectively. BMI was calculated on the basis of these 

data. The adolescents’ BMI was age-adjusted based onage- and gender-specific BMI international 

cut-off points, using the participants’ mean age (15 years).32,33Hence, BMI <17.5kg/m2was 

classified as underweight, BMI=17.5–23.9kg/m2was classified as normal weight, and 

BMI>23.9kg/m2was classified as overweight. At the young adulthood stage, the cut-off points 

were: underweight = BMI <18.5kg/m2; normal weight = BMI 18.5–24.9kg/m2; overweight = BMI 

≥25.0kg/m2. In the current study, obese participants (2 and 13 in adolescence and in young 

adulthood, respectively) were included in the overweight group.

Accelerometer data: 

Physical activity was measured with a hip-worn, light triaxial accelerometer (Hookie AM20, 

Traxmeet Ltd., Espoo, Finland). The accelerometer was set up during the pre-participation 

screening and subsequently returned or mailed back to the research unit. Participants were asked 
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to wear the accelerometer during waking hours (excluding activities in water) for seven 

consecutive days. The analysis of the raw acceleration data was based on novel algorithms that 

employed the mean amplitude deviation (MAD) of the resultant acceleration in 6-s epochs, and the 

angle for posture estimation (APE) of the body.The analysis further incorporated consistent and 

accurate assessments of the intensity, volume, and daily distribution of physical activity, plus the 

physical activity volume for sedentary and stationary behaviours,along with its daily 

distribution.34-36

The MAD metric has been validated through directly measured incident oxygen uptake (VO2) 

during walking or running on an indoor track.36This strong association made it possible to convert 

MAD values to incident energy consumption (MET).The MET was smoothed by calculating the 

one-minute exponential moving average of MAD values for each 6s epoch. Following 

recommended use,37 cut-points for different activities were set as3–6 MET for moderate activities, 

and over 6 MET for vigorous activities, with corresponding mean daily total times also 

determined. The mean times spent in moderate and vigorous activity per day were summed to 

obtain the total mean time spent in moderate-to-vigorous physical activity (MVPA) per day. The 

average daily step count during the monitoring week was also documented.

Statistical analyses

All the continuous variables were tested for normality prior to statistical analysis. Continuous 

variables are presented as means and standard deviations, and categorical variables as percentages 

and counts. The differences between groups were investigated using the two independent samples 

t-test for distributed data or Mann-Whitney U-test for non-distributed data. In addition, crosstabs,

chi-square, and Fisher’s exact test were used when appropriate for categorial data. Longitudinal

analyses were performed using McNemar’s test when analysing the differences in proportions of

participants with MD at both time points and a binary logistic regression model when investigating

the associations between adolescent’s BMI, MD, attitudes towards body weight, physical activity,

and age at menarche and MD in young adulthood.

Statistical analyses were conducted using IBM SPSS Statistics version 24 (Armonk, NY). The 

significance level was set at <0.05, two-tailed. 
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Results

Based on the questionnaire, menstrual status could be determined in 149 (83.7%) adolescent 

athletes and 97 (92.4%) adolescent non-athletes. Out of those, 8 (5.4%) athletes and 17 (17.5%) 

non-athletes used hormonal contraceptives. Only participants whose menstrual status could be 

determined and who did not use hormonal contraceptives were included in the analysis regarding 

MD (Figure 1). However, all the participants were included in the analysis of other variables such 

as age at menarche, gynaecological age, and attitudes towards body weight.

In adolescence, thenumber of athletes in each sports categories were asfollows: endurance n=53 

(29.8% of the athletes), aesthetic n=62(34.8%), technical n=3(1.7%), ball games n=42 (23.6%), 

and power/anti-gravitation n=18 (10.1%).

Menstrual status in the young adult population was available for 50 (96.2%) athletes and 130 

(81.8%) non-athletes. Out of those, 19 (38.0%) athletes and 59 (45.4%) non-athletes used 

hormonal contraceptives. Participants who used hormonal contraceptives or whose menstrual 

status could not be determined from the questionnaires were excluded from the analysis regarding 

MD.

In young adulthood, athletes were distributed to the sports categories asfollows: endurance n=22 

(42.3% of the athletes), aesthetic n=12 (23.1%), ball games n=10 (19.2%), and power/anti-

gravitation n=8 (15.4%). There were no athletes in the technical sports group in young adulthood. 

Athletes and non-athletes

Table 1 presents the characteristics of the athletes and non-athletes at adolescence and in young 

adulthood. At adolescence, the groups were similar in chronological age, but athletes were slightly 

younger in gynaecological age than non-athletes, since menarche had occurred later in athletes. 

Athletes also exhibited lower BMI, more MVPA, and a higher daily step count than non-athletes. 

There was no difference in the prevalence of MD between athletes and non-athletes at 

adolescence. However, primary amenorrhea (both current and lifetime) was more common among 

athletes than non-athletes. Non-athletes were less satisfied with their weightand had more desire 
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than athletes to lose weight. By contrast, athletes wished to gain weight more often than non-

athletes.

In young adulthood, athletes and non-athletes were similar in both chronological and 

gynaecological age, and there were no differences between groups in terms of age at menarche, 

weight, height, or BMI. Athletes had more MVPA and daily steps than non-athletes. The 

prevalence of MD differed between groups, since 39% of the athletes reported MD, as opposed to 

6% of the non-athletes. The groups were similar in body weight satisfaction, but there was a trend 

towards more satisfaction among athletes (p=0.07). Furthermore, non-athletes were more willing 

to lose weight than athletes. 

Figure 2 presents attitudes towards body weight by different weight groups (underweight, normal 

weight, or overweight) among athletes and non-athletes in adolescence. Among the athletes, 

higher weight satisfaction was associated with lower BMI (p=0.01), while a higher desire to lose 

weight was associated with higher BMI (p=0.02). There was no association between a desire to 

gain weight and BMI among the athletes (p=0.28). Among non-athletes, lower weight satisfaction 

was associated with higher BMI (p<0.001), and a higher desire to lose weight was associated with 

higher BMI (p<0.001). Among non-athletes in adolescence, there was no difference between 

weight groups in terms of a desire to gain weight (p=0.20). Normal weight athletes were more 

satisfied with their weight (p=0.006) than normal weight non-athletes. They also wished to lose 

weight less often (p=0.01)and wanted to gain weight more often (p=0.04) than normal weight 

non-athletes. Similarly, overweight athletes were more satisfied with their weight (p=0.004) than 

overweight non-athletes. They also showed less desire to lose weight (p=0.004). There was no 

difference in the desire to gain weight between overweight athletes and non-athletes. The attitudes 

of underweight athletes did not differ from those of underweight non-athletes.

Among young adult athletes, there were no differences in attitudes towards weight between the 

three weight groups (Figure 3). Among non-athletes, higher weight satisfaction was associated 

with lower BMI (p<0.001), a higher desire to lose weight was associated with higher BMI 

(p<0.001), and a lower desire to gain weight was associated with higher BMI (p<0.001). 

Overweight athletes were more satisfied with their weight (p=0.005) and had less desire to lose 

weight (p=0.001) than overweight non-athletes. Athletes did not differ from non-athletes in the 

normal and underweight groups. 
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Athletes reporting MD and eumenorrheic athletes

Table 2 presents the characteristics of athletes reporting MD and eumenorrheic athletes. At 

adolescence, the gynaecological age of athletes with MD was lower than that of the eumenorrheic 

athletes. In addition, athletes with MD had a higher age at menarche and lower BMI than 

eumenorrheic athletes. The groups showed similar amounts of measured MVPA and steps per day; 

however, eumenorrheic athletes reported a higher training volume during the training season than 

athletes in the MD group. 

In young adulthood, the only differences between athletes with MD and eumenorrheic athletes 

were seen in objectively measured MVPA and in step counts. Athletes with MD had on average 

40 minutes more MVPA and almost 5000 more steps than the eumenorrheic athletes (Table 2). 

There were no significant differences in attitudes towards body weight between the MD and the 

eumenorrhea groups, at either adolescence or young adulthood. 

There were no differences in MD prevalence between the different sports categories either in 

adolescence or in young adulthood.

Longitudinal analysis

In the longitudinal analysis, MD inadolescence predicted MD in young adulthood among all 

participants (OR 11.33, 95% CI 3.26–39.34, p<0.001), and among those who had been athletes in 

adolescence (OR 18.00, 95% CI 3.69–87.70, p=0.001).BMI, attitudes towards body weight, 

physical activity, or age at menarche reported in adolescence did not predict MD in young 

adulthood. McNemar’s test showed that the MD proportions did not differ between adolescence 

and young adulthood, either when an analysis was conducted of all the participants (p=0.61), or 

purely of those who had been athletes in adolescence (p=1.00).

Discussion

A higher percentage of adolescent athletes than non-athletes reported primary amenorrhea. We 

also found that adolescent female athletes had a higher mean age at menarche than non-athletes of 
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similar age. In young adulthood, MD was more common in athletes than in non-athletes, and the 

prevalence of MD in athletes was relatively high (38.7%). In adolescence, athletes reporting MD 

had a lower BMI and a higher age at menarche than eumenorrheic athletes. To our knowledge, this 

is the first study to compare physical activity levels assessed by accelerometers in eumenorrheic 

athletes and athletes with MD. We found that young adult athletes with MD performed more 

MVPA and steps per day than eumenorrheic athletes, despite the fact that there was no difference 

in self-reported training volume. Body weight satisfaction was more common in adolescent 

athletes, and young adult athletes showed a trend towards higher body satisfaction than non-

athletes. The only factor predicting MD in young adulthood was MD in adolescence, while there 

was no relationship between BMI, attitudes towards body weight, physical activity, or age at 

menarche in adolescence and MD in young adulthood. 

Prevalence of menstrual dysfunction

Studies that have used the same criteria for MD as the current study are mainly consistent with our 

findings showing that MD in adolescent athletes ranges between 18% and 28%.5,9-11,13However, in 

our study, the prevalence of current primary amenorrhea among adolescent athletes was 4.7%, 

which is higher than in several other studies conducted in athletes of a similar age.5,7,11,13The 

characteristics and definition of an ‘athlete’ may contribute to the differences between the studies.

The prevalence of MD in young adult athletes in the present study was 38.7%, which is lower than 

has been observed among elite endurance athletes.38 However, in a large study conducted among 

Norwegian elite athletes,4 the prevalence of MD was lower than in the present study. The 

difference applied to all the Norwegian subjects (with an MD prevalence of 16.5%), and also to 

the lean sports athletes (where the MD prevalence in endurance and aesthetic athletes was 30.5% 

and 30.0%, respectively) regardless of the fact that lean sports athletes tend to have higher rates of 

MD than athletes in other disciplines.2,4,5 In addition, in a study conducted among university 

athletes in all types of sports, the prevalence of MD was lower (26.8%) than in the present study.14

In a previousFinnish study,8 the prevalence of MD among national-level athletes was 27–37% 

depending on thetype of sports, which is in accordance with the present study. However, among 

high-level Finnish endurance athletes,the reported prevalence of amenorrhea was higher than that 

observed in the present study.39
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Studies comparing the prevalence of MD in athletes and non-athletes have reported conflicting 

findings. Studies conducted among adolescent elite runners6and varsity athletes from high school12 

found that athletes had a higher prevalence of MD than controls, which is in accordance with our 

findings among participants in young adulthood.By contrast, studies conducted amongyoung elite 

athletes in a range of sports4,7 did not find any difference in MD prevalence between athletes and 

controls. This is consistent with our results among participants in adolescence.

In the present study, the mean age at menarche assessed in adolescence was 12.7 years in athletes, 

which is consistent with other studies.5,11,13In addition, our finding that athletes’ age at menarche 

was higher than that of non-athletes is in agreement with the studies conducted by Torstveit and 

Sundgot-Borgen4 and by Hoch et al.12

Attitudes towards body weight 

We found that non-athletes had more desire to lose weight than athletes, both in adolescence and 

in young adulthood.The finding is consistent with the study conducted by Fogelholm and 

Hiilloskorpi.8Our figure for body weight satisfaction among non-athletes at adolescence is about 

the same as has been previously reported among Finnish adolescents.22Our finding that body 

weight dissatisfaction was more common among adolescent non-athletes than among athletes of 

the same age is consistent with a meta-analysis conducted by Hausenblas and Downs,40 which 

found that athletes reported a more positive body image than their non-athletic peers. Physical 

activity may help athletes to maintain a healthier body composition, in line with indications that 

physically active persons have fewer problems related to eating control than their less active 

counterparts.41It should also be noted that in our study, adolescent athletes had a lower BMI than 

non-athletes, and this could be one reason for the fact that athletes were more satisfied with their 

weight than non-athletes.

When we took weight status into account, we observed that higher weight satisfaction was 

associated with lower BMI in all groups except young adult athletes. The finding of an association 

between higher weight satisfaction and lower BMI is in accordance with other studies.21,24In 

adolescent and young adult non-athletes, and also in adolescent athletes, an increased desire to 

lose weight was associated with higher BMI – a finding consistent with the results of Neighbors 

and Sobal.21 As regards our measurements of athletes in young adulthood, we may have lacked the 
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statistical power to detect possible effects operating between BMI, weight satisfaction, and a 

desire to lose or gain weight, due to the small numbers of underweight and overweight athletes.

In the current study, athletes tended to exhibit a smaller tendency to lose weight and to be more 

satisfied with their weight than non-athletes in the same weight group. We did not measure body 

composition, but it can be speculated that athletes had more lean mass than non-athletes, and that 

this could affect body satisfaction and the desire to lose weight. 

Some normal weight participants showed a desire to lose weight, both in adolescence and in young 

adulthood. In fact, it has been demonstratedthat many underweight and normal weight females 

misclassify themselves as overweight, and that some weight loss efforts among women result from 

body image problems, rather than any actual need to lose weight.42This might have been the case 

among some of our participants also. It is known that some elite female athletes try to lose weight 

in order to improve their performance, or to meet the ‘ideal’ body weight and composition of an 

athlete.23In the present study, at both time-points, about one fifth of the athletes and about 40% of 

the non-athletes experienced body weight dissatisfaction. Since it is known that body weight 

dissatisfaction is a risk factor for disordered eating,20 it would be important to pay attention to 

young peoplewho are dissatisfied with their weight.

Athletes reporting MD and eumenorrheic athletes

Some, but not all studies have shown that amenorrheic athletes have lower BMI than their 

eumenorrheic peers.27,28,43 This was the case also in the current study, where the adolescent 

athletes reporting MD had lower BMI than the eumenorrheic athletes. Nevertheless, the average 

BMI in our MD group remained within the normal limits. Furthermore, in young adulthood, no 

difference in BMI between the athletes with MD and eumenorrheic athletes was seen.Low BMI 

does not in itself seem to cause MD; however, it may be an indication of low EA, bearing in mind 

that low EA has been shown to be the reason for MD in the Female Athlete Triad/RED-S, as 

opposed to low BMI or low body fat.44

To our knowledge, this is the first study to compare objectively measured physical activity levels 

in eumenorrheic athletes and athletes with MD. Torstveit and Sundgot-Borgen4 found that self-

reported training volume was not associated with MD in elite athletes in multiple sports 
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disciplines, which is in accordance with the results of the present study regarding adolescence. In 

addition, in the study conducted by Tornberg et al.,26 there was no difference in aerobic training 

volume between amenorrheic and eumenorrheic athletes even though amenorrheic athletes 

performed more resistance training.However,Henriksson et al.25 found that endurance runners with 

MD had more training hours per week than eumenorrheic runners. In the present study, young 

adultathletes with MD had more MVPA than eumenorrheic athletesand their step count was 

greater – this despite the fact that there was no difference between the groups in self-reported 

training hours. Previous studies have indicated that training volume per se does not cause MD, but 

that vigorous and regular exercise increases energy expenditure. Furthermore, increased energy 

expenditure could lead to low EA, and consequently to MD.44 It is possible that this was also the 

case among our MD participants. We did not ask the participants about their attitudes towards 

eating, so we cannot know if the possible low EA resulted from DE or ED. Future studies should 

investigate whether the association between MD and objectively measured physical activity can be 

replicated with larger samples. 

We did not find a difference in MD prevalence between different sports categories, which is 

contrary to some4,5but not all9 previous findings.However, the statistical power of this analysis 

was low due to the small number of participants in different sports groups.

Longitudinal analysis

Relatively few studies have investigated the factors predicting MD in athletes. To et al.45 

conducted a prospective study in Chinese collegiate dance students and found that a decline in 

BMI or body fat did not explain MD in a year-long follow-up. Wiksten-Almströmer et al.46studied 

women diagnosed with MD in adolescence and found that MD was still present in 62% of subjects 

not using hormonal contraceptives after six years of follow-up. The only significant factor 

predicting resumption of regular menses was previous eating disorder (anorexia nervosa). Those 

who were anorexic in adolescence had the highest rate of resumption of regular menses. In our 

study, the only variable predicting MD in young adulthood was MD in adolescence. Further 

research is needed to confirm these results. However, it is important to pay attention to adolescents 

with MD to prevent future problems in health and/or performance.  

Limitations
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There are some limitations in the current study. We investigated MD on the basis ofself-reported 

data, without additional laboratory measurements. The possible other causes for MD, such as 

polycystic ovary syndrome (PCOS), pregnancy, or thyroid disorders were not recorded in a 

structured way in our study.In addition, the range of menstrual cycles in adolescence is wider than 

in adulthood,31 complicating interpretation of the data regarding MD in adolescence. Participants 

were asked if they had had MD only within the preceding 12 months; hence there is a possibility 

that the participants had experienced secondary amenorrhea or oligomenorrhea at a previous time 

in their life. Furthermore, we did not measure body composition or ask about weight fluctuation. It 

was thus not possible to determine whether there was an association between body fat percentage 

and weight satisfaction, regardless of BMI. Moreover, we did not obtain data on whether a 

participant had recently lost or gained weight. Nor did we ask about eating disorders or assess 

energy intake. Finally, there is a possibility of recall bias in the reports at each time point.

