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ABSTRACT

Background: Increasingly more women are participating in professional and recreational sports. Whilst vigorous intensity
physical activity is considered beneficial, evidence demonstrates higher rates of menstrual disturbance in elite athletes. There is
less clear evidence on the impact of elite-level exercise on fertility outcomes. It is critical to understand this given the optimal age
for fertility is likely to coincide with the age of peak performance for many athletes.

Aim: To perform a narrative review summarising the impact of elite-level exercise on reproductive function and fertility out-
comes, highlighting the importance of relative energy deficiency in sport (REDs). Additionally, to outline the reproductive op-
tions for female athletes and summarise the fertility treatment outcomes and challenges for athletes.

Methods: A literature search of Medline, Embase, Google Scholar and Web of Science was performed.

Results: There is clear evidence that elite-level training causing increased risk of menstrual disturbance. This is likely due to
REDs, with evidence that increasing energy intake can improve menstrual dysfunction. Whilst there is limited data in athletes,
data from the general population suggests exercise may be beneficial for both fertility and assisted reproduction outcomes up to a
certain point, beyond which there may be a negative impact, particularly if there was prior menstrual disturbance. It is crucial to
be able to counsel athletes on the effect of age upon reproductive outcomes, the impact of their training on reproductive health,
and the implications of fertility treatments, including the impact upon training and performance, and whether the medications
involved comply with anti-doping regulations.

Conclusion: Elite-level exercise can have a negative impact on menstrual function, however the impact on fertility is less clear.
Restoring energy balance may re-establish menstruation and enhance fertility, but some individuals may need fertility treat-
ment. Athletes wishing to wait until after retirement to conceive may encounter age-related reproductive decline, hence some
may wish to consider oocyte/embryo preservation. Giving athletes evidence-based information regarding their reproductive
health remains challenging due to their underrepresentation in exercise-related research.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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FIGURE 1 | Overview of reproductive options for athletes, their implications and fertility considerations. PCOS, polycystic ovarian syndrome;
REDs, relative energy deficiency in sport; WADA, world anti-doping agency.

1 | Introduction

Women are participating in professional and recreational sports
in consistently increasing numbers [1, 2]. The Paris Olympic
Games 2024 saw full gender parity among athletes for the first
time [2], a marked difference from 1984 when only 23% of ath-
letes were female [3]. In their most recent guidelines, the World
Health Organisation encourages partaking in vigorous inten-
sity physical activity (VIPA) in the absence of a chronic condi-
tion [4]. VIPA is defined as any activity that requires someone
to breathe hard and fast, only being able to say a few words
without pausing for breath, typically elevating the heart rate to
70%-85% of the age-predicted maximum heart rate. The exact
definition of elite-level exercise is a debated subject, with elite-
level being based on several different measures, for example,
the level of competition, such as regional to international, or the
amount of training. This makes comparing studies within this
field challenging [5]. Regardless of the study definition, there is
a great deal of evidence to demonstrate that menstrual distur-
bance is more common among professional athletes than non-
athletes [6]. The impact of elite-level exercise on fertility is less
clear; however, it is recognised that exercising at intense levels
in non-athlete research populations may have negative effects
on fertility [7-10]. This is likely related to the effect of VIPA
without adequate nutrition and recovery on the hypothalamic-
pituitary-ovarian (HPO) axis and therefore reproductive health
[11], rather than the actual impact of the exercise alone. Notably,
insufficient physical activity (PA) will also negatively impact

the HPO axis and metabolic function, also potentially affecting
fertility.

Importantly, the optimal age for fertility coincides with the
age of peak performance for many athletes [12-16]. The
International Olympic Committee (IOC) recognises that to date,
there has been a lack of guidance in reproductive health and de-
laying childbearing [1]. This is particularly relevant given the
increased uptake of fertility preservation and elective oocyte-
freezing in the public [17], on the background of a worldwide
decrease in fertility rates [7, 18].

Despite an increasing awareness of relative energy deficiency
in sport (REDs) and its impact on menstrual function, there re-
mains a paucity of data on fertility and reproductive outcomes
in elite level athletes, particularly regarding the effect of VIPA
combined with lack of adequate nutrition and recovery and the
impact of fertility treatment on athletic performance. It is also
important to consider the potential legal and regulatory impli-
cations fertility treatment may have on competing, to support
athletes, their trainers and healthcare professionals to provide
optimal evidence-based, individualised solutions for athletes.
Figure 1 provides an overview of the reproductive options for
athletes, their implications and the fertility considerations
for each.

This narrative review aims to summarise the evidence on the
impact of elite-level exercise on reproductive function and
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fertility outcomes, highlighting the importance of REDs. It
will address the issues of peak oocyte quality coinciding with
peak athletic performance and outline the various reproduc-
tive options for female athletes. Finally, it will review fertility
treatment options and challenges for athletes and summarise
the evidence on assisted reproduction outcomes in female ath-
letes. For this review, elite-level exercise is defined as compet-
ing regionally and above, or exercising to a level comparable
to that of an elite athlete.

2 | Methods

A literature search of Medline, Embase, Google Scholar and
Web of Science was performed using the following key terms:
“athlete*, exercise, sport, menstruation, menstrual distur-
bance, fertility, assisted reproduction, in-vitro fertilisation,
oocyte OR egg freezing, relative energy deficiency in sport”.
Due to the heterogeneity of definitions of elite-level activity,
where possible, the level of athlete or activity in quoted studies
is described.

