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Resumo

A presente dissertacdo teve como objetivo investigar o impacto de
sessoOes de treino e de jogos oficiais, realizados em diferentes locais e horas do
dia na atividade da funcdo autonomica cardiaca e nos padrdes do sono em
jogadoras do futebol feminino de diferentes niveis competitivos (elite e
semiprofissionais), durante a época desportiva e durante um torneio
internacional. No primeiro estudo, foi investigada a sensibilidade da variabilidade
da frequéncia cardiaca (VFC) noturna para avaliar os efeitos de sessdes de
treino realizadas a noite na funcdo autonOmica cardiaca em jogadoras
semiprofissionais de futebol. Apesar dos treinos realizados a noite né&o
parecerem influenciar as slow-wave sleep episode (SWSE) e os indices da VFC
analisados hora-em-hora, ambos os métodos (SWSE e indices da VFC
analisados hora-em-hora) mostraram ser medidas de VFC confiaveis, sugerindo
que a VFC durante a noite podera ser sensivel (ex. alta capacidade de resposta
interna) a resposta aos treinos e jogos. Dado que no primeiro estudo os padrdes
de sono ndo foram quantificados através de métodos objetivos, como a
actigrafia, foram realizados dois estudos observacionais e longitudinais
adicionais em que foram incluidos estes métodos, para avaliar o sono e a VFC
noturna em jogadoras semiprofissionais de futebol. Estes estudos permitiram
concluir que o horéario das sessdes (sessfes de treino realizadas a noite e os
jogos realizados durante o dia) e o local dos jogos (jogos em casa vs. fora de
casa) podem causar perturbacdes no padrao de sono e/ou na atividade da
funcdo autonémica cardiaca em jogadoras de futebol.

Finalmente, considerando a importancia da abordagem individualizada na
analise do sono e da VFC noturna apos cargas de treino e de jogo, foram
realizados um quarto (jogadoras de elite) e quinto (jogadoras semiprofissionais)
estudos, focando-se especificamente na analise individual da VFC e dos padrdes
de sono. Os resultados destes estudos revelaram uma consideravel variagdo
individual no sono e da VFC, assim como das cargas de treino e de jogo,
informacéo que deve ser considerada na prescricao de sessdes de treino e/ou

jogos.

XXI



Os resultados da analise observacional da funcdo autondmica cardiaca
noturna, dos padrdes de sono, e das cargas de treino e de jogo em jogadoras de
futebol realizada na presente tese, podem auxiliar treinadores e profissionais
clinicos a identificar perturbacdes da VFC e do sono apos treinos e jogos de
futebol, o que devera constituir-se como informacdo relevante aquando da

prescri¢ao individual de cargas de treino e do tempo de jogo no futebol feminino.
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Abstract

The present thesis aims to investigate the impact of training sessions and
official matches performed at different times of the day and in different locations
on autonomic cardiac function and sleep patterns of female soccer players from
different competitive levels (elite and semi-professional), during competitive in-
season and during an international tournament. The first study investigated the
sensitivity of nocturnal heart rate variability (HRV) to evaluate the effects of late-
night soccer training sessions on nocturnal autonomic cardiac function of semi-
professional female players. Although late-night soccer training did not appear to
affect slow-wave sleep episodes (SWSE) and “hour-by-hour” HRV indices
analysed, the implementation of both methods resulted in reliable HRV
measures, suggesting that overnight HRV could be sensitive (i.e., high-internal
responsiveness) to training and matches responses in female soccer players.
Since in the first study sleep patterns were not quantified using objective methods
such as actigraphy, we conducted two additional observational and longitudinal
studies, where these methods were included to assess nocturnal HRV and sleep
in semi-professional female players. These studies led to the conclusion that the
training and match schedule (i.e., night-training sessions and day matches) and
match location (i.e., home-matches vs. away-matches) may cause disruption in
sleep patterns and/or in autonomic cardiac activity.

Finally, and considering the importance of an individualized approach in
the analysis of sleep and nocturnal HRV from training and match load, a fourth
(with elite female players) and fifth (with semi-professionals female players)
studies were conducted focusing on individual HRV and sleep patterns. The
results of these studies revealed a substantial individual variation in sleep and
HRYV, as well in training and match load, information that should be considered
when prescribing training sessions and/or matches in women’s soccer.

The results of the observational analysis of nocturnal cardiac autonomic
function, sleep patterns, and training and match load in female soccer players
conducted in this thesis may help coaches and clinical practitioners to identify

HRV and sleep disorders after training and matches, which may constitute

XX



relevant information to individually prescribe training load and playing time in

female soccer players.
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1. General introduction

The popularity of women’s sport has increased greatly worldwide over the
last few decades. Consequently, the number of international competitions, and
professional and recreational sports leagues for women of various age groups,
has also increased. This has provided a large number of women with new
opportunities to train and compete in sports.

Despite the increased popularity and professionalization, there is still
limited scientific research specifically conducted with female athletes compared
to their male counterparts, especially in areas related to performance
enhancement, fatigue and recovery in different match and training scenarios. For
example, in some countries most of the female athletes (professional and non-
professional) usually start training sessions at very late hours, close to bedtime
sleep, due to their daily life commitments (e.g., job, university). In this scenario,
optimizing recovery is required to reduce the risk of transitioning into a state of
excessive fatigue as well as to reduce the risk of injury.