Perspective

While previous studies have shown that MD is a common problem in elite and high school athletes 

in many countries,4-14,38 the findings of the present study indicate that young Finnish athletes, too, 

exhibit fairly high levels of MD.Our results also suggest that young female athletes may be more 

satisfied with their weight than their non-athletic peers. This isconsistent with an earlier meta-

analysis,40 which showed that athletes had a more positive body image than non-athletes.The 

present study also found that young adult athletes reporting MD performed more physical activity 

than eumenorrheic athletes – a finding contrary to most of the previous studies investigating 

training volumes or exercise energy expenditure.4,26-28Furthermore, it has been shown that efforts 

to lose weight are not necessarily related to any actual need for weight loss,42 as body image 

problems are common among young females.21,22 In the current study, weight dissatisfaction was 

seen among both athletes and non-athletes. Thus, irrespective of one’s status as an athlete or non-

athlete, it would be important to support young people who are dissatisfied with their weight, in 

order to identify or forestall disordered eating, which can result from body weight 

dissatisfaction.17Finally, we found that the only factor predicting MD in young adulthood was MD 

in adolescence. This finding highlights the importance of identifying athletes with MD as early as 

possible.Increasing knowledge on the high prevalence of MD as well as body weight 
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dissatisfaction seen in young females is important to prevent future health problems related to MD 

and disordered eating and to decrease the stigma surrounding these issues.

References

1. Nattiv A, Locks A, Manore M, Sanborn C, Sundgot-Borgen J, Warren M. The female athlete

triad. Medicine & Science in Sports & Exercise. 2007;39(10):1867-1882.

2. De Souza MJ, Nattiv A, Joy E, et al. 2014 Female Athlete Triad Coalition Consensus Statement

on Treatment and Return to Play of the Female Athlete Triad: 1st International Conference held in

San Francisco, California, May 2012 and 2nd International Conference held in Indianapolis,

Indiana, May 2013. Br J Sports Med. 2014;48(4):289.

3. Mountjoy M, Sundgot-Borgen J, Burke L, et al. The IOC consensus statement: Beyond the

female athlete triad—Relative energy deficiency in sport (RED-S). Br J Sports Med.

2014;48(7):491-497.

4. Torstveit MK, Sundgot-Borgen J. Participation in leanness sports but not training volume is

associated with menstrual dysfunction: A national survey of 1276 elite athletes and controls. Br J

Sports Med. 2005;39(3):141-147.

5. Nichols JF, Rauh MJ, Barrack MT, Barkai H, Pernick Y. Disordered eating and menstrual

irregularity in high school athletes in lean-build and nonlean-build sports. Int J Sport Nutr Exerc

Metab. 2007;17(4):364-377.

6. Muia EN, Wright HH, Onywera VO, Kuria EN. Adolescent elite Kenyan runners are at risk for

energy deficiency, menstrual dysfunction and disordered eating. J Sports Sci. 2016;34(7):598-606.

7. Martinsen M, Bratland-Sanda S, Eriksson AK, Sundgot-Borgen J. Dieting to win or to be thin?

A study of dieting and disordered eating among adolescent elite athletes and non-athlete controls.

Br J Sports Med. 2010;44(1):70-76.

8. Fogelholm M, Hiilloskorpi H. Weight and diet concerns in Finnish female and male athletes.

Med Sci Sports Exerc. 1999;31(2):229-235.



This article is protected by copyright. All rights reserved

9. Thein-Nissenbaum JM, Rauh MJ, Carr KE, Loud KJ, McGuine TA. Associations between

disordered eating, menstrual dysfunction, and musculoskeletal injury among high school athletes.

journal of orthopaedic & sports physical therapy. 2011;41(2):60-69.

10. Rauh MJ, Barrack M, Nichols JF. Associations between the female athlete triad and injury

among high school runners. International journal of sports physical therapy. 2014;9(7):948.

11. Rauh MJ, Tenforde AS, Barrack MT, Rosenthal MD, Nichols JF. Associations between sport

specialization, running-related injury, and menstrual dysfunction among high school distance

runners. Athletic Training and Sports Health Care. 2018;10(6):260-269.

12. Hoch AZ, Pajewski NM, Moraski L, et al. Prevalence of the female athlete triad in high school

athletes and sedentary students. Clinical journal of sport medicine: official journal of the

Canadian Academy of Sport Medicine. 2009;19(5):421.

13. Thein-Nissenbaum JM, Rauh MJ, Carr KE, Loud KJ, McGuine TA. Menstrual irregularity and

musculoskeletal injury in female high school athletes. Journal of athletic training. 2012;47(1):74-

82.

14. Tenforde AS, Carlson JL, Chang A, et al. Association of the female athlete triad risk

assessment stratification to the development of bone stress injuries in collegiate athletes. Am J

Sports Med. 2017;45(2):302-310.

15. Loucks A, Thuma J. Luteinizing hormone pulsatility is disrupted at a threshold of energy

availability in regularly menstruating women. The Journal of Clinical Endocrinology &

Metabolism. 2003;88(1):297-311.

16. Williams NI, Statuta SM, Austin A. Female athlete triad: Future directions for energy

availability and eating disorder research and practice. Clin Sports Med. 2017;36(4):671-686.

17. Shi J, Zhang B, Choi J, et al. Age at menarche and age at natural menopause in East Asian

women: A genome-wide association study. Age. 2016;38(5-6):513-523.

18. Loucks AB, Kiens B, Wright HH. Energy availability in athletes. J Sports Sci.

2011;29(sup1):S7-S15.



This article is protected by copyright. All rights reserved

19. Mountjoy M, Sundgot-Borgen JK, Burke LM, et al. IOC consensus statement on relative

energy deficiency in sport (RED-S): 2018 update. Br J Sports Med. 2018:bjsports-099193.

20. Stice E, Shaw HE. Role of body dissatisfaction in the onset and maintenance of eating

pathology: A synthesis of research findings. J Psychosom Res. 2002;53(5):985-993.

21. Neighbors LA, Sobal J. Prevalence and magnitude of body weight and shape dissatisfaction

among university students. Eating Behav. 2007;8(4):429-439.

22. Mikkilä V, Lahti-Koski M, Pietinen P, Virtanen SM, Rimpelä M. Associates of obesity and

weight dissatisfaction among Finnish adolescents. Public Health Nutr. 2003;6(1):49-56.

23. Sundgot-Borgen J. Risk and trigger factors for the development of eating disorders in female

elite athletes. Medicine & Science in Sports & Exercise. 1994;26(4):414-419.

24. Coelho EM, Fonseca SC, Pinto GS, Mourão-Carvalhal MI. Factors associated with body

image dissatisfaction in Portuguese adolescents: Obesity, sports activity and TV watching.

Motricidade. 2016;12(2):18-26.

25. Henriksson GB, Schnell C, Hirschberg AL. Women endurance runners with menstrual

dysfunction have prolonged interruption of training due to injury. Gynecol Obstet Invest.

2000;49(1):41-46.

26. Tornberg ÅB, Melin A, Koivula FM, et al. Reduced neuromuscular performance in

amenorrheic elite endurance athletes. Medicine & Science in Sports & Exercise.

2017;49(12):2478-2485.

27. Zanker CL, Swaine IL. Bone turnover in amenorrhoeic and eumenorrhoeic women distance

runners. Scand J Med Sci Sports. 1998;8(1):20-26.

28. Clark LR, Dellogono MJ, Mangano KM, Wilson TA. Clinical menstrual dysfunction is

associated with low energy availability but not dyslipidemia in division I female endurance

runners. Journal of Exercise Physiology Online. 2018;21(2):265-277.



This article is protected by copyright. All rights reserved

29. Kokko S, Selänne H, Alanko L, et al. Health promotion activities of sports clubs and coaches,

and health and health behaviours in youth participating in sports clubs: The health promoting

sports club study. BMJ open sport & exercise medicine. 2015;1(1):e000034.

30. Sundgot-Borgen J, Torstveit MK. Prevalence of eating disorders in elite athletes is higher than

in the general population. Clinical Journal of Sport Medicine. 2004;14(1):25-32.

31. American Academy of Pediatrics, American College of Obstetricians and Gynecologists.

Menstruation in girls and adolescents: Using the menstrual cycle as a vital sign. Pediatrics.

2006;118(5):2245-2250.

32. Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to define thinness in

children and adolescents: International survey. BMJ. 2007;335(7612):194.

33. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child

overweight and obesity worldwide: International survey. BMJ. 2000;320(7244):1240.

34. Vähä‐Ypyä H, Vasankari T, Husu P, Suni J, Sievänen H. A universal, accurate intensity‐based

classification of different physical activities using raw data of accelerometer. Clinical physiology

and functional imaging. 2015;35(1):64-70.

35. Vähä‐Ypyä H, Husu P, Suni J, Vasankari T, Sievänen H. Reliable recognition of lying, sitting,

and standing with a hip‐worn accelerometer. Scand J Med Sci Sports. 2018;28(3):1092-1102.

36. Vähä-Ypyä H, Vasankari T, Husu P, et al. Validation of cut-points for evaluating the intensity

of physical activity with accelerometry-based mean amplitude deviation (MAD). PloS one.

2015;10(8):e0134813.

37. Sievänen H, Kujala UM. Accelerometry—Simple, but challenging. Scand J Med Sci Sports.

2017;27(6):574-578.

38. Melin A, Tornberg ÅB, Skouby S, et al. Energy availability and the female athlete triad in elite

endurance athletes. Scand J Med Sci Sports. 2015;25(5):610-622.



This article is protected by copyright. All rights reserved

39. Heikura IA, Uusitalo AL, Stellingwerff T, Bergland D, Mero AA, Burke LM. Low energy

availability is difficult to assess but outcomes have large impact on bone injury rates in elite

distance athletes. Int J Sport Nutr Exerc Metab. 2018;28(4):403-411.

40. Hausenblas HA, Downs DS. Comparison of body image between athletes and nonathletes: A

meta-analytic review. Journal of applied sport psychology. 2001;13(3):323-339.

41. Rintala M, Lyytikäinen A, Leskinen T, et al. Leisure-time physical activity and nutrition: A

twin study. Public Health Nutr. 2011;14(5):846-852.

42. Lowry R, Galuska DA, Fulton JE, Wechsler H, Kann L, Collins JL. Physical activity, food

choice, and weight management goals and practices among US college students. Am J Prev Med.

2000;18(1):18-27.

43. McCall LM, Ackerman KE. Endocrine and metabolic repercussions of relative energy

deficiency in sport (RED-S). Current Opinion in Endocrine and Metabolic Research. 2019.

44. Loucks AB. Energy availability, not body fatness, regulates reproductive function in women.

Exerc Sport Sci Rev. 2003;31(3):144-148.

45. To WW, Wong MW, Lam IY. Hormonal predisposition to menstrual dysfunction in collegiate

dance students. Acta Obstet Gynecol Scand. 2000;79(12):1117-1123.

46. Wiksten‐Almströmer M, Hirschberg AL, Hagenfeldt K. Prospective follow‐up of menstrual

disorders in adolescence and prognostic factors. Acta Obstet Gynecol Scand. 2008;87(11):1162-

1168.



This article is protected by copyright. All rights reserved

Table 1. Characteristics of the cohort of the athletes and non-athletes in adolescenceand in young adulthood.

Adolescence (14–16 years) Young adulthood (18–20 years)

n Athletes n Non-athletes p-value n Athletes n Non-athletes p-value

Chronological age, y 178 14.9 (0.6) 105 15.0 (0.4) 0.43 52 18.8 (0.7) 159 18.9 (0.7) 0.71

Gynaecological age, y 165 2.4 (1.2) 104 2.8 (1.1) 0.002 50 5.9 (1.6) 159 6.3 (1.4) 0.06

Age at menarche, y 165 12.7 (1.1) 104 12.2 (1.1) 0.001 50 12.9 (1.5) 159 12.5 (1.3) 0.16

Height, cm 178 166.2 (6.0) 105 165.7 (6.4) 0.45 52 168.7 (6.9) 158 167.3 (6.4) 0.19

Weight, kg 178 57.9 (7.6) 105 59.9 (9.7) 0.08 52 63.1 (8.0) 158 65.5 (11.4) 0.13

BMI, kg/m2 178 20.9 (2.2) 105 21.8(3.1) 0.01 52 22.2 (2.4) 158 23.4 (3.9) 0.06

MVPA per day, h:mm 164 1:19 (0:28) 87 0:59 (0:23) <0.001 39 1:21 (0:38) 130 0:54 (0:30) <0.001

Daily step count 164 9310 (2816) 87 7674 (2535) <0.001 39 10117 (4273) 130 7236 (3179) <0.001

Current MD 141 17.7% (25) 80 17.5% (14) 0.97 31 38.7% (12) 71 5.6% (4) <0.001

Current/previous primary 

amenorrhea

172 8.1% (14) 102 0.0% (0) 0.003 50 12.0% (6) 159 7.5% (12) 0.39

Current primary amenorrhea 172 4.7% (8) 102 0.0% (0) 0.03 50 0.0% (0) 159 0.0% (0) -

Menarche occurred 178 92.7% (165) 104 100.0% 

(104)

0.003 52 100.0% (52) 159 100.0% 

(159)

-

Hormonal contraceptive users 178 5.1% (9) 105 17.1% (18) 0.001 51 40.4% (21) 157 49.7% (79) 0.24

Satisfied with weight 174 81.6% (142) 104 55.8% (58) <0.001 51 76.5% (39) 157 62.4% (98) 0.07

Desire to lose weight 171 19.3% (33) 103 43.7% (45) <0.001 51 29.4% (15) 155 46.5% (72) 0.03

Desire to gain weight 172 14.0% (24) 100 4.0% (4) 0.009 48 2.1% (1) 148 5.3% (8) 0.69
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Sports category 178 - 52 -

Endurance 29.8% (53) - - 42.3% (22) - -

Aesthetic 33.7% (60) - - 23.1% (12) - -

Technical 2.8% (5) - - 0.0% (0) - -

Ball games 23.6% (42) - - 19.2% (10) - -

Power/anti-gravitation 10.1% (18) - - 15.4% (8) - -

The data are presented as means (standard deviations) or percentages (counts).

Table 2. Characteristics of the athletecohort divided into menstrual dysfunction (MD) and eumenorrhea groups, in adolescence and in young 

adulthood.

Adolescence (14–16 years) Young adulthood (18–20 years)

n MD† n Eumenorrhea p-value n MD n Eumenorrhea p-value

Chronological age, y 31 15.2 (0.5) 116 15.0 (0.6) 0.11 12 18.5 (0.5) 19 18.8 (0.8) 0.22

Gynaecological age, y 23 2.0 (1.2) 116 2.6 (1.0) 0.04 12 5.5 (1.6) 18 6.1 (1.0) 0.21

Age at menarche, y 23 13.3 (1.4) 116 12.5 (1.0) 0.008 12 13.0 (1.5) 18 12.7 (0.9) 0.61

Height, cm 31 167.8 (5.9) 116 166.2 (6.1) 0.19 12 169.8 (9.6) 19 169.0 (6.8) 0.71

Weight, kg 31 56.8 (7.4) 116 59.4 (7.5) 0.08 12 65.1 (10.2) 19 64.5 (8.3) 0.64
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BMI, kg/m2 31 20.1 (2.0) 116 21.5 (2.2) 0.002 12 22.6 (3.3) 19 22.6 (2.5) 0.99

MVPA per day, h:mm 26 1:17 (0:30) 107 1:18 (0:26) 0.91 9 1:37 (0:22) 14 0:57 (0:26) 0.001

Daily step count 26 8869 (2825) 107 9168 (2713) 0.62 9 12172 (2980) 14 7326 (2287) <0.001

Self-reported weekly training 

hours in the training season

27 8.9 (3.5) 113 10.5 (4.3) 0.04 12 12.7 (4.6) 19 10.9 (4.3) 0.29

Self-reported weekly training 

hours in the competition season

27 9.0 (3.3) 113 10.6 (5.1) 0.10 12 11.3 (4.6) 19 10.1 (4.4) 0.82

Self-reported weekly rest days 

in the training season

27 1.9 (0.8) 112 1.8 (0.9) 0.53 12 1.5 (0.7) 19 1.5 (0.9) 0.82

Self-reported weekly rest days 

the in the competition season

27 1.9 (0.8) 112 1.6 (0.8) 0.06 12 1.5 (0.7) 19 1.6 (0.7) 0.89

Satisfied with weight 30 80.0% (24) 112 81.3% (91) 1.00 12 75.0% (9) 19 78.9% (15) 1.00

Desire to lose weight 30 13.3% (4) 109 20.2% (22) 0.34 12 33.3% (4) 19 26.3% (5) 0.70

Desire to gain weight 30 10.0% (3) 112 13.4% (15) 0.76 11 0.0% (0) 18 0.0% (0) -

Sports category 31 116 0.674 12 19 0.300

Endurance 25.0% (10) 75.0% (30) 30.8% (4) 69.2% (9)

Aesthetic 16.7% (9) 83.3% (45) 28.6% (2) 71.4% (5)

Technical 0.0% (0) 100.0% (3) 0.0% (0) 0.0% (0)
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The data are presented as means (standard deviations)or percentages (counts). † Current MD (n=25) or history of primary amenorrhea within the 

preceding year (n=6). 

Ball games 27.0% (10) 73.0% (27) 71.4% (5) 28.6% (2)

Power/anti-gravitation 15.4% (2) 84.6% (11) 25.0% (1) 75.0% (3)



This article is protected by copyright. All rights reserved

Figure legends:

Figure 1. Data collection and final study groups. 