2.1 | Relative Energy Deficiency in Sport

Understanding REDs is fundamental to appreciating the im-
pact of elite-level athleticism on reproductive function. REDs
was introduced in 2014 to replace the term “Female Athlete
Triad” and encompasses the interrelated health problems sec-
ondary to low energy availability (LEA) [11, 12, 19, 20]. Energy
availability (EA) is calculated by subtracting energy expendi-
ture from energy intake, relative to fat-free mass. EA is optimal
when there is adequate energy remaining to support the body
to maintain health and performance [21, 22]. LEA results from
a mismatch between energy intake and energy expended, and
can occur with or without disordered eating [23]. Not all ath-
letes are at equal risk of REDs; some may encounter episodes
of unintended LEA, such as during periods of intense training,
competitions, or in sports with high energy expenditure or in-
volving weight restrictions [24]. Chronic LEA affects key physi-
ological mechanisms including bone and cardiovascular health,
metabolism, psychological well-being and menstrual and re-
productive function [11]. Indeed, there is an increasing body of
evidence demonstrating that it is LEA, rather than high train-
ing volumes/intensities alone, that is the driver behind repro-
ductive dysfunction [11]. REDs can negatively impact athletic
performance due to reduced muscle strength, decreased endur-
ance, loss of bone mass secondary to oestrogen deficiency, in-
creased risk of musculoskeletal injury and psychological harm
[19, 22, 25]. Despite the significant prevalence and health im-
plications, there remains poor awareness of REDs and its asso-
ciated risks among athletes and their coaches [11, 19, 22, 23].
In particular, there is still a lack of knowledge regarding safe
regulation of body weight and composition [19]. Concerningly,
in 2017, only 7% of international sports federations had a REDs
guideline or programme, or had conducted research in this field
[26]. However, there has recently been an encouraging uptake
in REDs research with over 170 original research publications
since the IOC published their 2018 REDs update [19]. This has
resulted in an updated Physiological Model and crucially, a new
REDs Clinical Assessment Tool to facilitate the detection and

clinical diagnosis of REDs and provide recommendations for
training and competition [19]. This will hopefully address gaps
in knowledge and protect those athletes affected by, or at risk for
developing REDs.

2.2 | Menstrual Dysfunction

Numerous studies have found a higher proportion of menstrual
disturbance among professional athletes compared to the gen-
eral population [6, 27-34]. A recent systematic review examin-
ing the prevalence of menstrual cycle disorders among female
athletes not using hormonal contraception calculated a mean
pooled prevalence of primary amenorrhea, secondary amen-
orrhea, and oligomenorrhea in athletes of 7.1% (n=1260), 16%
(n=1705) and 23.5% (n =894) respectively, with highest rates in
elite/international athletes compared to highly trained/national
and trained/developmental athletes [6]. These rates are higher
than the prevalence of amenorrhoea and oligomenorrhoea in the
general population, 3%-4% and 13.5% respectively. Menstrual
disturbance is particularly common in sports where a lean body
type is considered beneficial to performance [35], with 65% of
long-distance runners and 79% of ballet dancers found to be
amenorrheic [30, 31]. Critically, a number of the above studies
and the papers included in Taim and colleagues' systematic re-
view date from as early as 1981. They therefore may not reflect
modern training, recovery, and nutritional practices and may no
longer be representative of current athletes. Nevertheless, more
recent studies such as this group's work on British track and field
international athletes [32], do continue to find higher levels of
menstrual irregularities in professional athletes compared to
the general population.

As well as oligomenorrhea/amenorrhea, other more subtle men-
strual disturbances, such as anovulatory cycles and luteal phase
defect (LPD) are also more common in exercising women [6, 27].
There is, however, a lack of good quality data regarding this in
athletes [6]. In an observational prospective study investigat-
ing the menstrual status and daily reproductive hormone levels
between sedentary (n=20) and non-athlete exercising women
(n=67), 95.8% of the observed menstrual cycles were ovulatory
in the sedentary group compared to only 50% in the exercising
group. Of the abnormal cycles in the exercising group, 29.2%
were classified as LPD (short, inadequate or both) and 20.8%
were classified as anovulatory [28]. Other studies have quoted
the prevalence of LPD and anovulation in recreational runners
to be between 38% to 64% [36, 37], and 12 to 43% respectively
[12, 36]. Whilst these disturbances may be more subtle, they
have profound implications for fertility. In LPD, for example,
there is decreased receptivity of the endometrium for implanta-
tion of a fertilised ovum or maintenance of early pregnancy due
to insufficient progesterone levels [27]. Additionally, given the
heterogeneity of menstrual cycle lengths, it has been proposed
that LPD may be a more sensitive marker of reproductive dys-
function [27].

Menstrual dysfunction in REDs is due to the effect of LEA
on the HPO axis. LEA causes deficient pulsatile secretion of
gonadotrophin-releasing hormone (GnRH) leading to reduced lu-
teinising hormone (LH) and follicle-stimulating hormone (FSH)
production. These lower FSH and LH levels are not sufficient to
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TABLE 1 | Reproductive implications of low energy availability. Adapted from 2023 International Olympic Committee's (IOC) consensus

statement on Relative Energy Deficiency in Sport [19].