The present thesis starts by describing the impact of training sessions and
official matches performed at different locations, times of the day and phases of
the season (in-season and international tournament), using non-invasive and
time-efficient equipment to monitor autonomic cardiac function and sleep patterns
in female soccer players. Therefore, it was adopted a “real-world scenario” to
grant high ecological validity to the studies presented in the thesis. In this chapter,
it is presented the rationale for performing the series of observational/descriptive
studies included in the thesis. On the next pages, we will review the current

literature in order to develop a theoretical basis for our work.

1.1. Activity profile and physiological demands of female soccer

The growing popularity of female soccer in recent years has contributed to
an increase in scientific investigations related to the physical and physiological
characteristics of female soccer players. Female players now can train and

compete in professional settings, which has given rise to an increase in the



performance expectations placed upon players, and subsequently a need for
specific scientific research that could assist in enhancing performance.

Soccer training and match-play impose a range of demands on players,
who must have or acquire the necessary capabilities to cope with the specific
physical load. During training sessions and matches, high physical demands are
imposed on players through performance of technical skills and drills. High levels
of activation of different muscle groups are required during body acceleration and
deceleration during sudden changes of direction, as well as during explosive
jumps and in actions demanding physical contact between players. The repetition
of these movements leads to potential decreases in player performance, in a
particular action or set of motor actions (Reilly & Ekblom, 2005).
Comprehensively, decrements in performance occur more markedly when the
players are required to compete and train repeatedly with very short recovery
periods (Dupont et al., 2010).

This occurs, especially, in elite soccer players that are constantly exposed
to multiple high physiological demands due to an elevated number of training
sessions and matches played in National and international competitions, often
with congested match calendars (King & Duffield, 2009). In this context (national
and international competitions), the knowledge of the match physical and
physiological demands, as well as the induced fatigue is of paramount
importance to define and optimize recovery strategies to improve player’'s
physical capacities and minimize performance impairment (Bangsbo et al., 2006;
Brink et al., 2011; Dupont et al., 2010).

Female national team players and those competing in the highest
domestic leagues are between 20-27 years old, 1.61-1.70 m in stature, weighing
57-65 kg, with a body fat percentage of 14.6—-20.1 % and lean muscle mass of
45.7 = 3.9 kg (Andersson et al., 2010a; Andersson et al., 2010b; Castagna &
Castellini, 2013; Gravina et al., 2011; Krustrup et al., 2005; Krustrup et al., 2010).
The height and body mass of elite female players have remained stable over the
last decades; however, percentage body fat is now lower than previously
observed (20.8-22.0 %) (Davis & Brewer, 1993). These alterations in body



composition likely reflect increased training volume and improved access to
support staff such as nutritionists and fithess coaches.

Successful evaluation of the physical demands placed upon soccer
players requires accurate assessment of both internal and external match
demands (Gaudino et al., 2015). Accordingly, the use of wearable technology
such as global positioning system devices, simultaneously with heart rate (HR)
monitoring, is common in elite sports to monitor the external and internal loads
that athletes are submitted to in order to assess movement and physiological
demands, respectively (Halson, 2014a). Studies using global positioning system
technology found that elite and sub-elite female soccer players cover a total
distance of around 8-11 km during a match, ranging between 108-119 and 96—
107 meters per minute of play (m/min) for elite and sub-elite players, respectively
(Andersson et al., 2010b; Bradley et al., 2014; Hewitt et al., 2014; Mohr et al.,
2008; Ramos et al., 2019; Trewin et al., 2018; Vescovi & Favero, 2014), while
sprinting and high intensity running constitute 8-12% of the total distance
covered (Andersson et al., 2010b; Bradley et al., 2009; Gabbett & Mulvey, 2008;
Krustrup et al., 2005; Mohr et al., 2008). Competition level is also important as
female players perform more repeated sprint bouts during international matches
than in national league matches (Datson et al., 2014). Additionally, female
players complete more high-speed running (13 %) and sprinting (14 %) when
playing an international match than in a national match (Andersson et al., 2010Db).
Accordingly, Gabbett and Mulvey (2008) found that the total distance covered
was 9968 + 1143 m in international competitions. The authors also reported that
during international matches players spent 16 % of total match time standing, 50
% walking, 27 % jogging, 8 % running at high intensity, 5 % striding, and 3 %
sprinting. Very similar results were found by Krustrup et al. (2005) who stated that
female players spent 16 % of time standing, 44 % walking, 34 % in low intensity
activity, and 5 % running at high intensity. However, there was a wide range of
movement patterns dependent on the player’s position.

The cardiovascular workload during a female soccer match is relatively high
and variable between players (Andersson, 2010). HR measurement is often used

as an indirect measure of exercise intensity and applied to examine the internal



load of players during training or competition (Datson et al., 2014). For instance,
the amount of time spent in different intensity zones based on the percentage of
maximum HR (HRmax) is useful to quantify internal match load (Bendiksen et al.,
2013). According to Andersson et al. (2010b) and Krustrup et al. (2010), average
HR (HRmean) and peak HR (HRpeak) can reach 86 + 3 % and 98 + 1 % of HRmax,
respectively. This is an indication that female players experience high aerobic
load throughout a match with periods of near-maximal HR values (Andersson et
al., 2010b; Krustrup et al., 2010). Significant differences in HR recordings
between the first and second half were also reported (Ohlsson et al., 2015;
Rampinini et al., 2008). Peak and mean HR recorded during the first half were
significantly higher than in the second half (Ohlsson et al., 2015; Rampinini et al.,
2008), especially as a consequence of a reduction in the time spent in the
intensity zone above 95 % (Ohlsson et al., 2015). Interestingly, HRmean reported
in female players was within the same range of values as reported in males
(Bangsbo, 1994).