* Number of girls who did not use hormonal contraceptives and who answered the questions

regarding menstruation in such a way that it was possible to determine their menstrual status. Only

these girls were included in the MD analysis.

Five of the girls participating in the study in adolescence were not invited to the follow-up, as they 

did not want to be re-contacted.

Figure 2. Attitudes towards body weight by weight groups among athletes and non-athletes in 

adolescence (14–16 years of age). Bars indicate the percentages of the participants who had a 

desire to gain or lose weight, or who were satisfied with their weight. The sum of the percentages 

may deviate from 100, as the participants responded to each item separately. Some reported 

satisfaction with their weight, but still indicated a desire to lose or gain weight.

Figure 3. Attitudes towards body weight by weight groups among athletes and non-athletes in 

young adulthood (18–20 years of age). Bars indicate the percentages of the participants who had a 

desire to gain or lose weight, or who were satisfied with their weight. The sum of percentages may 

deviate from 100,as the participants responded to each item separately. Some reported satisfaction 

with their weight, but still indicated a desire to lose or gain weight. 
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Abstract: This study aimed to investigate the associations of competitive sport participation in
adolescence and age at menarche (AAM) with body composition, femoral neck bone mineral density
(BMD), physical performance, and physical activity (PA) in middle-aged women. 1098 women aged
47–55 years formed the sample of this retrospective study. Participants self-reported their PA level at
age 13–16 years and AAM. The protocol also included dual-energy X-ray absorptiometry, physical
performance tests, and accelerometer-measured PA. Participants were divided into three groups
according to their PA level at the age of 13–16 (no exercise, regular PA, and competitive sport) and
according to their AAM (≤12, 13, and ≥14 years). After adjusting for potential confounding factors,
participation in competitive sport at age 13–16 was associated with higher midlife lean mass and BMD,
and better physical performance compared to groups with no exercise or regular PA. Individuals
with AAM ≥ 14 years had lower midlife BMI and fat mass than participants in the other AAM
groups and pre- and perimenopausal women with AAM ≥ 14 years had lower BMD than those with
AAM ≤ 12. The findings indicate that participation in competitive sport in adolescence is associated
with healthier body composition, higher BMD, and better physical performance in midlife, but BMD
might be impaired if menarche occurs late.

Keywords: adolescent athlete; female athlete; age at menarche; body composition; bone mineral
density; physical performance; physical activity

1. Introduction

Physical activity (PA) provides many health benefits, especially during adolescence [1].
Adolescence is a critical time for skeletal growth and mineralization [2], which is enhanced with
weight-bearing PA [3]. Studies with female participants have shown that sport participation in
childhood/adolescence is associated with better bone health in early [4–6] and late adulthood [7–9],
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and former athletes have more lean mass and less fat mass than their sedentary controls in midlife [7].
PA tracks from adolescence to adulthood among women, although only at low to moderate level [10–12]
and organised sport participation in adolescence is associated with healthy lifestyle habits later in
life [13]. Despite these positive effects of PA, some female athletes suffer from conditions such as
low energy availability, eating disorders or disordered eating, menstrual dysfunction and low bone
mineral density (BMD), which can have adverse long-term health effects [14,15]. Further, athletes may
be exposed to injuries, and consequently to later life pain and/or disabilities [16–19], but data on the
prevalence of musculoskeletal problems in former female athletes compared to the general population
is limited. There is also a lack of knowledge regarding fractures in former female athletes compared to
non-athletes [20].

In addition to sport participation in adolescence, age at menarche (AAM) has been shown to be
associated with bone health. AAM is associated negatively with BMD [21–24] and positively with
fracture risk later in life [25,26]. Although female athletes tend to attain menarche later than their
non-athletic peers [27–29], investigating the association between AAM and bone health in adulthood
rarely take into account adolescence PA. Moreover, while there is evidence that AAM is inversely
associated with fat percentage and BMI in adulthood [30–32], it is not known if AAM is associated
with lean mass and physical performance in midlife.

Since, to our knowledge, no previous study has investigated long-term consequences of both
sport participation in adolescence and AAM on midlife characteristics, further information on these
links would provide important information for understanding these relationships. Thus, with this
retrospective descriptive study, we aimed to investigate the associations between competitive sport
participation in adolescence (i.e., at age 13–16) and AAM with middle-aged body composition, BMD,
physical performance, and PA in 47–55-year-old women. Furthermore, we investigated if the lifetime
occurrence of fractures, current musculoskeletal problems, and the lifetime occurrence of anorexia
nervosa differed until middle age according to adolescent physical activity status or AAM.

2. Materials and Methods

2.1. Participants

In the current study, data collected in the Estrogenic Regulation of Muscle Apoptosis (ERMA)
study [33] were utilised. A written invitation was sent to 6878 women representing a random sample
of 47–55-year-old women living in Jyväskylä or neighbouring municipalities in Central Finland.
The response rate was 47%. From the eligible participants (n = 1627), 1393 gave blood samples and
1102 of them provided full questionnaire data. Due to technical error, four questionnaires were lost.
Thus, the sample size of the present study was 1098. Of the whole sample, 988 provided information
about their physical activity (PA) level at age 13–16 and 1081 responded to the question regarding age
at menarche (AAM) (Figure 1).

In the ERMA study, the exclusion criteria were conditions and use of medications affecting
ovarian function, obesity (self-reported BMI > 35 kg/m2), or conditions hindering daily physical or
mental functioning.

The study was approved by the Ethics Committee of the Central Finland Health Care District
(K-S shp Dnro 8U/2014) and all the participants provided written informed consent. The study protocol
is described in detail in Kovanen et al. [33].

2.2. Assessment Methods

2.2.1. Adolescent Predictors

PA Level

Participants described their PA level at age 13–16 as one of four possible options: no exercise, regular
independent leisure-time PA, regular other supervised PA in a sport club etc., and regular competitive
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sport and training related to that sport (modified by Hirvensalo et al. [34]). Regular independent
leisure-time PA was defined as regular PA during a journey to or from school/work (>2 km/one way)
or as regular PA causing sweating that is not organised by a school, sports club, fitness centre, etc.

 

Figure 1. Flow chart of the recruitment of the participants. BMI = body mass index; DXA =Dual-energy
X-ray absorptiometry; HG = hand grip force; KE = knee extension force; JH = jumping height;
WS =walking speed; WD = walking distance; accelerom. PA = accelerometer-measured physical
activity; self-rep. PA = self-reported physical activity. Some of the participants were excluded for some
or all physical performance tests for the health reasons.

The definition for supervised PA was as follows: all regular non-competitive PA, organised by
a sports club, fitness centre, Girl Scouts, etc. Competitive sport and related training was defined as
regular, goal-oriented competitive sport within a sports club etc., and competing and training in
that discipline.

Participants were classified into three groups based on their answers: no exercise group, regular
PA group, which includes participants who reported performing independent or supervised or both but
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did not report being competing in any sport, and competitive sport group. Participants were also asked
what sports disciplines they were engaged in and they were instructed to underline the disciplines
in which they competed. PA level at other age stages 7–12, 17–19, 20–29, 30–39, and 40–50 years was
similarly assessed to show the tracking of PA.

AAM

Participants self-reported the age of their first menstruation (age at menarche; AAM) and were
subsequently categorised in approximately equal groups as follows: ≤12 years, 13 years, and ≥14 years.

2.2.2. Middle Age Characteristics

Anthropometrics and Body Composition

All of the anthropometrics and body composition measurements were assessed between 7:00 and
10:00 a.m. after overnight fasting. Participants’ weight was measured in their underwear to the nearest
0.01 kg with a beam scale. Height was measured to the nearest 1.0 cm with a stadiometer. BMI was
calculated as weight in kilograms divided by height in meters squared. Femoral neck BMD and body
composition were assessed by dual x-ray absorptiometry (DXA, LUNAR; GE Healthcare, Chicago, IL,
USA) [35]. Fat percentage was calculated as total fat mass divided by total mass multiplied by 100.
Fat and lean mass indexes were calculated as fat mass (kg) and lean mass (kg), respectively, divided by
height squared (m2). Appendicular lean mass index (ALMI) was calculated as arms lean mass (kg)
plus legs lean mass (kg) divided by height squared (m2).

Physical Performance Tests

Muscle performance measurements were performed as presented earlier in Bondarev et al. 2018 [36].
Briefly, hand grip force was assessed on the dominant arm in a sitting position with the elbow flexed
at 90◦ angle using an adjustable dynamometer chair (Good Strength, Metitur, Jyväskylä, Finland).
Participants were instructed to squeeze the handle as forcefully as possible and maintain the contraction
for 2–3 s. Maximal isometric knee extension force was measured in a sitting position, knee fixed in
60 degrees of flexion, on a custom-made dynamometer chair (Good Strength; Metitur Oy, Palokka,
Finland) from the side of the dominant hand. Participants were instructed to extend the knee towards
full extension to produce maximal force. In both the abovementioned tests, the trunk was stabilized
to exclude the compensation of other muscles. Lower body muscle power was assessed with a
countermovement jump performed on a custom-made contact mat. Flight time (t) was recorded and
vertical jumping height (cm) was calculated as (g × t2) / 8 × 100, where g is the acceleration of gravity
(9.81 m/s2) [37]. In all of the three aforementioned muscle force and power tests, three to five maximal
efforts were performed, and the highest value was recorded.

Walking speed was assessed via a 10-m walk in a laboratory corridor using photocells, with five
meters allowed for acceleration prior to measurement [38]. Participants performed two trials with the
fastest accepted as their final result. The 6-min walking test was performed on a 20-m indoor track
and the participants were instructed to walk as many laps as possible in 6 min. This test was used to
assess submaximal exercise tolerance and aerobic capacity [39]. The rest between the different physical
performance tests and between repetitions were separated by an approximately one-minute pause.
The same protocol was applied in every participant (i.e., the instructions for the second tests were
given in the similar way) resulting in approximately similar time between the tests in each participant.

Accelerometer-Measured PA

Accelerometer-measured PA was assessed using GT3X+ and wGT3X+ accelerometers (ActiGraph,
Pensacola, FL, USA) [40]. Participants were instructed to wear the accelerometer on their right hip
during waking hours (excluding activities in water) for seven consecutive days. Each participant was
personally individually instructed regarding the use of the accelerometer and was also provided with
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a diary accompanied with the instructions to record their wake-up time, working hours, and periods
when the accelerometer was removed for over 30 min. Raw acceleration data were collected at 60 Hz
and consequently filtered and converted into 60 s epoch counts. Further data analysis was conducted
with Excel-based customised program. Tri-axial vector magnitude cut-off -points of moderate and
vigorous physical activity were >2690 to ≤6166 cpm and >6166 cpm, respectively [40,41]. The mean
times spent in moderate and vigorous activity per day were summed to obtain the total mean time
spent in moderate-to-vigorous physical activity (MVPA) per day. The mean daily step count was
also documented.

Self-Reported PA

Self-reported PA was inquired using a series of modified structured questions [33,42]. Recently,
this tool has been compared with accelerometer-based data in this same cohort and has found to
demonstrate similar association between accelerometer-measured PA compared to other widely used
self-reported PA questionnaires [43]. Participants were asked about their leisure physical activity,
including monthly frequency, mean duration, and mean intensity of PA sessions; and PA during the
journey to and from work. Volume of activity was calculated using an activity metabolic equivalent
(MET) index by assigning a multiple of resting metabolic rate (MET score) to each activity and
calculating the product of intensity × duration × frequency of activity [42].

The following MET values were used (work metabolic rate divided by resting metabolic rate):
4 (for exercise intensity corresponding to walking and for physical activity during the work journey),
6 (vigorous walking to jogging), 10 (jogging), and 13 (running) [44]. The activity MET index was
expressed as the score of leisure MET hours per day and has been validated by Waller et al. [45].

Background Variables

Participants reported their level of education by choosing from eight answer options of primary
school to doctoral level. Participants were classified into two groups based on their answers: those with
bachelor level or higher education and those with education lower than bachelor level.

Participants also reported their number of live births, if they had ever used oral contraceptive pills
and in what year they had started and finished using them. Participants also reported use of hormonal
contraceptives (HC) during the preceding 10 years.

The menopausal status determination procedure followed the Stages of Reproductive Aging
Workshop +10 guidelines [46]. Participants kept a menstrual diary for 6–12 months for menstrual cycle
assessment. Serum samples to measure FSH concentrations were obtained during menstrual days
1–5 for all women who had detectable menstrual bleeding at the onset of study. For participants who
had undergone hysterectomy or were using progesterone-containing contraceptives, the menopausal
group assignment was based solely on the FSH level, but with stricter cut-off values than used for
participants with natural menstrual bleeding [33].

Participants were also asked if they have had one or more fractures in their wrist or forearm, tibia,
femur, or at some other location. Participants were also questioned if they had some musculoskeletal
disorders or symptoms. Additionally, participants were asked to report if they had ever had a diagnosis
of anorexia nervosa and in which year the diagnosis was given.

2.3. Statistical Analysis

All the continuous variables were tested for normality prior to statistical analysis. Continuous
variables are presented as means and 95% confidence intervals, and categorical variables as frequencies
and percentages. Differences between groups were investigated using one-way analysis of variance
(ANOVA) with Bonferroni post hoc pairwise comparisons or Kruskal-Wallis rank sum test with
subsequent pairwise comparisons for continuous variables, and Pearson’s chi-square for categorical
variables. Analysis of covariance (ANCOVA) was used to adjust for potential confounding factors
(self-reported leisure-time PA in adolescence and in midlife, age, AAM, menopausal status, number of
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parities, education, and HC use during the 10 preceding years). As we assumed that BMD in
postmenopausal women regardless of AAM may be lower than in women within the other menopausal
status groups, and therefore potentially skew results or cloud an association between AAM and BMD,
we investigated the association between AAM and BMD also in pre-, early perimenopausal, and late
perimenopausal women only. Statistical analyses were conducted using IBM SPSS Statistics version 24
(Armonk, NY, USA). The significance level was set at <0.05, two-tailed.

3. Results

3.1. PA Participation from Childhood to Midlife

The most common sport disciplines (during 1970s and 1980s) in the competitive sport group
were track and field (28.7%), volleyball (20.6%), cross-country skiing (18.4%), running (16.9%),
Finnish baseball (7.4%), and gymnastics (7.4%). Most of the participants who engaged in competitive
sport at age 13–16 reported having competed in two or more sport disciplines (n = 98, 72.1%).

For each age stage, PA level was compared to the individual’s PA level at age 13–16 years
(i.e., adolescence). At every age stage except the latest (i.e., age 40–50 years), those who engaged
in competitive sport at age 13–16 years formed the larger proportion of those in competitive sport
compared to those that reported regular PA or no exercise at age 13–16 years (p for all <0.001).
Conversely, those who engaged in competitive sport at age 13–16 years formed the smaller proportion
of those with no exercise at all at other age stages except the latest compared to those that reported
regular PA or no exercise at age 13–16 years (p for all <0.001). There was no difference in the PA level
groups between ages 13–16 and 40–50 (p = 0.272) (Table 1). The proportion of the participants engaged
in competitive sport was highest at age 13–16 and gradually decreased thenceforth. Furthermore,
the proportion of those reporting regular PA increased at each age stage after the age of 13–16 (Figure S1).
The correlation coefficients between PA level at age 13–16 and PA level at ages 7–12, 17–19, 20–29,
30–39, and 40–50 were 0.54, 0.60, 0.29, 0.19 (p < 0.001 for all), and −0.02 (p = 0.463), respectively.

Table 1. Proportion (n) of participants of different physical activity (PA) level at each age stages
according to the PA level at the age of 13–16.

Competitive Sport (CS) Regular PA (RPA) No Exercise (NE)

at Age 13–16 (n = 136) at Age 13–16 (n = 689) at Age 13–16 (n = 163)

Age CS RPA NE CS RPA NE CS RPA NE

7–12 50.7%
(69)

45.6%
(62)

3.7%
(5)

5.8%
(40)

85.5%
(589)

8.7%
(60)

3.7%
(6)

36.8%
(60)

59.5%
(97)

17–19 48.5%
(66)

47.1%
(64)

4.4%
(6)

2.0%
(14)

88.0%
(606)

10.0%
(69)

1.8%
(3)

29.4%
(48)

68.7%
(112)

20–29 22.8%
(31)

70.6%
(96)

6.6%
(9)

2.0%
(14)

87.2%
(601)

10.7%
(74)

2.5%
(4)

65.6%
(107)

31.9%
(52)

30–39 8.8%
(12)

85.3%
(116)

5.9%
(8)

1.6%
(11)

89.3%
(615)

9.1%
(63)

0.6%
(1)

76.7%
(125)

22.7%
(37)

40–50 1.5%
(2)

91.2%
(124)

7.4%
(10)

1.2%
(8)

94.0%
(647)

4.9%
(34)

0.6%
(1)

95.1%
(155)

4.3%
(7)

3.2. Midlife Characteristics According to Adolescence PA

Those who were engaged in competitive sport at age 13–16 were slightly younger and had used
HC more often during the preceding 10 years than participants in the other two groups. Participants
in the competitive sport group also had a higher education level in midlife and later AAM than
participants with no exercise (Table 2).
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Table 2. Midlife characteristics of participants according to physical activity (PA) level at the age of 13–16.