Abnormality

Evidence in sedentary women

Evidence in athletes

Alteration in LH concentrations or pulsatility

Reduced oestrogen and progesterone

Reduced testosterone

Oligomenorrhea/irregular menstrual cycles

Primary amenorrhea

Secondary amenorrhea

Luteal phase defects/Deficiency

Anovulatory cycles

Loucks et al. 2003 [38]
Loucks et al. 1998 [41]
Louks et al. 2006 [43]
Koltun et al. 2020 [45]
Ruffing et al. 2022 [47]
Lieberman et al. 2018 [39]

Lieberman et al. 2018 [39]

Lieberman et al. 2018 [39]
Koltun et al. 2020 [60]
Lieberman et al. 2018 [39]

Baer et al. 1993 [40]
Williams et al. 1995 [42]
Rickenlund et al. 2004 [44]
Ackerman et al. 2013 [46]

VanHeest et al. 2014 [48]
Loucks et al. 1989 [49]
Kaiserauer et al. 1989 [50]
Myerson et al. 1991 [51]
Gibbs et al. 2011 [52]
Tornberg et al. 2017 [53]
Rickenlund et al. 2004 [44]
Gibbs et al. 2011 [52]
Gibbs et al. 2013 [54]
Hulmi et al. 2016 [55]
Freitas et al. 2019 [56]
Weimann et al. 2000 [57]
Kaiserauer et al. 1989 [50]
Myerson et al. 1991 [51]
Gibbs et al. 2011 [52]
Gibbs et al. 2013 [54]
Mathisen et al. 2020 [58]
Reed et al. 2015 [59]
Gibbs et al. 2013 [54]

Gibbs et al. 2013 [54]

Abbreviation: LH, luteinising hormone.

maintain normal ovulatory ovarian function, with consequent
oestrogen deficiency. Table 1 summarises the hormonal changes
observed secondary to REDs and LEA. There is considerable inter-
person variability in the duration and severity of LEA required to
cause menstrual disturbances [22, 38], but evidence suggests that
menstrual disturbance increases linearly as EA decreases [39].
Typically, the cut-off at which EA is likely to perturb bodily func-
tions is < 30kcal/kg fat-free mass (FFM)/day (125kJ/kg FFM/day);
however, this cut-off does not predict amenorrhoea in all women
[22, 39], and may not be translated to menstrual disturbance in
female athletes given the threshold was established in laboratory
conditions in healthy sedentary females [11].

Whilst functional hypothalamic amenorrhoea (FHA) is often
considered the most important cause of amenorrhea among

athletes, other causes of menstrual disturbance, such as polycys-
tic ovarian syndrome (PCOS) and stress should be considered
[44, 61], as well as non-career related factors such as endometri-
osis. As in non-athletes, PCOS is also a common cause for men-
strual dysfunction in athletes [25], with one study of Olympic
athletes finding menstrual dysfunction secondary to PCOS to
be more common than FHA [29]. Whereas both cause men-
strual dysfunction, the clinical picture, hormone profile and
management strategies contrast significantly [62]. Notably, the
two conditions can co-present which may pose diagnostic chal-
lenges [62]. Moreover, in the context of elite sport, PCOS could
enhance physical performance conferred by the hyperandro-
genic hormone profile, compared to the hypo-oestrogenic state
of FHA [25, 63], including the potential for greater muscle mass
and higher bone mineral density.
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2.3 | Fertility

The impact of VIPA on fertility is less well documented.
Although it is recognised that moderate exercise may positively
impact fertility outcomes, above a certain threshold, increasing
intensity of exercise may have a negative effect particularly if
there is insufficient EA [7-10]. The negative impact of VIPA on
female fertility is likely to be multifactorial. Exercising for >
31h per day, associated with an estimated energy expenditure
of 6kcal/min, has been associated with a 6.2-fold increased
risk of infertility [8]. The applicably of this dated study could
be questioned given advances in knowledge on nutrition and
rest. Additionally, exercise patterns were assessed at interview
relying on participants’ recall of their activity over the preceding
year. A more recent 2009 prospective population-based survey
of 3887 women demonstrated that higher frequency, longer du-
ration, and greater intensity of physical exertion were associated
with subfertility [9]. In this study, women who were active on
most days were 3.2 times more likely to have fertility problems
than inactive women, and women exercising to exhaustion were
2.3 times more likely, compared to women doing low-intensity
activity. This clearly has implications for professional athletes
who despite rest days will be active on most days. Another ob-
servational prospective cohort study of 3628 women trying to
conceive, assessed the influence of PA on time to pregnancy and
fecundability rates. A dose-response inverse association was
observed between VIPA and fecundability, with the fecund-
ability ratio defined as the cycle-specific probability of concep-
tion among exposed women divided by that among unexposed
women, which was maintained within subgroups for age, parity
and cycle regularity, but, interestingly, not among women with
a body mass index (BMI) >25kg/m? [10]. It also found that lean
women who substitute VIPA with moderate PA may improve
their fertility. Both studies rely on questionnaires to assess PA,
which whilst validated, will inherently include measurement in-
accuracies and limit the quality and reliability of the findings. A
recent meta-analysis, including seven prospective cohort studies
in the general population demonstrated that high-intensity PA,
equating to a metabolic equivalent of task (MET) score or > 3000
if the studies included this measure, or VIPA with high fre-
quency or moderate PA for a long time weekly, enough to make
people feel tired and weak and of a level that it has a “certain
impact on normal life”, was negatively correlated with fertility
[odds ratio (OR)=0.84; 95% confidence interval (CI) 0.70-1.00,
I?=64%] [7]. There was, however, no such association between
moderate intensity PA (>500 MET but <3000, or a level of PA
with no impact on normal life) and fertility (OR=1.09; 95% CI
0.98, 1.22, I’=60%). Whilst the authors do not comment on the
individual included studies and whether there was any assess-
ment of EA or any reference to nutrition or recovery, they do
however discuss LEA as a mechanism for their findings.