1.2. Fatigue in soccer — acute and chronic responses

The stress associated with training and competition often temporarily
impairs player physical performance (Thorpe et al., 2015). This impairment may
be acute, lasting minutes or hours, and may stem from metabolic disturbances
and substrate utilization associated with high-intensity exercise (Bangsbo et al.,
2006). Alternatively, exercise-induced muscle injury and delayed onset muscle
soreness which often follow training with a high eccentric component may lead to
impairment lasting several days (Thorpe et al., 2015). The balance between the
stress imposed by training and competition, and sufficient recovery is therefore
of relevant importance since an imbalance over extended periods of time may
contribute to potentially long-term debilitating effects associated with overtraining
(Nimmo et al., 2007).

As mentioned above, numerous studies have been published reporting
that total distance and distance covered in high intensity running and sprinting
are lower in the second half than in the first half of the match (Andersson et al.,



2010b; Krustrup et al., 2005; Milanovic et al., 2017; Mohr et al., 2008; Mohr et al.,
2003, 2005). According to Mohr et al. (2005), this may indicate that performance
iIs hampered in the second half and that fatigue occurs towards the end of a
match. Players also experience temporary fatigue during other periods of the
match. A study performed with male soccer players showed that the amount of
high intensity running in the 5 min period immediately after the most intense 5
min period recorded during the match is lower than the average of the entire
match (Mohr et al., 2003). This decrement in performance after a period of
intense exercise could be interpreted as a natural variation in the intensity of
matches due to tactical or psychological factors (Krustrup et al., 2006; Mohr et
al., 2003). However, when players were asked to perform a repeated sprint test
immediately after a short-term intense period during the match the performance
in the test was significantly diminished (Mohr et al., 2003). These study results
suggest that soccer players experience fatigue temporarily during the match
(Krustrup et al., 2006; Mohr et al., 2005).

In female soccer players, the total distance covered has been shown to be
consistent between halves (5230 + 90 vs. 5210 + 80 m; effect size 0.2) (Datson
et al., 2014). However, significant reductions in high-speed running (680 + 60 vs.
620 + 40 m; effect size 1.2) and sprinting (200 + 30 vs. 170 + 20 m; effect size
1.0) occur. Alterations in match-specific skill involvements between halves were
also found, with the number of tackles being greater in the first than in the second
half. Another study by Helgerud et al. (2001) showed that the players who
presented higher fatigue levels during the match were those who exhibited a
significant decrease in the total number of short passes, as well as in the number
of successful short passes.

Another way to analyse the occurrence of fatigue among soccer players
during competitive matches could be to compare the performance of substitute
players, who only participate in parts of the second half, with the performance of
players taking part in the entire match. It was observed that substitutes who came
on in the second half sprinted and ran at a higher intensity (63 and 25 % more,

respectively) than players who played the entire match (Mohr et al., 2003).



1.3. Monitoring training and match load

Soccer players are exposed to greater training volumes and competition
demands than ever before (Datson et al., 2014) which may have implications for
both physical performance and injury patterns.

Advances in technology available for monitoring athletes has led to greater
opportunities to scientifically support players, and, thus, information regarding the
modern (elite) female player is increasingly available. Over the years, numerous
techniques have been used to determine the physical and physiological profiles
of soccer players (Casamichana et al., 2012; Di Salvo et al., 2007; Halson, 2014a,;
Mallo & Navarro, 2008). However, not all coaches and scientists engage in
athlete monitoring (Halson, 2014a). For some athletes/teams/squads, insufficient
resources can be a major reason for not including a system of training and match
monitoring. Resources may be in the form of time, money, or the human
resources needed to collect, process, and analyse the data.

The quantification of training and match load is generally based on both
external (e.g., distance, power output, number of repetitions) and internal (e.g.,
oxygen uptake, HR, blood lactate, rate of perceived exertion [RPE], sleep
duration and quality) indicators of effort and intensity, which are then computed
with training and match time to derive compound training and match load
measures such as training impulse (TRIMP) using HR (Banister & Hamilton,
1985) and session-RPE (s-RPE) using perceived load (Foster, 1998). When it
comes to monitoring athlete fatigue and/or performance responses to their
training and match loads, there are various tools and methods available, such as
monitoring saliva and specific blood variables (Heisterberg et al., 2013; Meeusen
et al., 2013), or the use of psychometric questionnaires (Borresen & Lambert,
2009; Buchheit et al., 2013; Hooper & Mackinnon, 1995). Changes in exercise
blood lactate might be used to track changes in fithess (Beneke et al., 2011),
however, whether they can inform on fatigue per se is still under debate (Le Meur
et al., 2013; Meeusen et al., 2013). Moreover, blood sampling may be painful and

are inconvenient for frequent monitoring.



1.4. Monitoring health parameters

There is increasing the interest in monitoring the status of the autonomic
nervous system (ANS) via measures of HR, including the level and variability of
HR at rest (Plews et al., 2013; Stanley et al., 2013a), during exercise (Buchheit
et al., 2010; Buchheit et al., 2012; Garvican et al., 2014; Rowsell et al., 2009),
and following exercise (Buchheit et al., 2010; Buchheit et al., 2008; Buchheit et
al., 2013; Buchheit et al., 2012). The main interest in heart rate variability (HRV)
measures is that they are non-invasive, inexpensive, time-efficient, and can be
applied routinely and simultaneously in many athletes. While the collection of
(beat-by-beat) HRV was initially only possible with expensive laboratory-based
electrocardiograph recorders, the recent availability of valid and portable
recorders such as HR monitors (Gamelin et al., 2006; Parak & Korhonen, 2015;
Wallen et al., 2012; Weippert et al., 2010), specifically-designed systems
(Cassirame et al., 2013; Parrado et al., 2010), or smart phone applications (Flatt
& Esco, 2013) has substantially boosted the use of HRV monitoring in the field.
However, despite its common implementation in the field, HRV monitoring is still
not accepted as a gold standard, likely due to the lack of consistency in the
literature. While some studies have shown that these measures are sensitive to
fithess improvements, fatigue, overload or detraining, others have not (Plews et
al., 2013). Changes opposite to those expected have also been observed, which
further complicates the interpretation of athletes’ training status (Plews et al.,
2013).