Variable n Competitive Sport n Regular PA n No Exercise p-Value
Model 1:

p-Value a,b
Model 2:

p-Value c,d

Background variables
Age (y) 136 50.9 (50.5–51.2) R,N 689 51.4 (51.3–51.6) 163 51.6 (51.3–51.9) 0.005 e

Age at menarche (y) 134 677 162 0.010

≤12 35.1% (47) N 35.2% (238) N 38.9% (63)
13 30.6% (41) 34.3% (232) 43.2% (70)
≥14 34.3% (46) 30.6% (207) 17.9% (29)

Bachelor or higher education 136 48.5% (66) N 689 41.5% (286) 163 34.4% (56) 0.045

Number of parities 136 2.0 (1.8–2.1) 687 2.1 (2.0–2.2) N 163 1.9 (1.7–2.1) 0.017 f

Used OCP at some point of life 136 6.6% (9) 689 9.9% (68) 163 11.0% (18) 0.399
Used HC during the preceding

10 years 136 62.5% (85) R,N 689 50.8% (350) 163 49.1% (80) 0.031

Menopausal status 136 689 161 0.893
PRE 30.1% (41) 27.4% (189) 24.5% (40)
EPM 19.1% (26) 18.6% (128 19.0% (31)
LPM LPM 21.3% (29) 19.3% (133) 20.9% (34)
POST POST 29.4% (40) 34.7% (239) 35.6% (58)

Body composition
Height (cm) 113 166.4 (165.4–167.4) 609 165.6 (165.1–166.0) 146 164.7 (163.8–165.7) 0.074 e 0.188 a 0.257 c

Weight (m) 113 70.3 (68.3–72.3) 609 70.3 (69.4–71.2) 146 68.5 (66.8–70.1) 0.182 e 0.046 a 0.038 c

BMI (kg/m2) 113 25.4 (24.7–26.1) 609 25.6 (25.3–25.9) 146 25.2 (24.7–25.8) 0.431 e 0.151 a 0.124 c

Total fat mass (kg) 101 24.0 (22.4–25.5) 584 25.5 (24.8–26.2) 138 24.4 (23.1–25.7) 0.141 e 0.041 a 0.037 c

Fat percentage (%) 101 33.3 (31.8–34.7) R 584 35.4 (34.8–36.0) 138 35.0 (33.8–36.2) 0.028 e 0.022 a 0.026 c

Fat mass index (kg/m2) 101 8.7 (8.1–9.3) 584 9.3 (9.0–9.5) 138 9.0 (8.5–9.7) 0.143 e 0.065 a 0.062 c

Total lean mass (kg) 101 43.7 (42.8–44.6) R,N 584 42.1 (41.7–42.4) 138 41.4 (40.7–42.1) <0.001 e 0.001 a 0.001 c

Lean mass index (kg/m2) 101 15.8 (15.5–16.0) R,N 584 15.3 (15.2–15.4) 138 15.2 (15.0–15.5) 0.002 e 0.002 a 0.001 c

ALMI (kg/m2) 101 6.9 (6.7–7.0) R,N 584 6.6 (6.6–6.7) 138 6.6 (6.5–6.7) <0.001 e 0.001 a 0.001 c
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Table 2. Cont.

Variable n Competitive Sport n Regular PA n No Exercise p-Value
Model 1:

p-Value a,b
Model 2:

p-Value c,d

BMD
FN BMD (g/cm2) 101 1.00 (0.98–1.03) R,N 584 0.96 (0.95–0.97) 138 0.95 (0.93–0.97) <0.001 e 0.001 a 0.002 c

FN T score < −1 101 14.9% (15) R,N 584 25.7% (150) 138 28.3% (39) 0.039

FN T score ≤ −2.5 101 0.0% (0) 584 0.9% (5) 138 0.7% (1) 1.000
Physical performance
Hand grip force (N) 106 333.5 (322.6–344.4) R,N 590 313.5 (308.7–318.4) 142 305.5 (296.4–314.5) 0.001 e 0.002 a 0.002 c

Knee extension force (N) 92 509.1 (488.4–529.8) R,N 508 460.6 (452.7–468.4) 118 442.3 (425.6–458.9) <0.001 e <0.001 a <0.001 c

Jumping height (cm) 101 21.3 (20.5–22.1) R,N 547 19.0 (18.6–19.3) 136 18.7 (18.0–19.4) <0.001 e <0.001 a <0.001 c

Walking speed (m/s) 106 2.9 (2.8–3.0) R,N 591 2.6 (2.6–2.7) 140 2.6 (2.5–2.6) <0.001 e <0.001 a <0.001 c

Walking distance in 6 min (m) 95 696.7 (684.8–708.5) R,N 543 667.5 (662.3–672.7) 131 660.7 (651.1–670.2) <0.001 e <0.001 a 0.001 c

Self-reported PA
Leisure-time PA (MET-h/d) 136 4.9 (4.2–5.6) R,N 689 4.2 (3.9–4.4) 163 3.6 (3.2–4.0) <0.001 f 0.008 b 0.007 d

Accelerometer-measured PA
Leisure-time MVPA (min/d) 88 47.6 (41.6–53.6) 516 43.1 (41.1–45.2) 126 40.7 (36.6–44.7) 0.166 f 0.178 b 0.271 d

Leisure-time step count (steps/d) 88 7277 (6676–7878) 516 6843 (6601–7084) 126 6763 (6334–7192) 0.339 e 0.302 b 0.384 d

Total MVPA (min/d) 88 54.3 (47.7–60.7) 516 50.3 (48.0–52.5) 126 46.7 (42.6–50.8) 0.188 f 0.220 b 0.312 d

Total step count (steps/d) 88 8903 (8291–9515) 516 8698 (8450–8947) 126 8510 (8087–8933) 0.646 f 0.743 b 0.761 d

Values are presented as means (95% confidence intervals) or percentages (counts). R and N indicate significant difference (p < 0.05) from regular PA and no exercise groups,
respectively. OCP = oral contraceptive pills; HC = hormonal contraceptive; PRE = premenopausal; EPM = early perimenopausal; LPM = late perimenopausal; POST = postmenopausal;
BMI = body mass index; ALMI = appendicular lean mass index; FN = femoral neck; BMD = bone mineral density; MET =metabolic equivalent; MVPA =moderate-to-vigorous physical
activity. a Adjusted for self-reported leisure-time PA in midlife, age, menarcheal age, and menopausal status. b Adjusted for age, menarcheal age, and menopausal status. c Adjusted for
self-reported leisure-time PA in midlife, age, menarcheal age, menopausal status, number of parities, education, and hormonal contraceptive use during the 10 preceding years. d Adjusted
for age, menarcheal age, menopausal status, number of parities, education, and hormonal contraceptive use during the 10 preceding years. e ANOVA. f Kruskal-Wallis test. Sample sizes
for both adjusted models were 111, 598, and 149 for competitive sport, regular PA, and no exercise groups, respectively, in height, weight, and BMI. Corresponding sample sizes for body
composition measurements and BMD were 99, 573, and 137, for physical performance measurements they were 104, 579, and 141 (hand grip force), 90, 500, and 118 (knee extension force),
99, 538, and 135 (jumping height), 104, 580, and 139 (walking speed), 93, 534, and 131 (walking distance in 6 min), and for physical activity measurements they were 134, 677, and 162
(self-reported PA) and 86, 510, and 125 (accelerometer measured PA). Statistically significant p-values are indicated in bold.
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Participants in the competitive sport group had more lean mass, higher lean mass index,
ALMI, and BMD than those with no exercise or regular PA. They also performed better in all
physical performance tests than participants in the other two groups. Self-reported PA at midlife
was higher in the competitive sport group than in the other groups but no difference was found in
accelerometer-measured PA between the groups. Differences in total lean mass, lean mass index,
ALMI, BMD, physical performance, and self-reported leisure-time PA between the competitive sport
group and the other groups remained after adjustment for potential confounding factors (Table 2).
Participants who did not respond to the question regarding PA at age 13–16 (11.1% of the whole sample,
n = 110) were similar to those who completed all variables except in hand grip force (non-responders
297.9 N vs. responders 314.7 N, p = 0.018) and in menopausal status (proportions of premenopausal,
early perimenopausal, late perimenopausal, and postmenopausal among non-responders 30.9%, 11.8%,
11.8%, and 45.5%, respectively and among responders 27.3%, 18.7%, 19.8%, and 34.1%, respectively,
p = 0.018).

3.3. AAM and Midlife Characteristics

AAM among participants ranged between 9 and 19 years (Table S1) with mean age 12.95 years
(95% CI 12.9–13.0). The most common menarcheal ages were 13 (34.9%), 12 (24.1%), and 14 years
(17.8%). 102 (9.3%) of the participants reported that they had used OCP at some point of their life with
starting age between 16–54 years. No participants reported starting OCP use before menarche and 15
of the OCP users did not provide starting year.

The group that reported AAM ≥ 14 years included the smallest portion of participants with no
exercise and the greatest portion of participants with regular PA and competitive sport at age 13–16.
There was a significant linear downward trend in weight, BMI, total fat mass, fat percentage, and fat
mass index across the AAM groups, all of which decreased as AAM increased. All pairwise comparisons
were statistically significant except for fat percentage between the group reporting AAM ≤ 12 years
and the group reporting AAM = 13 years. BMD was higher in the group reporting AAM ≤ 12 years
compared to the group reporting AAM ≥ 14 years and differences in physical performance were found
in jump height, with the group of AAM ≥ 14 years jumping higher than the group of AAM ≤ 12
years. Participants in the group reporting AAM ≥ 14 years took more steps than those in the other
groups, but no other differences in PA between the groups were found. The differences in weight, BMI,
fat mass, fat mass index, ALMI, jump height, and leisure-time step count persisted when adjusted for
confounding factors (Table 3). Exclusion of postmenopausal women from this analysis demonstrated
an inverse association between AAM and BMD even when adjusted for PA level at age of 13–16,
self-reported leisure-time PA at midlife, age, and menopausal status (p = 0.040). The inverse association
was found also after further adding number of parities, education, and hormonal contraceptive use
during the 10 preceding years as covariates in the model (p = 0.041).

16.2% (n = 178) of the participants reported that they have had at least one fracture during their
life, while 37.6% (n = 413) reported having current musculoskeletal disorder/symptom. Six participants
(0.5%) reported that they have received a diagnosis of anorexia nervosa, while one participant did not
answer this question. Age at the time of the diagnosis varied between 13 and 39 (mean 21.5, 95% CI
10.5–32.5) and two participants had received the diagnosis before AAM. No differences were found in
the amount of lifetime fractures and anorexia nervosa prevalence, or current musculoskeletal problems
between the different PA level in adolescence (Table S2) or AAM groups (Table S3). The participants
who did not respond to the question regarding AAM (1.5%, n = 17) were similar to those who did in
terms of all the outcome variables.
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Table 3. Midlife characteristics of the participants according to different menarcheal age.

Variable n AAM ≤ 12 n AAM = 13 n AAM ≥ 14 p-Value
Model 1:

p-Value a,b
Model 2:

p-Value c,d

Background variables
Age (y) 391 51.3 (51.1–51.5) 377 51.4 (51.2–51.6) 313 51.4 (51.2–51.6) 0.465 e

Bachelor or higher education (%) 391 41.2% (161) 377 41.9% (158) 313 40.9% (128) 0.961
Number of parities 391 2.0 (1.9–2.2) 377 2.0 (1.9–2.1) 313 2.0 (1.9–2.2) 0.937 f

Used OCP at some point of life 391 7.9% (31) H 377 7.7% (29) H 313 13.1% (41) 0.025

Used HC during the preceding
10 years 391 54.2% (212) 377 48.0% (181) 313 53.7% (168) 0.172

Menopausal status 390 377 313 0.373
PRE 24.8% (97) 29.7% (112) 29.4% (92)
EPM 20.2% (79) 17.2% (65) 16.3% (51)
LPM 21.7% (85) 17.2% (65) 18.2% (57)
POST 33.2% (130) 35.8% (135) 36.1% (113)

PA at age 13–16 346 343 281 0.014

CS 13.5% (47) H 12.0% (41) H 16.4% (46)
RPA 68.6% (238) 67.9% (233) 73.3% (206)
NE 17.9% (62) 20.1% (69) 10.3% (29)

Body composition
Height (cm) 335 165.3 (164.7–165.9) 341 165.3 (164.7–166.0) 266 166.3 (165.6–166.9) 0.073 e 0.122 a 0.135 c

Weight (m) 335 71.7 (70.5–72.8) M,H 341 69.6 (68.4–70.7) 266 68.0 (66.8–69.3) <0.001 e <0.001 a <0.001 c

BMI (kg/m2) 335 26.2 (25.8–26.6) M,H 341 25.4 (25.0–25.8) H 266 24.6 (24.2–25.0) <0.001 e <0.001 a <0.001 c

Total fat mass (kg) 315 26.6 (25.7–27.5) M,H 319 24.9 (24.0–25.9) H 247 23.1 (22.0–24.2) <0.001 e <0.001 a <0.001 c

Fat percentage (%) 315 36.4 (35.6–37.1) H 319 35.1 (34.3–35.9) H 247 33.1 (32.1–34.0) <0.001 e <0.001 a <0.001 c

Fat mass index (kg/m2) 315 9.7 (9.4–10.1) M,H 319 9.1 (8.8–9.4) H 247 8.4 (8.0–8.8) <0.001 e <0.001 a <0.001 c

Total lean mass (kg) 315 42.3 (41.8–42.8) 319 41.8 (41.4–42.3) 247 42.3 (41.8–42.9) 0.105 e 0.099 a 0.195 c

Lean mass index (kg/m2) 315 15.5 (15.4–15.6) 319 15.3 (15.2–15.5) 247 15.3 (115.2–15.5) 0.135 e 0.032 a 0.047 c

ALMI (kg/m2) 315 6.7 (6.6–6.7) 319 6.6 (6.5–6.7) 247 6.6 (6.5–6.7) 0.237 e 0.075 a 0.124 c

BMD
FN BMD (g/cm2) 315 0.97 (0.96–0.98) H 319 0.96 (0.95–0.97) 247 0.94 (0.93–0.96) 0.034 e 0.056 a 0.056 c

FN T score < −1 315 24.2% (76) 319 23.5% (75) 247 29.6% (73) 0.214
FN T score ≤ −2.5 315 0.3% (1) 319 1.3% (4) 247 0.8% (2) 0.404

Physical performance
Hand grip force (N) 321 314.0 (307.2–320.8) 324 315.0 (308.6–321.5) 254 311.0 (304.0–318.1) 0.715 e 0.279 a 0.195 c

Knee extension force (N) 282 468.8 (457.7–480.0) 271 457.8 (447.1–468.5) 230 459.7 (446.6–472.7) 0.344 e 0.419 a 0.442 c

Jumping height (cm) 300 18.7 (18.3–19.2) H 302 19.2 (18.7–19.7) 243 19.8 (19.2–20.4) 0.013 e 0.019 a 0.013 c

Walking speed (m/s) 319 2.6 (2.6–2.7) 324 2.7 (2.6–2.7) 255 2.7 (2.6–2.7) 0.443 e 0.508 a 0.507 c

Walking distance in 6 min (m) 300 665.5 (658.5–672.5) 293 669.8 (663.2–676.3) 240 674.1 (666.0–682.1) 0.259 e 0.155 a 0.093 c
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Table 3. Cont.

Variable n AAM ≤ 12 n AAM = 13 n AAM ≥ 14 p-Value
Model 1:

p-Value a,b
Model 2:

p-Value c,d

Self-reported PA
Leisure time PA (MET-h/d) 391 4.4 (4.0–4.8) 377 4.0 (3.6–4.3) 313 4.2 (3.8–4.5) 0.l78 f 0.288 b 0.285 d

Accelerometer-measured PA
Leisure-time MVPA (min/d) 282 42.4 (39.6–45.2) 277 41.0 (38.4–43.6) 225 46.9 (43.4–50.4) 0.054 f 0.053 b 0.036 d

Leisure-time step count (steps/d) 282 6812 (6495–7128) H 277 6586 (6282–6892) H 225 7365 (6986–7744) 0.005 f 0.025 b 0.018 d

Total MVPA (min/d) 282 48.6 (45.6–51.6) 277 48.3 (45.6–51.1) 225 53.6 (49.8–57.5) 0.117 f 0.117 b 0.093 d

Total step count (steps/d) 282 8541 (8214–8868) H 277 8492 (8179–8804) H 225 9066 (8677–9455) 0.030 f 0.166 b 0.169 d

Values are presented as means (95% confidence intervals) or percentages (counts). M and H indicate significant difference (p < 0.05) from the middle and the latest menarcheal
group, respectively. AAM = age at menarche; PRE = premenopausal; EPM = early perimenopausal; LPM = late perimenopausal; POST = postmenopausal; PA = physical activity;
NE = no exercise; RPA = regular physical activity; CS = competitive sport; BMI = body mass index; ALMI = appendicular lean mass index; FN = femoral neck; BMD = bone mineral density;
MET =metabolic equivalent; MVPA =moderate-to-vigorous physical activity. a Adjusted for PA level at age of 13–16, self-reported leisure-time PA in midlife, age, and menopausal status.
b Adjusted for PA level at age 13–16, age, and menopausal status. c Adjusted for PA level at ages 13–16, self-reported leisure-time PA in midlife, age, menopausal status, number of parities,
education, and hormonal contraceptive use during the 10 preceding years. d Adjusted for PA level at age 13–16, age, menopausal status, number of parities, education, and hormonal
contraceptive use during the 10 preceding years. e ANOVA. f Kruskal-Wallis test. Sample sizes for both adjusted models were 299, 312, and 243 for groups reporting AAM ≤ 12 years,
= 13 years, and ≥ 14 years, respectively, in height, weight, and BMI. Corresponding sample sizes for body composition measurements and BMD were 286, 295, and 228, for physical
performance measurements they were 291, 299, and 234 (hand grip force), 252, 246, and 210 (knee extension force), 271, 278, and 223 (jumping height), 289, 299, and 235 (walking speed),
270, 268, and 220 (walking distance in 6 min), and for physical activity measurements they were 348, 343, and 282 (self-reported PA) and 257, 254, and 210 (accelerometer-measured PA).
Statistically significant p-values are indicated in bold.
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4. Discussion

This is the first study to describe midlife body composition, BMD, physical performance, and PA
according to PA in adolescence and AAM in middle-aged women. We found that those who had been
engaged in competitive sport at age 13–16 had more lean mass, higher BMD in the femoral neck,
and better physical fitness in midlife than participants with regular PA or no exercise, even when
adjusted for potential confounding factors. Participants in the competitive sport group had later
AAM than those with no exercise in adolescence. Furthermore, participants with later AAM had
lower BMI and less fat mass than those with earlier AAM, and BMD was lower in the group with
AAM ≥ 14 compared to those with AAM ≤ 12. These associations persisted when adjusted for potential
confounding factors, except for the difference in BMD. However, when postmenopausal participants
were excluded from this analysis, an inverse relationship between AAM and BMD was found regardless
of the confounding factors.