Evidence exists to suggest a positive impact of both moderate
and, in contrast to the above, intense PA on fertility outcomes. In
the aforementioned 2009 prospective population-based survey,
there was a decreased risk of infertility in those whose exercise
was moderate (16-30 and 30-60min compared with the short-
est duration, <15min). Additionally, women with the highest
subjective intensity of PA, rated as exercising “to exhaustion” at
baseline, had the lowest frequency of continuing nulliparity and
the highest frequency of having >3 children during follow-up

(p<0.05) [9]. Similarly, the study of 3628 women trying to con-
ceive found a weak positive association between moderate PA
of >5h per week and fecundability compared to low PA of <1h
per week (> 5 vs. <1h per week: fecundability ratio 1.18, 95% CI
0.98-1.43) after adjustment in both groups for PA types [10]. A
large prospective study demonstrated that an increase in vigor-
ous activity (hiking, running, cycling, aerobic dancing, swim-
ming or tennis > 7 h per week) was associated with a reduced
relative risk of ovulatory infertility [64]. This effect was time-
dependent, with each hour per week of vigorous activity, up to
7h, associated with a 7% lower relative risk (RR) of ovulatory
infertility (95% CI 4%-10%). Even when adjusted for BMI, there
remained a 5% reduced risk of ovulatory infertility. Whilst the
exercise was classified as vigorous, the duration per week is
not extrapolatable to elite athletes, who will typically exercise
well over 7h per week [65], albeit at varying levels of intensity.
Evidently other factors such as smoking status, other health
conditions and alcohol consumption need to be accounted for
as these may also have an impact on fertility, particularly in
the general population. These may however be less pertinent in
professional athletes who may not have such variability in these
factors by the nature of their career choice, but are all likely to be
at risk of REDs to varying degrees.

Studies focusing on fertility outcomes specifically among
elite-level athletes also show conflicting findings and are
often poor quality with small cohort numbers [66-69]. Indeed,
Davenport's group only identified 11 studies of “low” and
“very low” quality, primarily due to their observational na-
ture, in their meta-analysis on pregnancy outcomes in elite
athletes [70]. A cross-sectional study of 137 long-distance run-
ners competing at a national level found that just 8% required
treatment for infertility [66]. Whilst this appears lower than
the background risk of infertility in the general population
where one in seven couples are infertile [71], the main factors
related to infertility treatment were age at the onset of preg-
nancy (p=0.047) and higher BMI during their athletic career
(p=0.032; OR 2.19). Crucially, amenorrhea or being under-
weight during their athletic career was not associated with
reported problems related to conception. Findings from a sur-
vey of Japanese professional athletes who became pregnant
after retirement (n=613) found the fertility treatment rate
was 11.9%, with significantly higher rates of fertility treat-
ment in athletes with abnormal than normal menstrual cycles
(17.1% vs. 10.2%, p=0.0225). Multivariable logistic regression
analysis demonstrated that maternal age (adjusted [OR] 1.194;
95% CI 1.129-1.262) and abnormal menstrual cycles were the
relevant factors for infertility treatment [67]. A retrospective
cohort study found no difference in fertility levels between
34 Norwegian athletes and 34 matched physically active con-
trols (> 150 min per week for twoyears) [68]. The authors con-
cluded that elite-level activity does not impair fertility but only
included athletes who eventually became pregnant in the five
preceding years, automatically excluding athletes with long-
term sub/infertility, which may have been a consequence of
their intense exercise regimes. Interestingly, the athletes high-
lighted a lack of advice related to energy and nutrition intake.
Whilst the authors compared rates of body dissatisfaction and
desire for thinness pre and post-pregnancy, as well as rates
of eating disorders prior to or during pregnancy (present in
12% athletes and 3% of controls), there was no assessment of
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the athletes’ and controls’ EA/nutrition intake. A study of 30
pregnant elite Finnish endurance athletes found 23% had pre-
ceding amenorrhea or oligomenorrhea; however, the mean
time interval from ending contraception to the beginning of
pregnancy was only 1.7 months (range 0-7) [69]. The authors
concluded that menstrual disturbance does not affect fertility,
but again, this study is subject to considerable selection bias,
as only athletes who became pregnant were included. Again,
there was no analysis of EA or comment on nutrition or re-
covery, although the authors do acknowledge that exercise-
associated infertility is usually reversible with reduction of
training or weight gain, addressing that inadequate nutrition
plays a key role. All studies involved self-reported evaluation
of PA either by questionnaire [66, 67, 69] or interview [68],
again limiting the accuracy and reliability of the evidence.
Clearly, more high-quality data on the impact of elite-level
training on fertility is required, with a particular focus on the
role of nutrition and adequate recovery, especially in athletes
with menstrual disturbance.