Besides the importance of monitoring HRV in athletes, in recent years,
growing interest in understanding the sleep of athletes has seen an increase in
published studies (Roberts et al., 2019). In fact, athletes and coaches have
ranked sleep as the most important recovery strategy (Fallon, 2007).
Interestingly, the fundamental difference between recovery interventions with
established protocols (e.g., cold water immersion, compression garments,
electrical stimulation) (Nedelec et al., 2013) and sleeping lies in the fact that sleep
initiation does not depend entirely on the willingness of the athlete (Nedelec et
al., 2015a).



During sleep, anabolic metabolism is upregulated (Chennaoui et al.,
2016), procedural memories are consolidated (Frank & Benington, 2006), and
immune responses are augmented (Besedovsky et al., 2012). However, sleep
loss or deprivation can have significant effects on performance, motivation,
perception of effort, and cognition as well as numerous other biological functions
(Halson, 2014b). Furthermore, sleep is associated with many physiological
processes that may facilitate recovery from, and adaptation to, athletic training
and competition (Samuels, 2008). Thus, the ability to monitor the sleep duration
and quality of sleep obtained by an (elite) athlete may be a useful tool for
evaluating recovery from training and competition (Sargent et al., 2016).
However, little is known about the sleep characteristics of athletes (Halson,
2014b; Sargent et al., 2014a), especially female (Roberts et al., 2019). This
appears to be a considerable oversight given that sleep has been recognized as
an essential component of recovery. Therefore, it is important to understand how
the demands of training and competition affect sleep, and this has become a
priority for coaches and scientists monitoring athletes (Gupta et al., 2017).

1.4.1. Autonomic cardiac function and sleep patterns in soccer

During congested competitive periods, soccer players follow strict match
and training schedules which can reduce sleep duration (Sargent et al., 2014b)
and impair recovery processes (Fullagar et al., 2016a), especially when training
sessions and/or matches occur close to bedtime sleep (Fullagar et al., 2016a;
Vitale et al., 2019).

The effects of physical exercise on sleep have been ascribed to factors
such as time of day, chronotype (i.e., an individual’s circadian rhythm) (Bonato et
al., 2017), and training load (Buchheit et al., 2004). Bonato et al. (2017) evaluated
whether the time of day (8.00 a.m. vs 8.00 p.m.) and chronotype could influence
post-exercise autonomic cardiac control in soccer players in relation to an acute
session of high-intensity interval training. The authors showed that circadian
typology determined different autonomic responses during recovery from a
demanding training bout only in the morning. In a review study, it was suggested

that sleep indices were likely dependent on the scheduling of practices of the
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particular sport (Juliff et al., 2015). The study also stated that 52 % of elite athletes
subjectively reported sleep disturbances following a late match or training
session. Additionally, it was observed that players presented sleep duration
within the appropriate healthy range on training and match days concluded before
6 p.m., but slept significantly less with later bed times after training sessions and
matches starting after 6 p.m (Fullagar et al., 2016a; Nédélec et al., 2019).
However, in another study it was found that total sleep time was not affected after
performing early evening high-intensity training sessions (starting at ~4.30 p.m.
and finishing at 6.30 p.m.) in elite youth soccer players, compared to nights where
no evening training was performed (Robey et al., 2014). Therefore, further
research is needed to determine whether regular training scheduled in the late
evening affects sleep patterns in team sport athletes. Other factors could also
impair the function of the ANS and sleep, such as travelling and away-match
location (Egan-Shuttler et al., 2018). However, the interaction between these
factors with nocturnal HRV and sleep patterns (evaluated simultaneously) has
not yet been investigated, especially in female soccer players.

Nonetheless, it is also important to highlight that sleep patterns and HRV
changes that may occur during sleep after physical exercise can be influenced
by whether the athletes are exposed to chronic (habitual) or acute (single) late
training (Rae et al., 2015) or a night official competition (Vitale et al., 2019). For
instance, in a recent study was showed that sleep duration and quality of female
and male athletes were acutely lower during the night immediately after a night-
match compared to previous or subsequent nights (Vitale et al.,, 2019). In
addition, in another study was showed that acute physical exercise (running
exercises), in physically active male subjects, caused delayed recovery of
nocturnal cardiac autonomic modulation, but no changes in sleep quality
(Myllymaki et al., 2012).

For instance, Rae et al. (2015) proposed comparing morning and evening
time-trial performance, RPE, and mood states of trained swimmers, considering
chronotype and habitual training time-of-day. The authors found significant
diurnal variation in performance when the swimmers were grouped according to

habitual training time-of-day. That is, the swimmers who habitually trained in the
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morning swam faster at 6.30 a.m. and those who trained in the evening were
faster at 6.30 p.m. This suggests that diurnal variation in performance is also
related to habitual training time, although it is not clear whether this is due to
endogenous factors, training time conditioning, or both.