4.1. PA Participation from Childhood to Midlife

We observed declining correlation coefficients between PA level at age 13–16 and PA level at other
age stages with advancing age, which is consistent with a meta-analysis conducted by Craigie et al. [11]
who found that the strength of tracking of PA declined when the duration of the follow-up increased.
In our study, participation in competitive sport in adolescence was associated with higher self-reported
leisure-time PA in middle-age, which is in line with an earlier study showing that participation in
competitive sport in adolescence predicts maintenance of a high PA level in old age [34]. However,
we found no association between PA in adolescence and accelerometer-measured PA in midlife.
We may, however, have lacked sufficient power to detect these differences as the sample sizes were
smaller in accelerometer-measured compared to self-reported PA.

4.2. Association between PA in Adolescence and AAM

Previous studies have stated that adolescent athletes tend to attain menarche later than their less
physically active counterparts [28,29], and similarly in the present study, participants in the competitive
sport group and regular PA group had later AAM compared to the no exercise group. Studies have
shown that although AAM is largely modified by genes [47–49], it is influenced by environmental
factors, including PA [50]. However, since evidence regarding an association between PA before
menarche and later AAM is limited [28], it is not known if there is a causal relationship between
these variables, if selection bias was present or if other behavioural differences between athletes and
non-athletes explain the reported association [27,28].

4.3. Competitive Sport in Adolescence and Midlife Characteristics

We found no difference in fat mass between the adolescent PA groups, in contrast lower fat mass
in former gymnasts, runners, and swimmers compared to controls in midlife has been reported [7,9].
The inconsistency between the studies may be due to different study population, with aesthetic and
endurance athletes tending to have lower BMI than athletes in other sport disciplines [27], with our
study representing a variety of sporting disciplines. Furthermore, our finding concerning higher
midlife lean mass in participants in the competitive sports group is in agreement with one [7] but in
contrast to another [9] study.

Consistent with some [7,9] but not all studies [51], we found that there was an association between
competitive sport in adolescence and higher BMD in midlife. In our study, this association persisted
after adjusting for potential confounding factors. This is contrary to the findings of Nilsson et al. [52],
who reported that among women aged 75–80 years PA at age 10–30 was positively associated with
BMD, but this association was not seen when adjusted for current PA. Therefore, in older women,
current PA might be more strongly associated with BMD than PA in adolescence [53]. Further, and again
in contrast to our findings, these authors found no association between PA at age 10–30 and current
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hand grip strength among women aged 75–80 [52]. These inconsistencies may be due to the fact that
participants in our study were younger and PA history was studied in narrower age-range than in the
study conducted by Nilsson and colleagues.

While it has been found that the risk of osteoarthritis of the hip and knee is greater in former female
athletes compared to the general population [54] and that former athletes have higher risk of knee
problems and higher rates of Achilles tendon problems in later life compared to controls [55], we did
not find an association between sport participation in adolescence and musculoskeletal problems in
middle age. As we did not ask participants what kind of musculoskeletal problems they had, it is
possible that in our study, specific types of problems were more common in different groups.

In contrast to our findings, Tveit et al. found that a risk of fracture was lower among former male
athletes than among controls [56]. However, we did not differentiate fractures occurred during the
sport career from those occurred after retirement from sport. In addition to the fact that participants
in the study conducted by Tveit et al. [56] were males, they were also older than those in our study.
The incidence of fractures has been reported to be higher among older women compared to our study
population [57,58] and thus, fracture rates among women in our study were relatively low.

Due to low number of anorexia nervosa cases in our study, no conclusion in terms of possible
association between anorexia and PA in adolescence can be made. Other studies have suggested that
eating disorders in general are more common in athletes than in non-athletes [59,60]. The lifetime
prevalence of anorexia nervosa in our study was lower than recently found among middle aged women
living in UK [61], young adult women living in Finland [62], and also slightly lower than in women
living in U.S. [63]. Incidence of eating disorders are highest in adolescence and in young adulthood [64],
and our participants were at that age in 1970s and 1980s. It has been reported that anorexia nervosa
has become more common since that time [65], which may explain the differences between the results
of abovementioned studies and our findings. However, it is suggested that the increased prevalence
rates may be due to increased detection of anorexia nervosa rather than true increase of incidence
rates [65]. Thus, there might have been some undiagnosed anorexia nervosa cases among our study
population as well. Furthermore, in our study, diagnosis of anorexia nervosa was self-reported and
asked by a single question, which may further underestimate the actual prevalence rate.

4.4. AAM and Midlife Characteristics

In line with previous observational evidence [31,32,66–73], our results show that AAM is inversely
associated with BMI, fat mass, and fat percentage in middle-age. The inverse relationship between AAM
and BMI in adulthood was also recently supported by Mendelian randomisation studies [48,74,75].
Fewer studies have investigated the association between AAM and midlife lean mass. Similar to our
finding, Kirchengast et al. [66] did not find an association between AAM and lean mass either in pre-
or postmenopausal women.

The observed inverse relationship between AAM and midlife BMD in the current study is
consistent with findings of some studies conducted in women with a mean age over 40 years [21,76]
and also in postmenopausal women only [22,24,77]. However, not all studies have found this
association [78–84] and also in our study, the relationship was abolished after adjusting models
for potential confounding factors. While shared genetic factors have shown to influence both AAM
and BMD [76,85,86], postmenopausal bone loss may interfere with this relationship; the association
between early menarche and higher BMD may be stronger in premenopausal than in postmenopausal
women [85]. Our finding showing a relationship, regardless of confounding factors but excluding
postmenopausal women, between AAM and midlife femoral neck BMD in pre- and perimenopausal
supports this hypothesis. However, higher body mass is known to associate with higher BMD [87,88],
which also may affect the associations between AAM and BMD that were found in our study. Therefore,
further studies are needed to clarify the effects of AAM on midlife BMD. In our study population,
there were few participants with extremely late AAM (e.g., >16 years) and thus, there was no statistical
power to compare that group with earlier AAM. Thus, more research is needed to investigate if there is
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even greater difference in midlife BMD between former athletes with the current criterion of primary
amenorrhea (i.e., menarche occurred at the age of 15 or older) and those with AAM < 15 years.

In contrast to our findings, late AAM has been linked to increased fracture risk in later life [26,89–92].
A possible explanation for the controversy between earlier studies compared to ours may be that in our
study participants were younger than those in the studies demonstrating this association. Furthermore,
again in contrast to our findings, it has been suggested that early menarche is associated with chronic
widespread musculoskeletal complaints in later life [93]. No conclusion regarding the association
between anorexia nervosa and AAM can be made based on the current study due to only few anorexia
nervosa cases in our study population. However, in several other studies anorexia nervosa has been
linked to later menarche [94].

4.5. Limitations

We acknowledge some limitations. PA level in adolescence and AAM were self-reported
retrospectively and thus susceptible to response or recall bias. It is reasonable to assume that those who
had been competitive athletes in their adolescence did not have difficulties in assigning themselves in
an accurate PA category. However, differentiation between no exercise and regular PA may have been
overlapping with the possibility that participants had different perceptions for PA. In addition, it has
been reported that long-term recall of AAM is fairly valid [95–98] and that the accuracy of recall is
increased when AAM is categorised into groups [98]. We did not ask the precise month the participant
attained menarche, which may have caused some inaccuracy; however, few middle-aged women are
able to recall the precise month they started to menstruate [96,97]. Furthermore, the study design does
not enable causal interpretations. Although we adjusted our analysis for potential confounding factors,
residual confounding cannot be completely ruled out. It is possible that other factors, such as genetic
or different lifestyle habits, affected the observed associations.

No information on menstrual history, such as history of menstrual dysfunction, was collected
and thus, we do not know if the participants have had regular menses after menarche. On the other
hand, recall of menstrual regularity is less accurate than recall of AAM in women near menopause [95].
In addition, we did not collect information on training volume in adolescence and thus, cannot be
sure if the participants engaged in competitive sport in adolescence actually differed from those
who exercised regularly in terms of training volume and intensity. Furthermore, our study sample
consisted of Caucasian relatively healthy individuals with no health conditions jeopardizing physical
or mental conditioning, which can limit the generalisability of the results. Finally, the sample size
did not allow us to investigate interaction affects between AAM and sport participation on BMD and
body composition. However, it is possible that such interactions exist. Thus, based on our results,
we cannot say if, for example, individuals who participated in competitive sport during adolescence
but had an AAM ≤ 12 years have better midlife BMD than those in a competitive sport group with an
AAM ≥ 14 years.

It is also important to bear in mind that our participants engaged in competitive sport in their
adolescence, approximately 40 years ago. Since then, sport specialisation at early age has increased
globally [99] and participation in organised sport club has become more frequent in Finnish girls [100].
Early sport specialisation can lead to physical and mental harm as it has been linked to reduced motor
skill development, increased injury rates, sport dropout, burnout, eating disorders, and menstrual
dysfunction [99,101–103]. Thus, generalisability of our results to those who are currently engaged in
competitive sport should be done with caution.

5. Conclusions

This large, retrospective study suggests that participation in competitive sport at age 13–16 is
associated with higher midlife lean mass and femoral neck BMD, and better physical performance
compared to regular PA or no exercise during adolescence. In addition, we found that competitive
sport at age 13–16 was associated with later menarche compared to no exercise at that age. The current
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study also showed that AAM was negatively associated with midlife BMI and fat mass regardless
of confounding factors in all participants, and with femoral neck BMD in pre- and perimenopausal
women. Thus, competitive sport in adolescence seems to be associated with healthier body composition,
higher BMD, and better performance in midlife, but late AAM might be associated with low BMD.
Further research is needed to investigate whether middle-aged or older individuals with primary
amenorrhea (i.e., AAM ≥ 15 years) differ from individual with AAM < 15 years especially in terms of
BMD or fractures. Furthermore, future studies should investigate what is the volume and intensity of
the exercise needed in adolescence with respect to positive outcomes in middle age seen in our study.
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Table S1. Age at menarche among participants (n = 1081). 

Table S2. Proportion (n) of the participants reporting fractures, musculoskeletal 
disorders/symptoms, and anorexia nervosa diagnosis according to physical activity (PA) level at the 
age of 13–16. 

n n n p

Data are presented as percentages (frequencies). 

Table S3. Proportion (n) of the participants reporting fractures, musculoskeletal 
disorders/symptoms, and anorexia nervosa diagnosis according to age at menarche (AAM) groups. 
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Data are presented as percentages (frequencies). a n = 390; b n = 376. 
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Abstract: The purpose of this study was to investigate the prevalence of self-reported restrictive
eating, current or past eating disorder, and menstrual dysfunction and their relationships with injuries.
Furthermore, we aimed to compare these prevalences and associations between younger (aged 15–24)
and older (aged 25–45) athletes, between elite and non-elite athletes, and between athletes competing
in lean and non-lean sports. Data were collected using a web-based questionnaire. Participants were
846 female athletes representing 67 different sports. Results showed that 25%, 18%, and 32% of the
athletes reported restrictive eating, eating disorders, and menstrual dysfunction, respectively. Higher
rates of lean sport athletes compared with non-lean sport athletes reported these symptoms, while no
differences were found between elite and non-elite athletes. Younger athletes reported higher rates
of menstrual dysfunction and lower lifetime prevalence of eating disorders. Both restrictive eating
(OR 1.41, 95% CI 1.02–1.94) and eating disorders (OR 1.89, 95% CI 1.31–2.73) were associated with
injuries, while menstrual dysfunction was associated with more missed participation days compared
with a regular menstrual cycle (OR 1.79, 95% CI 1.05–3.07). Our findings indicate that eating disorder
symptoms and menstrual dysfunction are common problems in athletes that should be managed
properly as they are linked to injuries and missed training/competition days.

Keywords: female athlete; eating disorder; disordered eating; menstrual irregularity; sports injury

1. Introduction

Athletes may feel pressure to alter their weight in order to improve performance or
subjective appearance, which can lead to dieting, restrictive and disordered eating, or even a
clinical eating disorder [1]. Indeed, attitudes toward eating and body image can be seen as a
continuum from energy balance and healthy body image to disordered eating, culminating
with a clinical eating disorder, such as anorexia nervosa or bulimia nervosa [2]. Disordered
eating is defined as abnormal eating behaviors, including, for example, restrictive eating,
fasting, skipping meals, and vomiting [3]. Clinical eating disorders and disordered eating,
especially restrictive eating, are often associated with low energy availability, which may
consequently result in suppression of the hypothalamus–pituitary–ovarian axis and further
lead to menstrual dysfunction [3].
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Disordered eating, eating disorders, and menstrual dysfunction are common among
female athletes [4–6]. For example, De Souza and colleagues [5] reported that the prevalence
of disordered eating in female collegiate and elite athletes varies from 6% to 42%, while
eating disorder prevalence among female athletes ranges from 2% to 33% [4]. Furthermore,
the prevalence of menstrual dysfunction in female athletes is reported to vary from 9% to
60% [6]. Meanwhile, the prevalence of disordered eating, eating disorders, and menstrual
dysfunction appears to depend on the type of sport, with athletes competing in sports
emphasizing leanness being at higher risk than non-lean sport athletes [3,7,8]. Relatively
few studies have, however, investigated if the level of sport participation is linked to
disordered eating or menstrual dysfunction prevalence among athletes. Existing evidence
suggests that elite athletes exhibit higher levels of eating disorder symptoms compared to
non-elite athletes or to physically active females that are not competing [9].

Participation in competitive sport is associated with multiple health benefits but also
with injury risk [10]. Injuries have been found to be more common in adolescent athletes
with disordered eating than among those with healthy attitudes toward body image and
eating [11–13]. For example, Thein-Nissenbaum et al. [12] reported that athletes with
disordered eating had an odds ratio (95% confidence interval) of 2.3 (1.4–4.0) for an injury
(overuse and traumatic injuries combined) compared to athletes with no disordered eating.
Furthermore, Scheid and Stefanik [11] found that athletes with a high drive for thinness
(i.e., disordered eating) had a 69% increase in the number of injuries compared with those
reporting a low drive for thinness. However, few studies have investigated the issue in
athletes above adolescent age. Recently, Ackerman et al. [14] found no relationship between
disordered eating and injury rate in 15–30 year old athletes (mean 18.9 years, SD ± 3.3),
although endurance athletes with disordered eating (assessed by questionnaires) trended
toward higher injury rates than endurance athletes without disordered eating.

Studies investigating menstrual dysfunction and musculoskeletal injuries in athletes
have produced conflicting results [12,15–20]. While Rauh et al. [17] found that athletes with
menstrual dysfunction had higher odds of injuries (OR 2.9, 95% CI 1.4–6.1) than eumenor-
rheic athletes, other studies have found no association between menstrual dysfunction and
injuries [12,15,16,19]. In some cases, menstrual dysfunction has even been associated with
fewer injuries, as von Rosen et al. [20] found that athletes with menstrual dysfunction had
fewer current injuries than those with a regular menstrual cycle (21.9% vs. 38%, p = 0.024).

To understand the role of the participation level, age, and type of sport on eating
problems and menstrual dysfunction, and to evaluate their relationships with injuries, the
aim of this study was twofold. First, we aimed to determine the prevalence of self-reported
(i) restrictive eating, (ii) current or past eating disorder, and (iii) menstrual dysfunction
in a group of female athletes, and to compare the prevalence of these issues in (i) elite
and non-elite athletes, (ii) younger and older athletes, and (iii) lean and non-lean sport
athletes. Secondly, our purpose was to investigate if there is a relationship of (i) restrictive
eating, (ii) current or past eating disorder, and/or (iii) menstrual dysfunction with injuries
in this group of athletes and to explore if these associations are different (i) in elite and
non-elite athletes, (ii) in younger and older athletes, or (iii) in athletes competing in lean
and non-lean sports.

2. Materials and Methods

2.1. Study Design

The current study was part of a larger cross-sectional survey-based study imple-
mented using an online questionnaire constructed with Webropol 3.0 Online Survey and
Reporting Tool (Webropol Oy 2020, Helsinki, Finland). The questionnaire gathered data
from six areas: (i) participant characteristics, (ii) low energy availability-related issues
(i.e., injuries, gastrointestinal function, and menstrual cycle) using the Low Energy Avail-
ability in Females Questionnaire (LEAF-Q) [21], (iii) disordered eating (including restrictive
eating) and eating disorders using the female athlete triad screening questionnaire [22],
(iv) menstrual cycle function and hormonal contraception, (v) athletes’ perception of the
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effects of menstrual cycle on performance, and (vi) communication around menstrual
cycle. This study primarily used data on disordered eating/eating disorders, menstrual
function, and injuries. The questionnaire was tested in a small group of athletes before
data collection, and only minor changes (i.e., changes in the order of the questions and a
few misspellings) were made on the basis of their feedback.

2.2. Recruitment Strategy and Participants

A link to the questionnaire was promoted by the Finnish Olympic Committee, national
sports federations, and sports academies, and it was also distributed via social media
(e.g., Twitter, Instagram). The survey was available between May 2020 and August 2020.