2.4 | Conflict Between Peak Ovarian Reserve
and Oocyte Quality and Peak Athletic Performance

There is a wealth of evidence to demonstrate increasing age
reduces both the chance of spontaneous pregnancy and the
success of assisted reproductive techniques (ART), as well as
increasing the rate of pregnancy loss, due to the reduction in
ovarian reserve and oocyte quality [72-75]. This is due to an
exponential decrease in oocyte quality and quantity from the
mid-thirties onwards [72-75]. An American prospective co-
hort study which recruited women between 30 and 44 years,
attempting to conceive for <3 months with no known history
of infertility, PCOS or endometriosis found a significant reduc-
tion in fecundity with age. Compared to women aged 30 to 31,
fecundability rates were reduced by 14% in women aged 34-35
(fecundability ratio [FR] 0.86, 95% [CI] 0.68-1.08), increas-
ingly steadily up to a 59% reduction in women aged 42-44 (FR
0.39, 95% CI 0.16-0.93) [73]. Given the general trend towards
delaying childbearing, with the average maternal age of moth-
ers in England and Wales increasing from 26.4 years in 1973 to
a record high of 30.9years in 2021 [76], it is unsurprising that
deferring conception into the late thirties risks involuntary
childlessness [13].

A major consideration for women wanting to have children is
timing, and the impact pregnancy, maternity leave and moth-
erhood may have on their career [77, 78]. These reproductive
dilemmas are amplified for athletes, who often have a short ca-
reer lifespan and fixed competition timings [77]. Furthermore,
the optimal age for fertility is likely to coincide with the age of
peak performance for many athletes [2, 77, 78], who have an in-
creased tendency towards being affected by REDs-related men-
strual cycle changes or amenorrhea and impaired fertility [1, 13].
This is becoming more significant because the age at which fe-
male athletes reach their peak performance has increased in the
last 20-30years. The average age of an elite female tennis player
and football player is now 26years and 26.8years compared to
20-22years and 23years in 1991 respectively [79]. The age of
peak performance also varies by discipline, with the average
age of rhythmic gymnasts (youngest), swimmers, tennis players

and equestrians (oldest) at the Tokyo Olympics being 20, 22, 28
and 36years old respectively [80]. In sports that require explo-
sive movements or power, the peak age is lower, ranging from 20
to 30years of age [14, 15]. Conversely, in endurance sports, the
peak performance age is older at 25-35years, with peak perfor-
mance age increasing with increasing event distances [16].

There are broadly three options for female athletes wishing to
have children as outlined in Figure 1; firstly, to have children
during their sporting career, secondly to wait until after they
have retired from competitive sport, or thirdly to choose alter-
native routes to parenthood, such as surrogacy or adoption. For
those wishing to delay childbearing until after they have retired,
some may consider oocyte or embryo-freezing during their
competing years as a means of mitigating age-related fertility
decline which they may encounter when attempting conception
at a later age. A recent systematic review including 29 studies
identified the key barriers and enablers experienced by elite
athletes during preconception and pregnancy which are critical
to understanding why athletes may make certain reproductive
choices [78]. The most common barriers were lack of availabil-
ity of evidence-based information, lacking support from sports
organisations and the attitudes, perceptions and beliefs of the
athlete and society. The most common enablers were family
support, athletes' perceptions and beliefs, and specific athletes’
strategies to manage the demands of preconception and preg-
nancy such as modifying training.

An increasing number of athletes continue elite-level sport par-
ticipation during and following pregnancy [2]. For those who
choose to proceed with starting a family during their sport-
ing career, they would likely have a period of reduced or non-
competitive participation [77]. This may be more impactful for
short distance and power athletes, whose duration of peak per-
formance are shorter [14, 15]. A study on elite (competing in na-
tional or professional team) Scandinavian cross-country skiers'
views on motherhood to better understand how female athletes
balance their priorities as they initiate, maintain and/or discon-
tinue their role as a “maternal athlete” found those who had
achieved competition success early in their careers were more
likely to feel comfortable to have a family during their career
with less concern regarding the risk of a potential reduction in
performance, or even discontinuation of their competitive ca-
reer, than those who might achieve success at a later age [77].
The impact and length of a break was a concern. Indeed, a study
of world-class marathon runners found maternity career breaks
varied from nine to 94 months [81]. Notably, 26 runners (70.28%)
establish their best performances after having children, at an
average age of 32.20+4.28, including the runner who took the
longest break. This shows success is possible and even likely fol-
lowing childbirth. Besides the physical implications, other fac-
tors athletes may consider if choosing to have children during
their sporting career is the societal stigma, financial implications
and sponsorship deals and the lack of support from governing
organisations [78]. It is incumbent on sport governing bodies,
teams and sponsors to produce clear and supportive policies for
women who choose to become pregnant during their sporting
career. Encouragingly, an increasing number of International
Federations have developed policies to support continued par-
ticipation by pregnant athletes, as well as those who resume
training and competition after childbirth [2].
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Female athletes who chose to or feel they have no choice but
to conceive after retirement may encounter age-related fertil-
ity concerns [67, 77, 78], This may pose a particular issue for
those with a later peak performance age and subsequent later
retirement, such as endurance athletes or those participating in
team events/sports. A survey of Olympic athletes, including 158
women found team sports athletes retired later than individual
sports athletes (31.8 +5.1 versus 27.7 + 6.8 years; p <0.001) [82].
Tennis, for example, sees women competing into their thirties
and in the case of Serena Williams, up to 40 [79]. Delaying child-
bearing until retirement could have significant consequences
in terms of chances of conception due to the number and qual-
ity of eggs available at this age. However, the opportunity for
a longer competing career potentially allows for more time to
consider starting a family within training and competition. In
a survey of 74 retired competitive Canadian national team row-
ers and rugby players, who competed between 1976 and 2019,
the average age of retirement was 29 (+4) years [83]. Only three
athletes gave birth during their competitive careers and six (8%)
were unable to conceive. Of the 47 who delivered at least one
child, 6 (8%) required fertility treatments. Interestingly, of the 17
respondents who had reached menopause, the mean age of first
symptom onset or diagnosis of menopause was 48.2+ 3.3 years,
2years younger than the general Canadian population mean age
of natural menopause of 51years. Whilst this study sample is
too small to make any significant conclusions, it highlights the
potential issues athletes may encounter with delaying childbirth
until after competition and suggests competing at a national
team level may have an impact on reproductive aging. It is also
important to consider obstetric implications associated with be-
coming pregnant at advanced maternal age [84, 85].