In summary, it is noteworthy that more studies is needed in the literature
analysing objective sleep variables and HRV indices (simultaneously) across
multiple night-training days, match days, and rest days, as well in different match
locations (i.e., away-matches vs. home-matches) in high-level female soccer
players, over several weeks (chronic responses) during the competitive in-
season. Therefore, we conducted two observational studies to describe and
characterize sleep patterns and nocturnal HRV in high-level female soccer
players under different match and training constraints.

One observational study (Study 2) had the main purpose of analyzing
whether exercise training conducted at night disturbed sleep and affected
nocturnal cardiac autonomic control during three consecutive weeks (16 days of
recordings) of the competitive season. The second observational/longitudinal
study (Study 3) had the main objective of analysing the influence of the timing of
training and matches, and match location, on the same variables, for six weeks
(42 days of recordings) of the competitive season. This knowledge could provide
information on training programming in order to optimize recovery by means of
implementing sleep hygiene strategies to extend sleep or planning day-time naps
(Fullagar et al., 2015a).

1.4.2. Nocturnal measurements

Measuring pulse rate is handy and straightforward. It can be measured on
different settings (i.e., during sleep or awake at rest, during or following exercise),
and its analysis can be simple or complex (e.g., HR values vs. HRV). All recording
conditions and methods of analysis have advantages and disadvantages, which
need to be understood when selecting the most appropriate monitoring
methodology for athletes (Buchheit, 2014).

The physiological determinants of resting HRV are multiple and include

cardiac muscle morphology, plasma volume, autonomic activity, age and body
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position; resting HRV is essentially related to genetics, plasma volume,
autonomic activity, and body position (Achten & Jeukendrup, 2003; Aubert et al.,
2003; Bosquet et al., 2008; Sandercock & Brodie, 2006). The basic principle of
HRV monitoring is to make inferences on possible changes in cardiac ANS status
due to exercise while using repeated HRV measures over time. Since ANS
activity is highly sensitive to environmental conditions (e.g., noise, light,
temperature) (Achten & Jeukendrup, 2003), it is important that precautions be
taken to standardize recording conditions, in order to isolate the training-induced
effects on ANS.

Theoretically, night recordings represent the best (more standardized)
recording condition for HRV monitoring (Brandenberger et al., 2005; Pichot et al.,
2000). However, the effects that differences in sleep patterns (Otzenberger et al.,
1998) and quality (Burton et al., 2010) have on HRV, independently of training-
related changes in ANS status, have been overlooked in the literature, and
consequently lead to misinterpretation. To overcome these limitations, HRV data
collected during selected slow-wave sleep episodes (SWSE; defined as deep
stage of sleep), that offers great signal stability and high standardization of both
environmental factors and respiratory influences on HRV, might be preferred
(Brandenberger et al.,, 2005; Buchheit et al., 2004). Nevertheless, night
recordings could be difficult to implement daily (Stanley et al., 2013b), limiting
their usefulness.

One of the most critical aspects of the recovery continuum for athletes is
obtaining enough sleep duration and quality of sleep. It is recommended that
adults sleep at least 7 hours per night and achieve a sleep efficiency (i.e., time
asleep as a percentage of time in bed) of at least = 75 % on a regular basis to
promote health (Ohayon et al., 2017; Watson et al., 2015). However, athletes
usually sleep less than 7 hours (Gupta et al., 2017), requiring more accumulated
time to sleep. In fact, extended sleep duration can lead to better psychomotor
accomplishment and technical accuracy (Mah et al., 2011), with likely positive
effects on competitive performance (Kolling et al., 2016b). Interestingly, most of
the research examining athletes’ sleep has been derived from subjective tools

(e.g., diaries) (Knufinke et al., 2018). This is a problem because subjective tools,
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while useful for monitoring large cohorts, typically correlate poorly with objective
data (Dunican et al., 2017).

The ‘gold standard’ for sleep monitoring is polysomnography (PSG), which
uses surface electrodes to monitor physiological parameters such as brain,
muscle, heart, and respiratory activity (Kushida et al., 2005). PSG is particularly
useful for investigating sleep pathologies, including sleep-disordered breathing
(George et al., 2003) and sleep disturbances caused by concussion (Gosselin et
al., 2009). However, PSG is expensive and requires specialized laboratory
equipment, making it impractical for monitoring athletes in the field (Sargent et
al., 2016).

Actigraphy, on the other hand, uses accelerometers embedded in
wearable devices to record movements that can be analysed using algorithms
that estimate sleep duration and quality (Ancoli-Israel et al., 2003). Actigraphy is
inexpensive and can be administered with minimal impact on habitual sleep or
training and/or match routines. As such, actigraphy is the preferred method for
objectively monitoring during night the sleep of athletes (Sargent et al., 2016).

1.4.2.1. Autonomic cardiac activity

The cardiovascular system is characterized by a complex interaction of
several organs and tissues including heart and blood vessels; it is regulated by
intrinsic and extrinsic mechanisms (Ferreira & Zanesco, 2016). The ANS
provides rapid adjustment of the heart and blood vessels, playing an important
role in cardiovascular system regulation.

The heart is a muscular organ with a special excitatory and conduction
specialized system able to generate rhythmic electrical impulses, as well as to
transmit these signals throughout the myocardium (Ferreira & Zanesco, 2016).
Under normal conditions, the conduction process begins in a particular area of
the heart, named the atrial sinus node, whose electrical property can generate
the action potential that spreads quickly through specialized fibres to the heart,
resulting in contraction of the entire cardiac muscle (Shaffer et al., 2014). In

addition to this intrinsic mechanism that determines the basal cardiac rhythm, the
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ANS plays an important role in controlling the heart function and vascular system
through the sympathetic and parasympathetic fibres to the heart, and through the
sympathetic fibres to the vessels (Ferreira & Zanesco, 2016).