All female athletes at least 15 years of age were eligible for participation in the study, re-
gardless of the participation level. The questionnaire was offered only in Finnish. The study
was evaluated by the Ethical Committee of University of Jyväskylä. Before filling in the
questionnaire, participants were informed about the aims of the study and the content of
the questionnaire. They were informed that participation was voluntary and that they were
free to drop out or leave questions unanswered at any point. No personal identification
information was collected; however, participants were given the opportunity to provide
their email address in order to give permission for further contact by the research group.

Initially, 926 athletes filled in the questionnaire. Thirty-two questionnaires were ex-
cluded due to incomplete data (responders answered only questions concerning menstrual
function). For the purpose of the current study, all athletes over 45 years of age (n = 23)
or those who did not report their age (n = 9) were excluded in an attempt to include only
premenopausal women. In addition, those who did not provide information on their sports
discipline (n = 7) or participation level (n = 9) were excluded. The final sample size of the
current study was 846. Participants represented 67 different sports (Table S1).

2.3. Data Collection

Participants reported their participation level by choosing one of the following options:
recreational athlete, regional/district-level athlete, national-level athlete, or international-
level athlete. Recreational athletes and athletes competing at regional/district level were
assigned into the non-elite athletes group and those competing at national or international
level composed the elite athletes group.

Participants self-reported their year of birth, and their age was calculated as 2020
minus the year of birth. Participants were classified as younger (15–24 years old) and older
athletes (25–45 years old).

Participants reported their main sports and were categorized into lean sport athletes
and non-lean sport athletes. Lean sport athletes competed in sports where leanness or
weight are considered important (endurance, aesthetic, weight class, and antigravitation
sports) and non-lean sport athletes in sports where these factors are not considered to
have a great impact on performance (ball games, as well as technical and power sports) [8].
For details of this sports type classification, see Table S1.

Participants’ BMI was calculated from reported height and weight. In addition,
participants reported their training volume as training hours in the preceding year.

Questions from the female athlete triad screening questionnaire (Mountjoy et al., 2015)
were utilized when assessing restrictive eating and eating disorders. Participants were
assigned into the restrictive eating group if they answered “yes” to the following question:
“Do you limit or carefully control the foods that you eat?” They were classified into the
eating disorder group if they answered “yes” to the following question: “Do you currently
or have you ever suffered from an eating disorder?”

Questions from the LEAF-Q [21], as well as questions designed by our own research
group, were utilized as means to assess menstrual function and hormonal contraceptive
use. A participant was classified into the menstrual dysfunction group if her menstrual
cycle was >35 days, she had not had periods in the preceding three months, she had
had <9 periods in the preceding year, she had not yet reached menarche despite being
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≥15 years old (primary amenorrhea) [3,23], or she reported using hormonal contraceptives
because otherwise menstruation stops [24]. Participants using some form of hormonal
contraceptives (oral contraceptives, implants, injections, transdermal patches, vaginal rings,
or intrauterine systems) for any other reason (contraception, reduction in menstruation
pains, reduction in bleeding, to regulate the menstrual cycle in relation to performance,
etc.) were excluded from the analysis regarding menstrual dysfunction (n = 344).

Regarding injuries, participants were asked if they had had absences from training
or competitions during the preceding year due to sports injuries and were classified as
injured and non-injured athletes on the basis of their responses. Injured athletes were asked
to report how many training or competition days they had missed in the preceding year
due to injuries from the following options: 1–7 days, 8–14 days, 15–21 days, or 22 days or
more [21]. Participants were assigned into two groups on the basis of their responses: those
who had missed ≥22 and those who had missed <22 participation days. In the current
study, the definition of injury included both acute and overuse injuries.

2.4. Statistical Analysis

The continuous variables were tested for normality prior to statistical analysis. De-
scriptive statistics are presented as means and standard deviations (SD) for normally
distributed data, medians and interquartile ranges (IQR) for non-normally distributed
data, and percentages and counts for categorical data. Differences in prevalences between
groups were analyzed using chi-square or Fisher’s exact tests for categorical variables
and two-independent-sample t-test or Mann–Whitney U test for continuous variables.
Logistic regression analysis was used to determine crude and adjusted odds ratios (ORs)
and their 95% confidence intervals (95% CIs) for the association of restrictive eating, eating
disorders, and menstrual dysfunction with injury occurrence and missed participation
days. Statistical analyses were conducted using IBM SPSS Statistics version 24 (Armonk,
NY, USA). The significance level was set at p < 0.05, two-tailed.

3. Results

3.1. Prevalence of Restrictive Eating, Eating Disorders, and Menstrual Dysfunction in Different
Groups of Athletes

The proportion of athletes reporting restrictive eating, current or past eating disorder,
menstrual dysfunction, primary amenorrhea, injuries, and ≥22 missed participation days
are presented in Table 1. No differences in any of the abovementioned variables between
elite and non-elite athletes were found. Younger athletes reported lower rates of current
or previous eating disorders than older athletes, while the prevalence of menstrual dys-
function was lower in the older athletes compared with the younger. Lean sport athletes
reported more restrictive eating, eating disorders, and menstrual dysfunction than non-lean
sport athletes; however, more non-lean sport athletes had sustained at least one injury
during the preceding year than lean sport athletes. No differences were found in current
or past primary amenorrhea between elite and non-elite athletes or between lean and
non-lean athletes, but there was a trend toward higher rates of primary amenorrhea in elite
athletes compared with non-elite athletes (p = 0.08) and in lean sport athletes compared
with non-lean sport athletes (p = 0.06) (Table 1).
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Table 1. Proportion of athletes reporting restrictive eating (RE), current or past eating disorder (ED), menstrual dysfunction (MD), current or past primary amenorrhea (PA), one or more
injuries in the preceding year, and ≥22 missed participation days (from training or competition) due to injuries.

All
Participants

Non-Elite
Athletes

Elite
Athletes

p-Value
Odds Ratio

(95% CI)
Younger
Athletes

Older
Athletes

p-Value
Odds Ratio

(95% CI)
Lean Sport

Athletes
Non-Lean

Sport Athletes
p-Value

Odds Ratio
(95% CI)

RE 24.6%
(207/841)

24.7%
(54/219)

24.6%
(153/622) 0.986 1.00

(0.70–1.43)
23.5%

(116/494)
26.2%

(91/347) 0.363 0.86
(0.63–1.19)

26.9%
(146/542)

20.4%
(61/299)

0.035
1.44

(1.03–2.02)

ED 18.4%
(155/843)

18.1%
(40/221)

18.5%
(115/622) 0.898 0.97

(0.66–1.45)
14.6%

(72/494)
23.8%

(83/349)
0.001

0.55
(0.39–0.78)

20.6%
(112/543)

14.3%
(43/300)

0.024
1.55

(1.06–2.28)

MD 31.6%
(160/506)

27.0%
(33/122)

33.1%
(127/384) 0.213 0.75

(0.48–1.18)
35.0%

(111/317)
25.9%

(49/189)
0.033

1.54
(1.03–2.29)

35.6%
(115/323)

24.6%
(45/183)

0.010
1.70

(1.13–2.55)

PA 15.5%
(129/832)

11.9%
(26/219)

16.8%
(103/613) 0.084 0.67

(0.42–1.06)
15.7%

(77/490)
15.2%

(52/342) 0.842 1.04
(0.71–1.52)

17.3%
(93/538)

12.2%
(36/294) 0.055 1.50

(0.99–2.27)

Injury 55.3%
(468/846)

50.7%
(112/221)

57.0%
(356/625) 0.106 0.78

(0.57–1.06)
55.6%

(276/496)
54.9%

(192/350) 0.820 1.03
(0.78–1.36)

50.8%
(277/545)

63.5%
(191/301)

<0.001
0.60

(0.45–0.79)
≥22 missed

days a
30.8%

(143/464)
29.7%

(33/111)
31.2%

(110/353) 0.776 0.94
(0.59–1.49)

32.2%
(88/273)

28.8%
(55/191) 0.430 1.18

(0.79–1.760)
29.6%

(81/274)
32.6%

(62/190) 0.481 0.87
(0.58–1.29)

a From injured athletes. CI = confidence interval. Statistically significant p-values are indicated in bold.
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Athletes reporting restrictive eating did not differ from those not reporting restrictive
eating in terms of BMI (median 22.5 kg/m2 (IQR 20.6–24.8) vs. 22.6 kg/m2 (IQR 21.0–24.3),
respectively, p = 0.741) or training volume (median 600 (IQR 364–800) vs. 520 (IQR 390–720),
respectively p = 0.092). Athletes reporting a current or past eating disorder had similar BMI
(median 22.3 kg/m2 (IQR 20.6–24.1) vs. 22.6 kg/m2 (IQR 21.0–24.4), respectively, p = 0.198)
and training hours (median 555 (IQR 366–726) vs. 540 (IQR 400–730), respectively, p = 0.983)
to those reporting no eating disorder. Athletes reporting menstrual dysfunction had lower
BMI (median 21.6 kg/m2 (IQR 20.1–23.6) vs. 22.7 kg/m2 (IQR 21.0–24.3), p < 0.001) and
higher training volume (median 627 h (IQR 414–832) vs. 550 h (IQR 400–720), p = 0.041)
than athletes reporting regular menstrual cycles. For additional descriptive data of the
participants, see Table S2.

3.2. Restrictive Eating, Eating Disorders, Menstrual Dysfunction, and Injuries

Odds ratios for injury occurrence and ≥22 missed participation days by restrictive
eating, eating disorders, and menstrual dysfunction among all participants are presented in
Table 2. Athletes with restrictive eating or current or past eating disorder were more likely
to report an injury than those with no restrictive eating or eating disorder. No differences
were found in injury occurrence among athletes by the menstrual status, or in missed
participation days by restrictive eating or eating disorder. However, athletes reporting
menstrual dysfunction were more likely to report ≥22 missed participation days than those
reporting regular menstrual cycles.

Table 2. Frequencies and proportions of athletes with one or more injury during the preceding year and athletes with
≥22 missed participation days due to injuries during the preceding year, along with crude odds ratios by restrictive eating
(RE), eating disorders (ED), and menstrual dysfunction (MD).

One or More Injury ≥22 Missed Participation Days Due to Injuries a

Variable n Proportion (%) OR 95% CI Variable n Proportion (%) OR 95% CI

No RE 339 53.5 1.00 Reference No RE 104 30.8 1.00 Reference
RE 128 61.8 1.41 1.02–1.94 RE 39 31.2 1.02 0.66–1.59

No ED 362 52.6 1.00 Reference No ED 117 32.6 1.00 Reference
ED 105 67.7 1.89 1.31–2.73 ED 26 25.0 0.69 0.42–1.13

No MD 187 54.0 1.00 Reference No MD 50 27.3 1.00 Reference
MD 87 54.4 1.01 0.70–1.48 MD 35 40.2 1.79 1.05–3.07

a Only injured participants were included in this analysis. OR = odds ratio; CI = confidence interval. Statistically significant differences are
indicated in bold.

The association between restrictive eating and injury occurrence was seen in non-elite
athletes (OR 1.90, 95% CI 1.01–3.57) and in lean sport athletes (OR 1.68, 95% CI 1.14–2.47, but
not in elite, non-lean, younger, and older athletes. The association between eating disorder
and injuries was observed in elite (OR 1.91, 95% CI 1.24–2.93) and non-elite athletes (OR 2.41,
95% CI 1.11–5.23), in older athletes (OR 2.46, 95% CI 1.44–4.19), and in lean (OR 1.91, 95%
CI 1.24–2.93) and non-lean athletes (OR 2.41, 95% CI 1.11–5.23). The relationship between
menstrual dysfunction and ≥22 missed participation days was observed in elite (OR 2.37,
95% CI 1.28–4.36) and lean sport athletes (OR 2.07, 95% CI 1.05–4.11).

The relationships of restrictive eating and eating disorder with one or more injuries
during the preceding year among all participants still existed when adjusted for BMI,
training hours in the preceding year, and age. However, no association between menstrual
dysfunction and missed participation days among all athletes was found when adjusting
for the abovementioned confounders (Table 3).



Nutrients 2021, 13, 3275 7 of 11

Table 3. Adjusted odds ratios for one or more injury during the preceding year and ≥22 missed training days due to injury
during the preceding year by restrictive eating (RE), current or past eating disorder (ED), and menstrual dysfunction (MD).

One or More Injury ≥22 Missed Participation Days due to Injuries a

Risk Factor OR b 95% CI Risk Factor OR b 95% CI

RE 1.50 1.05–2.14 RE 0.92 0.57–1.49
ED 2.29 1.52–3.44 ED 0.64 0.38–1.08
MD 1.10 0.72–1.67 MD 1.63 0.91–2.91

a Only injured participants were included in this analysis; b Adjusted for BMI, training hours in the preceding year, and age. OR = odds
ratio; CI = confidence interval. Statistically significant differences are indicated in bold.

4. Discussion

The main findings of this large survey-based study were as follows: (1) 25%, 18%, and
32% of the athletes reported restrictive eating, current or past eating disorder, and menstrual
dysfunction, respectively; (2) lean sport athletes had higher rates of restrictive eating, eating
disorders, and menstrual dysfunction than non-lean sport athletes, while no differences in
any of these variables were seen between elite and non-elite athletes; (3) younger athletes
reported higher rates of menstrual dysfunction and lower rates of current or past eating
disorders than older athletes; (4) restrictive eating and eating disorders were associated
with injury occurrence; (5) athletes reporting menstrual dysfunction were more likely
to report more missed participation days due to injuries than athletes reporting regular
menstrual cycles.

4.1. Prevalence of Restrictive Eating, Eating Disorders, and Menstrual Dysfunction

In the present study, 24.6% of the athletes reported restrictive eating, which is higher
than the 11.1% reported by Hinton and Beck [25] in female collegiate athletes, but lower
than the 39.6% reported by Bennell et al. [26] in female 17–26 year old track-and-field
athletes. The lifetime prevalence of self-reported eating disorder in our sample was 18.1%,
which is similar to the 17.9% reported by Silén et al. [27] in a Finnish female community-
based sample and slightly higher than reports in French athletes (11.2%) [28]. However, the
lifetime prevalence of eating disorder observed in this study was lower than self-reported
current eating disorder in a sample of Norwegian athletes (27.3%) [29]. Menstrual dysfunc-
tion prevalence in the current study among all participants was 31.6%, which is lower than
what we recently found in Finnish athletes aged 18–20 years (38.9%) [30], but higher than
what was found in high-school athletes (18.8–20.1%) [12,31] and in Finnish athletes aged
14–16 years (17.7%) [30]. The prevalence of a current or past primary amenorrhea in the
present study among all participants was 15.5%, which is higher than reported earlier [8,30].
Differences in study populations and methodologies are likely to explain the discrepancies
between studies.

In the present study, there were no differences in restrictive eating or eating disorder
prevalence between elite and non-elite athletes, i.e., in those competing at national or
international level vs. in those competing at regional/district level, which contrasts with
the findings of Kong and Harris [9] who found that elite athletes (athletes competing at in-
ternational or national level and training at least 12 h per week) had higher levels of eating
disorder symptoms than noncompetitive athletes or those competing at local to national
level and training less than 12 h per week. The differences between our findings and those
of Kong and Harris [9] may be attributed to, as with the whole sample, different method-
ologies and/or study populations. Our findings indicate that, in addition to elite athletes,
athletes competing at lower levels are also at high risk for eating disorder symptoms.

While we did not find any relationship between menstrual dysfunction prevalence and
the participation level, higher training volume was associated with menstrual dysfunction.
This finding is consistent with previous studies [16,32]. However, not all studies have
found this association [8]. We recently showed that self-reported weekly training volume
was not associated with menstrual dysfunction in athletes aged 18–20 years; however,
athletes reporting menstrual dysfunction exhibited higher rates of accelerometer-measured
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moderate-to-vigorous physical activity than athletes that reported regular menstrual cycles.
This association was not, however, observed in athletes aged 14–16 years [30]. The results
of the present study indicate that it is not the participation level per se that is associated
with menstrual dysfunction, but training volume. Higher training hours may lead to
low energy availability, which has been shown to cause alterations in the hypothalamic–
pituitary–ovarian axis, which may lead to menstrual dysfunction [3,33].

The older athletes in our sample reported higher rates of current or past eating
disorders than the younger ones, while no differences in restrictive eating between the age
groups were found. We did not ask participants at what age they received the diagnosis,
nor did we differentiate between current and past eating disorders. Thus, the prevalence of
a current eating disorder is not known for either group. In earlier studies, the incidence of
eating disorders was shown to be highest in adolescence and early adulthood [34].

In the present study, younger athletes reported higher rates of menstrual dysfunction
than older athletes, which contradicts the findings of Torstveit and Sundgot-Borgen [8], who
found no difference in menstrual dysfunction prevalence in athletes or controls divided into
three age groups (16–19, 20–29, and 30–39 years). However, it has been suggested that the
risk of menstrual dysfunction decreases with advanced gynecological age (chronological
age minus age at menarche) [35], which might explain our findings.

Our results are consistent with a study conducted by Torstveit et al. [29] showing that
eating disorder prevalence is higher in lean sport athletes compared with non-lean sport
athletes. In addition, eating disorder symptoms, including restrictive eating, have been
shown to be higher in lean sport athletes compared with non-lean sport athletes [7,36–38],
which is in accordance with our findings. Lean sport athletes are reported to have higher
desire and external social pressures to be thin, as well as higher rates of body dissatisfaction
than non-lean sport athletes [37,38], which may explain these findings. Furthermore, we
found that menstrual dysfunction was more common in lean sport athletes compared with
non-lean sport athletes, which is consistent with previous studies [8,31,39]. Lean sport
athletes might be more susceptible to dieting and unhealthy body image than non-lean
sport athletes as they may feel more pressures to maintain a low weight and fat percentage
for aesthetic, performance, or sociocultural reasons [1] and, thus, may suffer from low
energy availability and also menstrual dysfunction.