Some athletes may decide to undergo fertility preservation, by
freezing oocytes or embryos, whilst working or during a break
from competition and subsequently use them following retire-
ment. Although the process is associated with physical risk and
emotional burden, evidence suggests that a minority of women
undergoing elective oocyte cryopreservation experience signifi-
cant physical or emotional side effects [86]. In a cross sectional
survey of 94 women from the general public who underwent
elective oocyte cryopreservation, just 3% reported they were
bothered to an ‘extreme’ amount due to the physical side effects
of treatment and 14% were bothered ‘very much’, whereas 49%
were bothered ‘a little’ or ‘not at all’ [86]. As such, it is likely
that most athletes would be able to continue to train, to prevent
deconditioning during a treatment cycle. However, athletes spe-
cifically performing explosive or acrobatic movements, should
consider the increased risk of torsion in stimulated ovaries [87],
and should amend their training accordingly during treatment
cycles. Crucially, there are no clinical guidelines or sports feder-
ation policies to support sports medicine teams and athletes in
making these decisions [2]. Encouragingly however, UK Sport's
recent Pregnancy Guidance and Support for UK Sport Funded
athletes does include a small section on assisted fertility and egg
freezing [88]. It is important to consider that delaying childbear-
ing using such techniques does not guarantee future success,
and risks athletes potentially not meeting their reproductive
aspirations from the finite number of oocytes stored, with a
much lower chance of success with subsequent cycles at an older
age. Indeed, a recent meta-analysis which included 10 studies
from 1999 to 2020 in which 8750 underwent planned oocyte

cryopreservation, the live birth rate (LBR) per patient was 28%
(95% CI of 0.24-0.33 (I>=92%)), although this increased to 52%
(95% CI 0.41-0.63, I>’=7%) for those who cryopreserved their
oocytes <35years old [17]. It is also important to note the low
utilisation of cryopreserved oocytes. In the same study only 1517
women returned to use their oocytes with a return rate of 11.1%
(£4.7%). In the event of spontaneous conception or opting to not
have a family, the treatment, its implications for training and
the cost could be viewed as unnecessary. Nevertheless, data as-
sessing regret among women electively cryopreserving oocytes
demonstrated low rates of regret, with the most common rea-
sons for regret being storing a suboptimal number of oocytes,
and the associated financial expense [89].

2.5 | Treatment of Infertility in Elite Sportswomen

In their latest statement, the IOC published a Clinical
Assessment Tool outlining strategies for the prevention and
treatment of REDs [19]. The IOC emphasises the need for a com-
prehensive team approach including sports medicine, nutrition,
psychology, and sports science personnel, together with coach
and family engagement. Clearly, the primary method to restore
REDs-related subfertility is to address the underlying cause and
restore an equal energy balance; however, restoration of nor-
mal ovulatory function may take many months after a positive
energy balance is restored [90]. Nevertheless, as demonstrated
throughout this review, the fertility challenges for athletes are
not limited to REDs and, given the conflict between the ages of
peak reproductive potential and optimal performance, as well as
the potential long-term implications of years of VIPA, athletes
require proactive consideration of their reproductive plans, and
some may need to undergo fertility treatment. Additionally, as
oocyte freezing is becoming more prevalent [17], more athletes
may consider this as an option for increasing their chances of
conception if they choose to start a family after retirement from
competition. Hence it is important to understand and to be able
to counsel athletes on three key aspects: the impact of age on
reproductive outcomes, the influence of VIPA upon assisted
reproduction outcomes and finally, the implications of fertil-
ity treatments, including the time requirements, the potential
risks and impact upon training and performance, as well as the
medications involved and whether they are compliant with anti-
doping regulations.

Before any fertility treatment is considered, it is important that
attempts are made to correct any negative EA by increasing
calorie intake and reducing energy expenditure, aiming for a
BMI >18.5kg/m? [13]. The ‘REFUEL randomised controlled
trial (RCT) including 76 exercising women (>2h per week of
purposeful exercise) with oligo- or amenorrhea demonstrated
that a modest increase in daily energy intake (330 + 65kcal/day;
18% + 4%) is sufficient to induce menstrual recovery [91]. Clearly
this study is limited by its small sample size and its applicabil-
ity to athletes who would be exercising at a higher level is de-
batable, yet it does demonstrate the impact of correcting LEA.
Achieving a healthy BMI is also necessary to mitigate the poten-
tial increased risk of adverse obstetric and neonatal outcomes
associated with low maternal weight [92], such as pregnancy
loss, preterm labour [93], lower birth weight [94] and need for
caesarean section [95].
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TABLE 2 | World anti-doping agency prohibited fertility treatments
[98].

S1 Anabolic agents
- Testosterone
- DHEA

S2 Peptide hormones, growth factors, related substances and
mimetics
- Growth hormone + analogues

S4 Hormone and metabolic modulators
- Letrozole

- Clomifene

- Insulins and insulin-mimetics

S9 Glucocorticoids
- Prednisolone

Abbreviation: DHEA, dehydroepiandrosterone.