The two branches of the ANS, i.e. the sympathetic and parasympathetic
fibres, act in an opposite way, providing fine adjustment to the cardiac tissues in
response to different stimuli and daily activities. Though, an unbalance between
sympathetic and parasympathetic drives has been proposed as a potential
mechanism in some cardiovascular diseases such as arterial hypertension, heart

failure, and myocardial infarct.

1.4.2.1.1. Assessment of autonomic cardiac activity

HRV is widely used as an indirect marker of ANS and the cardiac
autonomic nervous system activity. In sports, HRV might provide useful markers
of positive and negative adaptations to training and competitions (Halson, 2014b;
Plews et al., 2013).

Fluctuations in the R—R (normal-to-normal) intervals may be quantified by
numerous techniques, providing indices that reflect the ANS modulation into the
heart (Ferreira & Zanesco, 2016). With the objective of standardizing the terms
and measurement methods in both basic and clinical studies, members of the
European Society of Cardiology and the North American Society of Pacing and
Electrophysiology created a Task Force (TaskForce, 1996). Currently, HRV
analysis can be performed using linear methods, which are divided into the time
domain and the frequency domain, or using non-linear methods.

In the linear analysis in the time domain, which is considered as the
simplest measure of HRV, the indices are derived from the measurement of
intervals between successive normal beats (R-R) in a series of continuous time
that can be evaluated by statistical or geometric patterns (Bilchick & Berger,
2006; TaskForce, 1996).

The analysis in the time domain further provides other related measures,
which are derived from the difference between the R—R intervals, including the
square root of the mean of the sum of the squares of differences between

successive R-R intervals (RMSSD), the standard deviation of the R—R intervals
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(SDNN), the number of pairs of adjacent R—R intervals with a difference of
duration longer than 50 ms in the registration period (NN50), and the percentage
of successive R-R intervals with a difference of duration longer than 50 ms
(PNN50) (Ferreira & Zanesco, 2016).

These indices are obtained by the difference between successive regular
intervals aiming to detect high frequency oscillations and to provide information
on parasympathetic autonomic modulation (Kleiger et al., 2005; Pumprla et al.,
2002). Another technique is the Lorenz plot (also known as a Poincaré plot),
where each beat is plotted in association with the next beat, providing graphical
information and dispersion of the variation in the time series (Ferreira & Zanesco,
2016). This analysis can be performed both quantitatively and qualitatively
(Billman, 2013).

The linear method in the frequency domain (spectral analysis) has been
widely used since its introduction in the 1960s as another technique for the
investigation of HRV (Ferreira & Zanesco, 2016). Unlike the time domain, this
technique decomposes the total variability of the signal into specific components
that operate in different frequency bands, allowing identification (Shaffer et al.,
2014). The calculation of the power of spectral density can be performed through
fast Fourier Transform Techniques or the autoregressive model (Ferreira &
Zanesco, 2016). As short-time records (2-5 minutes), it is possible to obtain the
components of very low frequency (VLF<0.04 Hz), low frequency (LF; 0.04—-0.15
Hz), and high frequency (HF; 0.15-0.4 Hz). In the analysis over 24-hours, a fourth
peak frequency, represented as ultra-low frequency (ULF; 0.003—-0.04 Hz) can
also be obtained (Billman, 2013; TaskForce, 1996).

The HF component has been widely emphasized as an index that reflects
the vagal modulation, whereas the LF component reflects an interaction between
sympathetic and parasympathetic (Kleiger et al., 2005). On the other hand,
experimental data suggest that the rhythm pattern of very low frequency is
intrinsically generated by the heart and that its oscillation is modulated by
sympathetic nerve endings (McCraty & Shaffer, 2015). In addition, the ratio
between LF and HF (LF/HF) has been used historically as a measure involving

the sympathetic/parasympathetic balance (Pagani et al., 1986). Nevertheless,
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recent studies suggest that this measure cannot be used as an accurate measure
of this balance (Billman, 2013).

Evaluation of the HRV from linear methods can be performed from records
with durations of 2, 5, and 15 minutes (short-time), and over 24-hours (long-time)
(Ferreira & Zanesco, 2016). Although it is also used for short-term analysis, the
indices obtained in the time domain have been commonly used for long-term
records to provide better interpretation of the results, because of the instability of
HR over time. On the other hand, short records are preferably interpreted from
the frequency domain indices (TaskForce, 1996). The presence of noise, trends,
ectopic beats, and artefacts has been considered as the main problem found in
records of HRV. These issues can directly affect the quality of HRV analysis,
requiring signal correction (Huikuri et al., 1999). Therefore, ectopic beats are, in
general, automatically removed and replaced with interpolated adjacent R—R
interval values using a low filter (Tarvainen et al., 2014). In addition, to reduce
any potential non-uniformity or skewness in HRV, data can be log-transformed
by taking the natural logarithm (Ohlsson et al.) before conducting any statistical
analyses (Mourot et al., 2004).

Monitoring training-related cardiac autonomic responses has been
facilitated by using after-waking ultra-short-term HRV measurements in male and
female athletes (Esco et al., 2016; Fazackerley et al., 2019; Flatt et al., 2017a;
Flatt et al., 2017b; Stanley et al., 2013b). In spite of its usefulness, this method
does not allow analysis of the time course of post-exercise cardiac autonomic
recovery or quantification of HRV during periods of physiological steady state (Al
Haddad et al., 2009; Boullosa et al., 2013). In this sense, HRV recordings
conducted during night sleep could be an interesting alternative, as previously
mentioned in this chapter.