4.2. Restrictive Eating, Eating Disorders, and Injuries

In the current study, both restrictive eating and eating disorders were associated with
injuries, which is in accordance with previous findings [11–13]. While previous studies
have been conducted in adolescent athletes [11–13], our study showed that the association
between eating disorders and injuries applies also in older athletes, which suggests that
increasing age does not protect athletes from injuries associated with restrictive eating and
eating disorders. With respect to restrictive eating and injuries in older athletes, as well
as both restrictive eating and eating disorders and injuries in younger athletes, we may
have lacked statistical power to reveal significant differences between the groups. Because
we did not ask the participants if they are still suffering from an eating disorder or have
already recovered from it, we cannot determine if a previous eating disorder was associated
with the risk of injuries in these athletes.

4.3. Menstrual Dysfunction and Injuries

We found no relationship between menstrual dysfunction and injury occurrence,
which is in contrast with the studies conducted by Rauh et al. [17,18] but in agreement with
some other studies [12,15,16,19]. However, in the present study, menstrual dysfunction
was associated with more missed participation days, which is in accordance with studies
conducted by Beckvid Henriksson et al. [16] and Ihalainen et al. [40]. It is known that
menstrual dysfunction often results from low energy availability in athletes [3]. Indeed,
athletes with menstrual dysfunction in the present study had lower BMI, although median
BMI was still within the normal range (i.e., 21.6 kg/m2), and they trained more than
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participants reporting regular menstrual cycles. Thus, it is possible that athletes with
menstrual dysfunction in the present study might have had lower energy availability than
those with regular cycles. Furthermore, the association between menstrual dysfunction
and more missed participation days was observed in elite and lean sport athletes who also
trained more and were leaner than non-elite and non-lean sport athletes. This and the fact
that no association between menstrual dysfunction and missed participation days was
found when adjusting for BMI and training hours might indicate that BMI and training
hours mediate the association between those variables.

4.4. Limitations

Our study was not without limitations. First, as this was a cross-sectional study, any
causal inferences could not be made. Second, we used self-reported data instead of clinical
examination, whereas nuance and details regarding restrictive eating and eating disorders
were not examined. Third, there was a possibility of self-selection bias, which could have
affected our findings. Fourth, we were not able to provide a response rate as we used an
open survey, and it is not known how many athletes were reached. Lastly, our study did
not include a non-athletic control group and, thus, we could not compare the prevalence of
restrictive eating, eating disorders, and menstrual dysfunction in athletes to nonathletes.
It should also be noted that the data were collected during the COVID-19 pandemic and
restrictions. We cannot exclude the possibility that this influenced some of the answers
given by the participants. Despite these limitations, our large sample size and utilization
of validated questionnaires enabled us to show the prevalences of restrictive eating, eating
disorders, and menstrual dysfunction and their relationships with injuries in different-aged
Finnish athletes competing at different levels and sports.

5. Conclusions

The prevalence of self-reported restrictive eating, current or previous eating disorder,
and menstrual dysfunction in a sample of 15–45 years old Finnish elite and non-elite ath-
letes was 25%, 18%, and 32%, respectively. Lean sport athletes reported higher levels of
those symptoms than non-lean sport athletes, while younger athletes (aged 15–24 years)
exhibited lower prevalence of current or previous eating disorder and higher prevalence
of menstrual dysfunction than older athletes (aged 25–45 years). We found no differences
between elite and non-elite athletes regarding restrictive eating, eating disorders, or men-
strual dysfunction. Restrictive eating and current or past eating disorder were associated
with injury occurrence, and athletes with menstrual dysfunction reported more missed
participation days due to injuries than regularly menstruating athletes. Athletes and those
working with them should understand the role of eating disorder symptoms and menstrual
dysfunction in injury risk, in addition to other consequences for health and performance
that have been associated with eating disorders/disordered eating and menstrual dys-
function [3,41]. Eating disorder symptoms and menstrual dysfunction should be taken
seriously, and athletes presenting with these symptoms should receive medical evaluation
and appropriate treatment. In addition, an athlete’s readiness to participate in sports
should be evaluated [41]. Our results can also motivate athletes to seek help for problems
with eating and menstrual cycle as our findings indicate that these problems are associated
with more injuries/fewer training days.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13093275/s1: Table S1. List of sports reported by the athletes; Table S2. Characteristics of
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type of sport.
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ABSTRACT
Aim To evaluate differences in menstrual and pubertal 
history and trends in eating behaviours among women 
with and without a competitive sports background. 
Additionally, we investigated if menstrual history and 
eating behaviours are associated with sports career- 
related factors.
Methods This retrospective study was conducted 
on 100 women with a competitive endurance sports 
background and their age- matched, gender- matched 
and municipality- matched controls (n=98). Data were 
collected using a questionnaire using previously validated 
instruments. Generalised estimating equations were 
used to calculate associations of menstrual history and 
eating behaviours with outcome variables (career length, 
participation level, injury- related harms and career 
termination due to injury).
Results Athletes reported higher rates of delayed puberty 
and menstrual dysfunction than controls. No differences 
between the groups were observed in the Eating Disorder 
Examination Questionnaire short form (EDE- QS) scores at 
any age. Previous disordered eating (DE) was associated 
with current DE in both groups. Among athletes, higher 
EDE- QS scores during the sports career were associated 
with a shorter career (B=−0.15, 95% CI −0.26 to –0.05). 
Secondary amenorrhoea was associated with lower 
participation level (OR 0.51, 95% CI 0.27 to 0.95), injury- 
related harms during the career (OR 4.00, 95% CI 1.88 
to 8.48) and career termination due to injury (OR 1.89, 
95% CI 1.02 to 3.51).
Conclusion The findings indicate that DE behaviours 
and menstrual dysfunction, specifically secondary 
amenorrhoea, have a disadvantageous relationship with a 
sports career in women competing in endurance sports. 
DE during the sports career is associated with DE after the 
career.

INTRODUCTION

Participation in sports during adolescence 
is associated with mental,1 metabolic2 and 
bone3 health benefits later in life. Neverthe-
less, sports- related musculoskeletal injuries 
are common in athletes.4 While many of these 

injuries heal completely and cause no later 
health problems, some may induce pain and 
functional limitations in later life.4–6

Some sports- related factors are associated 
with a heightened risk for disordered eating 
(DE) behaviours. Athletes can experience 
pressures to have a certain body weight or 
composition, and thus, restrict their eating or 
engage in other unhealthy eating behaviours 

WHAT IS ALREADY KNOWN ON THIS TOPIC

⇒ Disordered eating behaviours and menstrual dys-
function are commonly observed in female endur-
ance sports athletes.

⇒ Associations of disordered eating behaviours and
menstrual function with sports career- related fac-
tors, such as length, success and injuries during the 
career, remain understudied.

⇒ Whether athletes with disordered eating behaviour
during their sports career present with disordered
eating after their career remains unknown.

WHAT THIS STUDY ADDS

⇒ Among women with a competitive sports back-
ground and a mean age of 40, higher scores on the
Eating Disorder Examination Questionnaire short
form during the sports career were associated with
a shorter sports career.

⇒ Secondary amenorrhoea during the sports career
was associated with lower participation level, injury- 
related harms and sports career termination due to
injury.

⇒ Athletes with disordered eating during their career
were more likely to report disordered eating also
after their career than were athletes who did not re-
port disordered eating during their career.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

⇒ Female athletes and those working with them should 
acknowledge that disturbances in eating behaviours 
and in the menstrual cycle could have a harmful re-
lationship on an athletic career.
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used to control weight.7 DE can result in low energy avail-
ability (LEA), that is, insufficient energy intake in relation 
to exercise energy expenditure. LEA, in turn, may lead 
to several health and performance issues in women, 
including menstrual dysfunction, impaired bone health, 
injuries and decreased performance.8 9 LEA, however, 
can also present without DE.9 Young athletes may be 
especially vulnerable to interruptions in their menstrual 
cycle if their energy availability is insufficient.10 LEA may 
also contribute to delayed puberty or primary amenor-
rhoea.9 However, the long- term consequences of LEA/
DE and menstrual dysfunction in young female athletes 
remain poorly explored.

Findings regarding the prevalence of subclinical DE 
behaviours and clinical eating disorders (ED) in athletes 
and non- athletes are inconsistent.11–14 The risk of DE/ED 
seems to be higher among lean sports (ie, sports where 
weight and/or leanness are considered important) than 
among non- lean sports athletes.11 Whether individuals 
with a competitive (lean) sports background differ from 
their non- athletic peers after the sports career regarding 
DE behaviours remains unreported.

This study aimed to compare menstrual and pubertal 
history and trends in eating behaviours between women 
with a competitive sports background and their non- 
athletic peers. The second aim was to investigate 
associations of menstrual history and eating behaviours 
during the sports career with career length, participation 
level, sports injury- related harms and career termina-
tion due to sports injury in women who had engaged in 
competitive endurance sports in their adolescence.

MATERIALS AND METHODS

This is an observational study with retrospectively 
collected questionnaire data.

Participants

Inclusion criteria for athletes were as follows: (1) place-
ment among the top 30 in cross- country running national 
championships in the division for girls aged 16 or 17 
between the years 1990–2005 or (2) placement among 
the top 10 in adolescents’ track and field national cham-
pionships in 2000 metre running in the division for girls 
aged 14 or 15 between the years 1992–2003. Athletes’ 
names and dates of birth were collected from the result 
lists, and their addresses were drawn from the popula-
tion registry. Two controls, matched for sex, age and 
municipality, were randomly selected for each available 
athlete from the general population. The final number 
of invited athletes and controls were 270 and 551, respec-
tively. Controls who reported a history of competing in 
sports were excluded from the analyses. The flow chart of 
the recruitment process is presented in figure 1.

Data collection

Questionnaire data were collected using the Webropol 
V.3.0 Online Survey and reporting tool (Webropol Oy
2022, Helsinki, Finland) between May 2022 and July

2022. The research team developed the questionnaire. 
It consisted of questions on demographics, menstrual 
and pubertal history and eating behaviours at different 
age stages along with sports career and injuries (only 
athletes). Questions from previously validated question-
naires15 16 concerning eating behaviours and menstrual 
function, along with other previously used questions,17–19 
were included in the questionnaire. Current and previous 
DE behaviours were assessed using the Eating Disorder 
Examination Questionnaire (EDE- Q) short form (EDE- 
QS), which is a 12- item version of the 28- item EDE- Q20 
and has demonstrated high internal consistency (Cron-
bach’s alpha=0.913) and convergent validity with the 
EDE- Q both among people with (r=0.91) and without 
(r=0.82) an ED.15 EDE- QS captures respondents’ DE 
behaviours and perceptions, such as unhealthy weight 
management behaviours (eg, dietary restriction or 
vomiting), lack of control while eating and body weight 
and shape dissatisfaction on a 4- point scale. Total scores 
of the EDE- QS range from 0 to 36, with higher scores 
indicating more unhealthy attitudes toward eating and 
body image. In this study, the participants were asked to 
complete the EDE- QS several times and to recall their 
thinking at different age periods, that is, at ages 13–15, 
16–18, 19–21, 22–25 and at present. EDE- QS scores were 
calculated for each age period. A score of 15 was used 
as a cut- off for DE behaviour.21 The Cronbach’s alphas in 
this study among athletes and controls at different ages 
varied between 0.91 and 0.94.

Participants were also asked if they were ever diagnosed 
with an ED by a medical doctor. In the case of an ED, 
participants provided the exact diagnosis and year of 
diagnosis.

Questions concerning menarche and menstrual history 
were developed by modifying the Low Energy Availability 
in Females Questionnaire.16 Athletes reported on their 
menstrual cycle length and regularity during their sports 
career, while controls were asked to answer the menstrual 
cycle- related questions throughout their whole life. 
Participants were assigned to the secondary amenor-
rhoea group if they reported missing periods for at least 
three consecutive months for any reason other than 
pregnancy or hormonal contraceptive use.22 For primary 
amenorrhoea, age at menarche 16 years was used as a 
criterion because this criterion was effective when study 
participants were adolescents.9 23 Participants were also 
asked if they were examined by a medical doctor or other 
medical personnel due to delayed puberty.

The effect of injuries and/or pain on the sports 
career (ie, injury- related harms) was assessed by asking 
the athletes if injury or musculoskeletal pain hindered 
their sports career. The response options were as follows: 
(1) not at all or very little: I usually did not have to skip
competitions or pause normal training because of injury
or pain, (2) somewhat: I sometimes had to skip competi-
tions and/or pause normal training because of injury or
pain, (3) quite a lot: I regularly had to skip competitions
and/or pause normal training for a long time because
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of injury or pain and (4) significant amount: I often had 
to skip competitions and pause training for a long time 
because of injury or pain. Athletes were classified into 
two groups based on their responses (response options 1 
and 2 vs response options 3 and 4).

Retired athletes were asked if any specific injury or 
several injuries impacted their decision to terminate their 
sports career at a level they had practised and actively 
competed in.17 Response options were: (1) not at all, (2) 
an injury or several injuries contributed to sports career 
termination and (3) an injury or several injuries was/
were the main cause for terminating the sports career. 
Response options 2 or 3 were combined for analyses.

Athletes also reported if an acute or overuse injury 
impacted their decision to terminate their sports career. 
An acute injury was defined as an injury that occurs 
suddenly or accidentally, interrupting training or ability 
to compete or causing an identifiable trauma. An overuse 
injury was defined as an injury that causes worsening pain 
during or after exercise without any noticeable external 
cause of injury.17 In addition, athletes provided informa-
tion on the type of career- ending injury/injuries, which 

were then categorised by tissue, as suggested by Bahr 
et al.24 Athletes were also asked when they started goal- 
oriented training (at least twice weekly) in their sports 
and ended their sports career at the highest level they 
had competed in.17 Career length for each participant 
was calculated by subtracting the starting age from the 
age at career termination or the current age if an athlete 
was still active.

Athletes reported the highest level they had competed 
at and were grouped into national and international 
level athletes (Tiers 3 and 4), as recently recommended 
by McKay and colleagues.25 One athlete reported that 
her highest competition level had been at the regional/
district level, and she was combined with the national- 
level athletes in the analysis.

Statistical analyses

Descriptive statistics are presented as means with SD and 
counts with percentages. Differences between the athletes 
and the controls were analysed with a t- test (normal distri-
bution) and Mann- Whitney U test (skewed distribution) 
or χ2 test in case of categorical variables. Longitudinal 

Missing addresses, n = 5 

Athletes who fulfilled the 
inclusion criteria, n = 295 

Invited controls, n = 552

Were not identified,

n = 4

Dead, n = 2

Moved abroad, n = 13

Informed not being the 
intended person, n = 1

Invitation letter 
returned by the postal 
office as the intended 

person had moved 
abroad, n = 1

Identified athletes, n = 291

Names and social security
numbers received from the
population registry, n = 276

Invited athletes, n = 271

Athletes who completed the
survey, n = 100

Controls who completed the
survey, n = 111

Final number of invited
athletes, n = 270

Final number of invited
controls, n = 551

Not responded, n = 170 

Not responded, n = 440 

Final sample size of the
controls, n = 98

Excluded due to 
competitive sports 
background, n = 13 

Figure 1 Flow chart of the recruitment process.
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analyses for the EDE-QS scores were performed using 
Friedman’s analysis of variance with post hoc pairwise 
comparisons. Associations between menstrual history, 
EDE-QS scores and sports career-related outcomes were 
tested using generalised estimating equations (GEE). The 
models used primary amenorrhoea, secondary amen-
orrhoea, EDE-QS scores and age phase, that is, time, as 
independent variables. Missing data were not imputed. 
In the primary analysis, only EDE-QS scores at the ages 
of each individual’s sports career were considered. As 
75% of the athletes had terminated their sports career 
by the age of 23, only ages 13–15, 16–18 and 19–21 were 
included in the models. The secondary analysis used 
EDE-QS scores at ages 13–15, 16–18 and 19–21 from all 
athletes.

Statistical analyses were conducted with IBM SPSS 
Statistics V.26 (Armonk, New York, USA) and R Project 
for Statistical Computing V.4.0.2 (Vienna, Austria). The 
significance level was set at <0.05.

Patient and public involvement

The questionnaire was piloted among former athletes and 
non-athletes before data collection, and small changes to 
the questionnaire were made based on their feedback.

RESULTS

Response rate and characteristics of the participants

One hundred athletes (response rate 37.0%) and 111 
controls (response rate 20.1%) completed the question-
naire. Thirteen controls had participated in competitive 
sports and were excluded. Thus, the final control group 
included 98women. The groups were similar in age 

(mean 39.6±4.5 years and 39.4±4.5 years in athletes and 
controls, respectively, p=0.801).

Characteristics of the athletes are presented in table 1. 
All track and field athletes had participated in middle-
distance and long-distance running, and one had also 
competed in jumping disciplines. Participants who 
reported commencing their sports career in gymnas-
tics or Finnish baseball had later changed to endurance 
sports.

Of the 42 athletes who had terminated their career 
due to injury, 10 (23.8%) reported that an acute injury 
contributed to their retirement. In contrast, 34 (81.0%) 
reported that an overuse injury impacted their career 
termination. Two athletes reported both acute and 
overuse injuries that contributed to career termination. 
Twenty (47.6%) athletes who had terminated their career 
due to injury were able to identify one single contrib-
uting injury (or bilateral injury). The remaining 22 
(52.4%) athletes reported several injuries that affected 
career termination. Figure 2 presents the number of 
athletes with career-ending injuries by injured tissue and 
type of injury (acute/overuse). Secondary amenorrhoea 
was present in 5 of the 9 athletes (56%) who reported 
bone stress-related career-ending injuries and 7 of the 21 
athletes (33%) who reported other career-ending inju-
ries (p=0.418).