The type of fertility treatment that may be required for elite
athletes depends on the underlying cause of infertility. Athletes
with REDs and FHA that have not responded to lifestyle
changes may require ovulation induction. As typical agents
used in ovulation induction, such as clomiphene and letrozole
will not work in FHA due to low oestrogen levels, exogenous go-
nadotrophins should be used instead. However, in athletes with
PCOS, ovulation induction with clomiphene or letrozole could
be considered. It is crucial to be aware that clomiphene and
letrozole are World Anti-Doping Agency (WADA) prohibited
due to their potential to increase testosterone production, which
may confer a performance advantage [25, 63]. An athlete would
therefore need a Therapeutic Use Exemption (TUE) certificate,
which can be difficult to acquire [96], and may add further anx-
iety to an already stressful process. Exogenous gonadotrophins
and ovulation triggers such as human chorionic gonadotrophin
(HCG); however, are WADA compliant, so should be favoured
where safe [97]. Notably, all forms of ovulation induction, and
gonadotrophins in particular, have a risk of multiple pregnancy
secondary to multi-follicular growth, and ovarian hyperstimu-
lation syndrome (OHSS). Additional oestrogen supplementation
may be required if the endometrial lining remains thin during
the process, and following ovulation, extra luteal phase support
should be considered due to the increased risk of LPD seen in
this population.

If ovulation induction with timed intercourse or intrauterine
insemination is unsuccessful, or if the cause of infertility is
not anovulatory, in vitro fertilisation (IVF) may be necessary.
Controlled ovarian stimulation should be undertaken using
gonadotrophins, as per standard protocols, without additional
concern. Whilst the usage of medications including LH, GnRH
agonists, and HCG are prohibited in men, this is not the case in
women. However, there are numerous medications used as part
of fertility treatments which are WADA prohibited in women, so
it is essential clinicians are aware of these whilst making treat-
ment plans for female athletes. Table 2 lists commonly used fer-
tility treatments that are WADA-prohibited.

Letrozole has a growing number of clinical indications in repro-
ductive medicine, due to its ability to reduce serum oestradiol
levels by inhibiting aromatase activity. In ovarian stimulation,

a recent systematic review demonstrated that letrozole co-
treatment significantly increased LBR in poor responders by 7%,
with less gonadotrophin consumption [99]. In normal respond-
ers, significantly more oocytes were retrieved, but there was no
impact upon LBR. Despite this potential, aromatase inhibitors
such as letrozole are WADA prohibited at all times, owing to
their ability to mask the side effects of anabolic steroids [97].

Other medications, such as dehydroepiandrosterone (DHEA),
growth hormone (GH) and prednisolone have more limited ev-
idence for their use, yet are worthy of discussion due to their
potential athlete-specific implications. DHEA is an androgen
which is a precursor to testosterone and oestrogen. Both DHEA
and testosterone usage are WADA prohibited at all times [97].
In the context of fertility treatment, DHEA has been shown to
increase oocyte yield, fertilisation rates, embryo quality, and
clinical pregnancy rates (CPR) in poor responders undergoing
IVF [98, 100, 101], although other studies did not show such an
improvement [102-104]. A 2015 Cochrane review summarised
17 RCTs, 15 of which were undertaken in poor responders, com-
paring DHEA or testosterone co-treatment with placebo or no
treatment [105]. DHEA and testosterone use were both associ-
ated with a higher LBR compared to placebo or no treatment
(OR 1.88, 95% CI 1.3-2.71, 8 RCTs, I> —27%) and (OR 2.6, 95%
CI 1.3-5.2, 4 RCTs, I?> —0%, respectively). However, there was
no statistically significant difference for both treatments when
trials with high risk of bias were excluded. More recently, a
meta-analysis of 7 RCTs using testosterone co-treatment in poor
responders, compared to placebo or no treatment, found that
testosterone co-treatment significantly increased the number
of oocytes retrieved and embryos created, as well as CPR and
LBR [106].

GH has been shown to play a modulatory role in folliculogene-
sis. It regulates the effect of FSH on granulosa cells by increasing
the synthesis of insulin-like growth factor 1, thereby promoting
follicular development and oocyte maturation. A 2010 Cochrane
review including 10 RCTs, four of which specifically focused on
poor responders, demonstrated a significant increase in CPR
but no improvement in LBR [107]. Since then, further RCTs
have been conducted in poor responders. The largest study, un-
dertaken in 240 women who met the Bologna criteria for poor
ovarian response, showed that those who had co-treatment with
GH required less stimulation, had a shorter duration of stim-
ulation and had more oocytes collected, but there was no im-
provement in LBR [108]. A further double-blinded RCT found
that those who received GH were more likely to go ahead with
oocyte retrieval but in the absence of any improvement in LBR
[109]. However, a recent systematic review and meta-analysis,
which included 25 studies, 17 of which were in poor responders,
demonstrated an improvement in endometrial thickness and
morphology, as well as superior CPR and LBR, in those women
who received GH supplementation [110]. Owing to its anabolic
effect, GH is prohibited by WADA at all times.