In fact, in one study overnight HRV indices (i.e., increased low frequency
[LF, in ms?] and reduced high frequency [HF, in ms?]) were significantly altered
after competitive matches compared to rest days (Bricout et al., 2010). However,
most studies involving overnight HRV analysis do not detail the standardization
of the data acquisition and interpretation, a crucial step to allow comparison of

results obtained in different studies.
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In this regard, we searched through the literature describing methods of
overnight HRV analysis to allow the replication of the procedures (Study 1). Thus,
SWSE (Al Haddad et al., 2009; Brandenberger et al., 2005; Buchheit et al., 2004)
was one of the methods chosen to assess HRV in our studies. The SWSE

considers the following:

1) the first 10 min of the first low and regular HR episode lasting at least 15 min;

2) the lowest standard deviation of R—R intervals (SDNN) throughout the period
of interest;

3) a circular Poincaré plot (i.e., a round cluster of points in R—R intervals plotted
as a function of the previous one);

4) a low inter-beat autocorrelation between successive R-R intervals (i.e.,

correlation coefficient of the Poincaré plot < 0.5).

Using the SWSE, it was observed that a single session of supramaximal
intermittent exercise caused a reduction in vagally-mediated HRV indices among
young non-athletes during night sleep following exercise (Al Haddad et al., 2009).
It is important to highlight that the SWSE requires the analysis of “only” 10 min
out of many hours of sleep.

In contrast, has been proposed the analyses of overnight sleep cardiac
autonomic activity using an “hour-by-hour” approach using all the R—R intervals
recorded throughout the sleep period (Myllymaki et al., 2011). The authors found
that vigorous late-night exercise did not disturb sleep quality in physically active
male subjects (Myllymaki et al., 2011). However, it affected the cardiac autonomic
control during the first sleeping hours. To date, no studies had concurrently
analysed the sensitivity of both methods (SWSE or “hour-by-hour”) in detecting
the effects of acute training sessions in highly trained female athletes, with
special reference to assessing the autonomic activity following late-night team
sports training. Therefore, one of the main objectives of the present thesis was to
assess the sensitivity of different methods to assess nocturnal HRV after soccer
night-training sessions in high-level female athletes (Study 1). We also aimed to

analyse whether the timing of training (i.e., at night), rest days, match days and
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match location may affect nocturnal cardiac autonomic activity, during the

competitive season, in female players (Studies 1, 2, and 3).

1.4.2.2. Sleep patterns

In general, sleep is a basic requirement to preserve human health; it is
assumed to be critical to physiological and psychological restoration in athletes
(Leeder et al., 2012). Recent studies have analysed the importance of sleep to
regulate key molecular mechanisms (i.e., transcriptional regulatory proteins (Abel
et al., 2013; Allada & Siegel, 2008; Crocker & Sehgal, 2010)), demonstrating that
sleep has an integral role in metabolic homeostasis (Xie et al.,, 2013).
Notwithstanding the complexity surrounding the need, rationale, and outcome of
sleep, it seemingly must serve an important purpose for humans, because sleep
has survived so many years of evolution (Sehgal & Mignot, 2011). The ability of
humans to cope with physiological and psychological stressors is critical to
athletic performance outcomes (Bishop, 2008), and is affected by numerous
factors, including experience, fithess, motivation, and the natural fluctuation of
physiological and behavioural processes across a 24-h period (i.e., sleep—wake
cycle, body temperature, hormone regulation) (Drust et al., 2005).

Circadian rhythms are primarily controlled by the suprachiasmatic nucleus
within the hypothalamus (Beersma & Gordijn, 2007). However, the
suprachiasmatic nucleus is unable to always maintain control over these patterns
(i.e., between the suprachiasmatic nucleus within the hypothalamus), as humans
are highly sensitive to alterations in their natural environment (Beersma &
Gordijn, 2007; Fullagar et al., 2015b), most notably through the light—dark cycle
(Czeisler et al., 1986). When athletes encounter disruptions to their environments
(e.q., travel or training and/or competing at night), endogenous circadian rhythms
and normal sleep—wake cycles can become desynchronized (Beersma & Gordijn,
2007; Reilly & Edwards, 2007). These perturbations in sleeping patterns can
cause an increase in homeostatic pressure and affect emotional regulation, core
temperature, and circulating levels of melatonin, causing a delay in sleep onset
(Lack & Wright, 2007).
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Additionally, there is potential for sleep loss and neurocognitive and
physiological performance to be compromised (Banks & Dinges, 2007; Goel et
al., 2009; Halson, 2008; Samuels, 2008). Emerging research suggests that there
are differences in sleep duration and quality between athletes and healthy
controls. In contrast to non-athletes, athletes are often exposed to conditions that
can interfere with sleep duration and quality, such as jet lag, unfamiliar sleeping
environments, evening training, and/or competition and underlying fatigue
(Robey et al., 2014).

1.4.2.2.1. Assessment of sleep patterns

To detect and manage sleep disturbances, it is important to monitor habits
and perceptions of sleep with subjective and/or objective measures (Myllymaki et
al., 2011).

Overall, two methods are primarily utilized to assess sleep: PSG and
actigraphy (Nedelec et al., 2015a).