Menstrual and pubertal history and DE behaviours

Menstrual and pubertal history, ED diagnoses and 
EDE-QS scores at different age stages among the athletes 
and the controls are presented in table 2. Athletes were 
older at menarche, achieved regular menstruation later 
and had higher rates of primary and secondary amenor-
rhoea. No statistically significant differences between the 
groups were found in ED diagnoses or EDE-QS scores at 
any age stage.

Changes in EDE-QS scores over time in both athletes 
(χ2 (4) = 24.7, p<0.001) and controls (χ2 (4) = 9.8, 
p=0.044) were statistically significant. Post hoc analyses 
are presented in table 3. Trends in EDE-QS scores over 

Table 1 Characteristics of the athletes (n=100)

First sports discipline, n (%)

Distance running 64 (64)

Track and field (middle-distance and long-
distance running)

16 (16)

Cross-country skiing 12 (12)

Other (orienteering, swimming, gymnastic, 
Finnish baseball)

8 (8)

Retired from sports, n (%) 94 (94)

Career length (years), mean±SD* 12.0±5.8

Highest competition level, n (%)†

International (Tier 4) 34 (34)

National (Tier 3) 65 (65)

Local (Tier 2) 1 (1)

High amount of injury-related harm during the 
sports career, n (%)

16 (16)

Sports career termination due to injury, n (%)* 42 (44.7)

*Only retired athletes, n=94
†Tiers, as suggested by McKay et al24 are used when classifying 
athletes.

2
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Non-specific

Acute Overuse

Figure 2 Types of career-ending injuries reported by the 
athletes. The counts present the number of injured athletes.



5Ravi S, et al. BMJ Open Sp Ex Med 2023;9:e001489. doi:10.1136/bmjsem-2022-001489

Open access

time were more stable among controls than among 
athletes (figure 3).

Nineteen (19%) of the athletes reported DE during 
their careers (ie, had EDE- QS scores of 15 or more), and 
17 (89%) of them had ended their careers. Current DE 
was reported by 35% (n=6) of the retired athletes with 
DE during their career compared with 8% (n=6) of the 
retired athletes without DE during their sports career 
(p=0.003). Twenty- one (21%) controls reported DE 
during their adolescence or young adulthood (between 
ages 13 and 21), and current DE was reported by 43% 
(n=9) of them compared with one (1%) control with 
current DE but without DE at adolescence/young adult-
hood (p<0.001).

Associations of menstrual history and history of DE 

behaviours with a sports career

No differences were found between athletes with and 
without primary or secondary amenorrhoea in sports 
career length or participation level or between those with 
and without DE at ages 13–15, 16–18 or 19–21 in partici-
pation level. Athletes with DE at age 16–18 had a shorter 

Table 3 Post hoc analyses of EDE- QS scores at different 
age stages among athletes and controls

Athletes (n=100) Controls (n=98)

Age group 
comparisons

P value Adjusted 
p value*

P value Adjusted 
p value*

13–15 vs 16–18 <0.001† 0.002† 0.090 0.903

13–15 vs 19–21 0.004† 0.040† 0.119 1.00

13–15 vs 22–25 0.109 1.00 0.013† 0.130

13–15 vs currently 0.832 1.00 0.718 1.00

16–18 vs 19–21 0.423 1.00 0.892 1.00

16–18 vs 22–25 0.038† 0.381 0.429 1.00

16–18 vs currently 0.001† 0.005† 0.183 1.00

19–21 vs 22–25 0.203 1.00 0.354 1.00

19–21 vs currently 0.008† 0.077 0.231 1.00

22–25 vs currently 0.164 1.00 0.034† 0.337

*Adjusted for the Bonferroni correction for multiple tests.
†p<0.05

Table 2 Menstrual and pubertal history and trends in eating behaviours among the athletes and the controls

Athletes (n=100) Controls (n=98) P value

Age at menarche (years), mean±SD 14.0±2.0 12.5 ± 1.2a
<0.001‡

Age at attaining regular menses (years), mean±SD 16.0±3.7b 14.7±2.9b
0.005‡

Primary amenorrhoea, n (%) 20 (20.0) 2 (2.0) <0.001‡

Spontaneous menarche*, n (%) 93 (93.0) 98 (100.0) 0.014‡

Examined due to delayed puberty, n (%) 13 (13.0) 2 (2.0) <0.001‡

Secondary amenorrhoea, n (%)† 31 (34.1)c 20 (20.4) 0.035‡

Regular menses always/nearly always, n (%)† 50 (54.3)d 72 (78.3)d <0.001‡

Cycle length 21–35 days, n (%)† 55 (64.7)e 81 (89.0)c <0.001‡

Eating disorder diagnosis, n (%) 7 (7.1)f 8 (8.4)g 0.740

EDE- QS, mean±SD

  Age 13–15 6.3±7.3 6.4±7.4 0.943

  Age 16–18 8.4±7.9 7.3±7.7 0.340

  Age 19–21 8.0 ± 8.0h 7.4±7.8 0.589

  Age 22–25 7.2±7.4i 7.5±7.8 0.737

  Currently 5.6±6.4 6.0 (6.2) 0.697

EDE- QS≥15, n (%)

  Age 13–15 16 (16.0) 15 (15.3) 0.893

  Age 16–18 20 (20.0) 18 (18.4) 0.771

  Age 19–21 19 (19.8)h 15 (15.3) 0.411

  Age 22–25 17 (18.9)i 13 (13.3) 0.293

  Currently 12 (12.0) 10 (10.2) 0.688

a n=97; b n=82; c n=91; d n=92; e = 85; f n=98; g n=95; h n=96; i n=90.
*Menarche had occurred spontaneously, that is, without any treatments.
†During the sports career (athletes) or ever (controls).
‡p<0.05
EDE- QS, the Eating Disorder Examination Questionnaire short form scores.
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career than those without DE at that age (10.5 years 
vs 14.0 years, p=0.020), while no differences in career 
length were found between those with and without DE at 
ages 13–15 and 19–21.

The GEE models for the associations of menstrual 
history and eating behaviours during the sports career 
with sports career- related factors among athletes are 
presented in table 4. EDE- QS scores were associated with 
sports career length, with one point in the EDE- QS score 
being associated with a 0.15- year shorter career. Those 
reporting secondary amenorrhoea during their sports 
career had 0.5 times lower odds of being competed at the 
international level (vs national level), 4.0 times higher 
odds of reporting that injuries/pain negatively affected 
their sports career and 1.9 times higher odds of reporting 
that an injury had affected their sports career termina-
tion. The secondary analysis, where EDE- QS scores at 
ages 13–15, 16–18 and 19–21 from all athletes were used, 
is presented in online supplemental file 1.

DISCUSSION

We found no statistically significant differences in eating 
behaviours between the athletes and the controls, but 
menstrual dysfunction and delayed puberty were more 
common among the athletes. Among the athletes, current 
EDE- QS scores were lower than earlier in life, indicating 
a healthier attitude toward eating and body image in 
adulthood than in adolescence. In contrast, among the 
controls, trends in EDE- QS scores over time were more 
stable. DE behaviour earlier in life was associated with 
current DE in both groups. Higher EDE- QS scores, that 
is, more unhealthy attitudes toward eating and body 
image during the sports career, were associated with 

a shorter career. In addition, secondary amenorrhoea 
during the career was associated with lower participation 
level, higher rates of injury- related harms and a higher 
likelihood of career termination due to injury.

Menstrual history and attitudes toward eating

The athletes had higher age at menarche, higher rates 
of delayed puberty and menstrual dysfunction and less 

Figure 3 Eating Disorder Examination Questionnaire 
short form (EDE- QS) scores over time among athletes and 
controls.

Table 4 Associations of menstrual history and eating 
behaviours during the sports career with career length, 
participation level, injury- related harms during the career 
and career termination due to injury

Sports career length (n=100)

B 95% CI P value

Primary amenorrhoea 2.28 −0.55 to 5.11 0.115

Secondary amenorrhoea −0.16 −2.05 to 1.72 0.864

EDE- QS −0.15 −0.26 to −0.05 0.003*

Time (age 16–18 vs age 
13–15)

0.63 −1.47 to 2.73 0.555

Time (age 19–21 vs age 
13–15)

3.01 0.64 to 5.38 0.013*

Participation level (international vs national) (n=100)

OR 95% CI P value

Primary amenorrhoea 1.09 0.54 to 2.21 0.808

Secondary amenorrhoea 0.51 0.27 to 0.95 0.033*

EDE- QS 0.99 0.95 to 1.03 0.544

Time (age 16–18 vs age 
13–15)

0.06 0.56 to 2.00 0.086

Time (age 19–21 vs age 
13–15)

1.74 0.87 to 3.49 0.117

Injury- related harms during the sports career (n=100)

OR 95% CI P value

Primary amenorrhoea 1.22 0.53 to 2.81 0.639

Secondary amenorrhoea 4.00 1.88 to 8.48 <0.001*

EDE- QS 0.97 0.93 to 1.01 0.187

Time (age 16–18 vs age 
13–15)

1.14 0.49 to 2.66 0.758

Time (age 19–21 vs age 
13–15)

1.40 0.57 to 3.47 0.461

Sports career termination due to injury (n=94)

OR 95% CI P value

Primary amenorrhoea 0.61 0.30 to 1.23 0.168

Secondary amenorrhoea 1.89 1.02 to 3.51 0.045*

EDE- QS 1.01 0.97 to 1.05 0.598

Time (age 16–18 vs age 
13–15)

0.90 0.48 to 1.69 0.747

Time (age 19–21 vs age 
13–15)

1.16 0.57 to 2.37 0.683

*p<0.05
EDE- QS, the Eating Disorder Examination Questionnaire short 
form scores.



7Ravi S, et al. BMJ Open Sp Ex Med 2023;9:e001489. doi:10.1136/bmjsem-2022-001489

Open access

spontaneously occurring menarche than controls, which 
agrees with other studies.13 26 27 While the mechanisms 
behind these associations are incompletely understood, 
they may be related to intensive exercise and/or LEA 
in athletes, which leads to decreased leptin concentra-
tions and alterations in other peptides. This may result 
in disturbances in gonadotrophin- releasing hormone 
secretion, which further suppresses the function of the 
hypothalamus- pituitary- gonadal axis.28 29

Evidence regarding the difference in the prevalence 
of eating problems between athletes and non- athletes is 
inconclusive. A meta- analysis conducted in 2000 found 
that DE was more common in athletes than non- athletes, 
but the effect size was small.14 In a recent meta- analysis, 
no differences were found in ED psychopathology 
between athletes and non- athletes.12 This parallels our 
findings of no statistically significant differences in DE or 
ED between the groups. However, our athletes were lean 
sport athletes, among whom eating problems are thought 
to be more common than in non- lean sports.12 30 The life-
time prevalence of clinical ED diagnoses in our athletes 
was 7.1%, lower than in our previous cross- sectional study 
conducted in a mixed- sport sample of Finnish athletes 
(18.4%).31 The detection of EDs has improved over 
time,32 which might explain the differences between the 
findings.

Although no differences in the EDE- QS scores between 
athletes and controls were found, the trends of the scores 
differed between the groups. Among athletes, EDE- QS 
scores increased significantly after the age of 13–15, while 
controls’ scores remained more constant over time. This 
could be related to sports- specific pressures of controlling 
body weight or composition, which can lead to DE.7 
In addition, some personality traits, especially perfec-
tionism, may increase the likelihood of both competitive 
environments and DE.7 33 ED incidence generally peaks 
in adolescence and young adulthood.34 In line with this, 
EDE- QS scores were higher in adolescence than currently 
also in our athletes.

A history of DE was associated with current DE among 
athletes and controls. While several studies have investi-
gated DE in athletes, few studies have focused on former 
athletes. Oltmans and colleagues35 found that at the base-
line of their prospective study, 28% of the former elite 
Dutch athletes presented with DE. In another study,36 
5.8% of former collegiate athletes reported DE. In our 
study, the prevalence of present DE was 12%, which falls 
between previously reported prevalence rates.

Associations of menstrual history and DE with a sports career

A 10- point increase in the EDE- QS score was associated 
with a 1.5- year shorter sports career. We are unaware of 
other studies investigating the association between career 
length and DE, and prospective studies are needed to 
confirm our findings. One possible mechanism behind 
this relationship is decreased bone mineral density 
(BMD) associated with DE.8 9 Low BMD may be a risk 
factor for bone stress injuries, which in turn may cause 

long time loss from training and thus predispose to career 
termination. However, as the present study did not find 
an association of EDE- QS scores with either injury- related 
harms during the sports career or career termination 
due to injury, a possible explanation for the association 
between higher EDE- QS scores and shorter career length 
may be related to other factors than injuries. Further 
research with a prospective design is also needed to 
investigate the relationship between participation level 
and menstrual dysfunction, as we cannot demonstrate 
causality with our retrospective study design.

Secondary amenorrhoea during the sports career was 
associated with both injuries/pain during the sports 
career and career termination due to injury. These results 
support and extend the findings of Rauh and colleagues,37 
who found that menstrual dysfunction was associated 
with running- related injuries among female runners in 
a model adjusted for bone mineral density less than −2 
SDs. Menstrual dysfunction may also be associated with 
a longer healing time for injuries.31 38 The mechanism 
behind these associations is unclear but might be related 
to LEA, which increases the risk for menstrual dysfunc-
tion, poor bone quality and injuries.8 However, not all 
studies have found an association between menstrual 
dysfunction and injuries39–41 and thus, further studies are 
needed to confirm the findings.

STRENGTHS AND LIMITATIONS

Our study is the first to investigate trends over time in 
eating behaviours among athletes compared with controls 
and the first to assess the associations of menstrual history 
and eating behaviours with sports career length, partici-
pation level and athletic retirement due to injury among 
adult women with a competitive sports background. 
Moreover, as we recruited athletes who had succeeded 
in their adolescence, our sample included those who had 
terminated their sports careers early.

The greatest limitation of our study is that recall bias 
may exist because participants were asked to respond 
based on their memory. Athletes may recall their 
menstrual cycle- related attributes better than controls, 
at least in case of delayed puberty and/or absence of 
menstruation. Sampling bias is also possible because 
people interested in the research topic may have been 
more likely to participate. Moreover, our sample size was 
relatively small, which limited statistical power. The low 
response rate, especially among the controls, may limit 
the generalisability of our findings. Finally, due to our 
study design, we cannot infer causality, and some external 
confounding factors not considered in the analysis, such 
as lifestyle or personality, may have influenced the associ-
ations found in this study.

Conclusions

Athletes reported higher rates of delayed puberty and 
menstrual dysfunction than controls, but no differences 
between the groups were found in eating behaviours at 
any age stage. Athletes with DE during their sports career 
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were more likely to report DE also after their career than 
athletes without DE during their career. EDE- QS scores 
were negatively associated with sports career length. 
In addition, secondary amenorrhoea during the sports 
career was associated with lower participation level, 
higher rates of injury- related harms during the career, 
and sports career termination due to injury. These find-
ings indicate that a regular menstrual cycle and healthy 
attitudes toward eating and body image may benefit an 
athlete’s health and career. Female athletes and those 
working with them should be aware that disturbances 
in eating patterns and menstrual function could have 
a harmful association on a sports career. The study’s 
findings underline the sports community’s potential 
role in influencing female athletes’ long- term health by 
promoting positive body image and eating behaviour.
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Supplemental table 1. Associations of eating behaviours at ages 13 15, 16 18, and 19 21 and menstrual 
history with sports career length, participation level, injury-related harms during the sports career, and sports 
career termination due to an injury.

Sports career length (n = 100) 
 B 95% CI P-value 
Primary amenorrhea 2.49 -0.14, 5.12 0.063 
Secondary amenorrhea -0.03 -1.74, 1.68 0.972 
EDE-QS -0.19 -0.28, -0.11 < 0.001 
Time (age 16-18 vs. age 
13-15) 

0.43 -1.63, 2.49 0.684 

Time (age 19-21 vs. age 
13-15) 

0.66 -1.41, 2.73 0.531 

Participation level (international vs national) (n = 100) 
 OR 95% CI P-value 
Primary amenorrhea 1.11 0.57, 2.14 0.762 
Secondary amenorrhea 0.62 0.35, 1.11 0.106 
EDE-QS 0.98 0.94, 1.02 0.261 
Time (age 16-18 vs age 
13-15) 

1.04 0.56, 1.96 0.887 

Time (age 19-21 vs age 
13-15) 

1.01 0.54, 1.90 0.978 

Injury-related harms during the sports career (n = 100) 
 OR 95% CI P-value 
Primary amenorrhea 1.17 0.52, 2.62 0.704 
Secondary amenorrhea 3.55 1.73, 7.27 < 0.001 
EDE-QS 0.96 0.92, 1.00 0.076 
Time (age 16-18 vs age 
13-15) 

1.08 0.47, 2.50 0.850 

Time (age 19-21 vs age 
13-15) 

1.11 0.48, 2.57 0.799 

Sports career termination due to injury (n = 94) 
 OR 95% CI P-value 
Primary amenorrhea 0.54 0.28, 1.06 0.074 
Secondary amenorrhea 1.87 1.06, 3.29 0.030 
EDE-QS 1.01 0.97, 1.04 0.708 
Time (age 16-18 vs age 
13-15) 

0.98 0.53, 1.82 0.960 

Time (age 19-21 vs age 
13-15) 

1.03 0.55, 1.92 0.923 

OR = odds ratio; CI = confidence interval; EDE-QS = the Eating Disorder Examination Questionnaire short form scores 
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