Prednisolone also has a role in fertility treatment. It promotes
trophoblast proliferation and invasion, normalises cytokine
expression and uterine natural killer (NK) cell activity, and
stimulates HCG secretion [111, 112]. The impact on NK cells
is of particular interest given the association between elevated
proportion and cytotoxicity of peripheral blood NK cells and
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infertility and IVF failure [113, 114], as well as a correlation
between an increased number of uterine NXK cells in the mid-
secretory phase and the occurrence of unexplained recurrent
miscarriage (RM) [115, 116]. Whilst a recent Cochrane review
of 16 RCTs showed no beneficial evidence of peri-implantation
corticosteroids for clinical outcomes among the general IVF
population [117], a meta-analysis of five RCTs demonstrated
that prednisolone therapy improves outcomes in women with
idiopathic RM (LBR: RR 1.58, 95% CI 1.23-2.02; miscarriage
rate: RR 0.42, 95% CI 0.28-0.61) [118]. Results are less encour-
aging in those with recurrent implantation failure (RIF) with a
recent RCT assessing whether 10mg of prednisolone improved
the chance of achieving a live birth in women with RIF com-
pared to a placebo showing no difference (LBR 37.8% vs. 38.8%
[95% CI —8.1%—6.1%]; RR 0.97 [95% CI 0.81—1.17]; p=0.78) [119].
Importantly, all oral glucocorticoids, including prednisolone,
are prohibited during competition [97].

Assuch, whilst there are numerous WADA prohibited treatments
offered for a variety of indications during fertility treatment,
consideration of the potential benefit is required to determine if
they warrant TUE application, and whether it would be granted.

2.6 | Assisted Reproduction Outcomes in Elite
Sportswomen

Despite ARTs being particularly relevant to female athletes,
there frustratingly remains a paucity of literature in this field.
Although there is evidence that light to moderate exercise im-
proves IVF outcomes [120, 121], this is likely to be up to a cer-
tain point, beyond which intense PA may have a negative effect.
A systematic review and meta-analysis of eight studies in the
general population (n=3683) investigating couples undergoing
IVF found that CPR and LBR in physically active women were
significantly higher than those in physically inactive women
(OR=1.96, 95% CI 1.40, 2.73, I?’=42% and OR=1.95, 95% CI
1.06-3.59, I>=82%, respectively) [122]. Notably, in three of the
studies included in the meta-analysis, physically active women
exercised for >2.5h per week. However, for women who exer-
cise more intensely, a negative association is seen. One study
found that women having IVF who exercised >4 h per week for
between one and 9years were 40% less likely to achieve a live
birth, had a three-fold increased risk of cycle cancellation, and
had double the risk of miscarriage [60]. A more recent systematic
review and meta-analysis which included a further four studies
in addition to Rao et al.'s meta-analysis concluded that the effect
of PA on LBR was uncertain (OR 1.15, 95% C10.92-1.43, p=0.23,
I2=61%, 9 studies), but PA significantly improved CPR following
ART (OR 1.39, 95% CI 1.08-1.79, p=0.0009, I? = 68%, 10 studies)
[123]. Whilst data from those exercising at the highest levels in
these studies can be extrapolated to professional athletes, clearly
the exact level and intensity of exercise will differ, including
other confounders such as rest, sleep, and nutrition.

Regarding IVF success following retirement from competi-
tion, a cross-sectional study was performed in former national
level long-distance runners to determine if future fertility was
affected (n=137) [66]. Whilst 94 athletes (66.4%) had a history
of amenorrhea, only 11 participants (8.0%) received infertility
treatment, which is lower than the national average for Japan

at the time of publication. Of those who had treatment, six had
been amenorrheic, and nine conceived (77.8%). Clearly, it is dif-
ficult to draw conclusions from one study with small participant
numbers and little information on IVF outcomes; however,
these findings do suggest that fertility treatment is successful
for retired athletes.

Importantly, there are additional risks associated with pregnan-
cies following IVF and pregnancies with advanced maternal
age, and these must be considered with the risks and restrictions
associated with pregnancies in elite athletes [124]. It is crucial to
make athletes aware of these pregnancy risks when counselling
them regarding their reproductive choices.

3 | Conclusion

There is sufficient evidence to suggest that exercising at an elite
level has a negative impact on menstrual function and can cause
higher levels of anovulation and LPD. The impact on fertility is
less clear cut. There may be a potentially detrimental effect, par-
ticularly in those athletes with menstrual disturbance, OR how-
ever, other evidence suggests no or a positive impact. Drawing
conclusions from the existing data remains a challenge due to the
small sample sizes and frequent reliance on study participants to
self-report exercise frequency and intensity in questionnaires or
interviews. Whilst for some athletes, re-establishing menstru-
ation and fertility may be a matter of restoring energy balance,
others may require fertility treatment. Some fertility treatment
involves medications that are WADA prohibited; therefore,
treatment customisation is necessary for elite sportswomen.
Athletes who choose to start their family following retirement
from professional sport may encounter age-related reproductive
decline. Elite sportswomen therefore face a reproductive di-
lemma between reproduction and competition planning. Sport
governing bodies, teams, and sponsors must establish policies
to support athletes in reproductive planning, as well as fostering
supportive environments with flexible training requirements for
athletes during fertility treatment and pregnancy. Additionally,
athletes should be given evidence-based information regarding
their reproductive health. Elective oocyte or embryo cryopres-
ervation may be considered by athletes who plan to achieve
pregnancy after their sporting career. Currently, women remain
underrepresented in exercise-related research, and there is in-
sufficient evidence regarding assisted reproductive outcomes
in athletes. Further primary research should focus on athletes
across a wide range of disciplines with objective measures of ac-
tivity frequency and intensity, as well as rest and nutrition.
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