PSG is considered by many to be the gold standard for measuring sleep
and typically includes an assessment of eye movement, brain activity, HR,
muscle activity, oxygen saturation, breathing rate and body movement
(Roomkham et al., 2018). PSG allows for the determination of sleep stages (rapid
eye movement and non-rapid eye movement). PSG is typically only utilised to
assess specific sleep disorders as it is an expensive, obtrusive and complex
technique, requiring expertise in setting up the individual to be monitored and
manually scoring the sleep data. Further, PSG typically occurs in a laboratory
and therefore is impractical for longitudinal monitoring. Finally, PSG may be
useful in a research context where understanding the effects of an intervention
on sleep staging may be of interest.

Actigraphy is usually measured by a small wrist device worn on the non-
dominant arm (Sargent et al., 2016). According to Gogenur (2010), wrist
movements are continuously translated into an electronic signal through the
displacement of a piezoelectric transducer. Thereby, the signal is recorded when
movement occurs in all three dimensions, and thus distinguishes between

“motionless/resting” and “lying” (Peterson et al., 2012). Activity counts are then
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provided on a minute-by-minute basis, for example by the so-called zero-crossing
mode (Gogenur et al., 2009a; Gogenur et al., 2009b). In the zero-crossing mode,
the number of times per minute where the activity crosses zero activity is
registered (Gogenur, 2010). These data are then downloaded to a software
where the final data analysis is performed. Additionally, data collection starts only
when the device is worn on the body and terminates autonomously when off the
body (Kolling et al., 2016a).

Various actigraphic devices have already been applied in sport settings to
monitor sleep parameters (Fietze et al., 2009; Hausswirth et al., 2014; Mah et al.,
2011). Several studies have assessed the validity of activity monitors for
measuring sleep by comparing sleep/wake durations determined by PSG with
sleep/wake durations determined by activity monitors. In healthy adults, high
correlations have been reported for sleep duration (i.e., 0.89—-0.98) (de Souza et
al.,, 2003; Kripke et al., 1978; Signal et al., 2005) and moderate-to-high
correlations have been reported for wake time within sleep (i.e., 0.36—0.85) (de
Souza et al., 2003; Kripke et al., 1978; Mullaney et al., 1980). More recently,
validation of activity monitors has moved beyond comparing sleep/wake
durations towards considering epoch-for-epoch matches with PSG. Agreement
between PSG and activity monitors is high, with rates ranging from 77 to 91 %
(Kosmadopoulos et al., 2014; Paquet et al., 2007; Signal et al., 2005).

Overall, wrist-worn accelerometers allow estimation of total sleep time
(total amount of sleep obtained), time in bed (time between lying down until
getting up the next day), wake up time (time between the last minute of sleep and
getting up from bed), sleep onset time (time of the first epoch of sleep between
time of trying to initiate sleep and time at wake up), wake after sleep onset
(number of min awake after sleep onset), sleep fragmentation index (sum of
mobility and immobility accesses in one minute, divided by the number of
immobility accesses), latency (time in minutes attempting to fall asleep), and
sleep efficiency (percentage of time in bed that was spent asleep) (Sargent et al.,
2016). However, activity monitors tend to underestimate sleep in people who

exhibit high levels of movement during light sleep (Tryon, 2004). This raises a
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potential issue with the use of activity monitors for measuring sleep in (elite)
athletes.

Several studies indicate that elite athletes obtain less sleep than the
general population (Roach et al., 2013; Sargent et al., 2014a) and/or exhibit
greater movement and fragmentation during sleep (Leeder et al., 2012; Taylor et
al., 1997). Given the sleep characteristics of elite athletes, it is important to
establish how well activity monitors detect sleep and wake variables in this
population. Therefore, some specific technical procedures were considered when
using 3-axial accelerometers (Actigraph LLC wGT3X-BT, Pensacola, USA)
during data collection for the prospective studies conducted for the current thesis.
The sampling frequency was selected as 50 Hz and the epoch of activity counts
was 60 seconds. All movements greater than 0.05 g were measured, and values
outside the range of 3—-11 Hz were filtered to eliminate gravitational artefacts
(Myllymaki et al., 2011; Paquet et al., 2007). All sleep variables were determined
for each night using the Sadeh algorithm (validated for young-adults) (Sadeh et
al., 1994).

Finally, subjective ratings can be obtained via sleep logs, which provide
useful information about the individual’s habits and perception of sleep (Baker et
al., 1999). Nevertheless, subjective reports might deviate from objective
measures (Kawada, 2008), especially with regard to mood and memory biases,
while personality characteristics may also affect self-reported sleep ratings
(Jackowska et al., 2011). Indeed, some discrepancies have been detected when

comparing subjective parameters with objective measures (Kolling et al., 2016a).

1.5. The importance of individualized monitoring

Although it is conventional to focus monitoring on group mean responses
following a particular training intervention or competition, sport settings frequently
produce mixed results with high responders and low responders often getting lost
in averaged data reports (Chrzanowski-Smith et al., 2019; Mann et al., 2014). As
a result, an increased interest for individualization of monitoring in sport settings

has given rise to a variety of athlete-monitoring strategies, enabling coaches to
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better manage fatigue and manipulate training prescription on an individual basis
(Halson, 2014a).

Nevertheless, research examining the sleep of athletes has typically
averaged data across several nights, providing a mean estimate of usual sleep
(Lastella et al., 2015; Leeder et al., 2012; Swinbourne et al., 2016), especially
when examining sleep and nocturnal HRV in female soccer players (Studies 1,
2, and 3). While such approaches are useful to allow basic insight into sleep and
HRV (to better understand fatigue and recovery in athletes), they lack the
sophistication to provide understanding of how sleep and nocturnal HRV may
vary across multiple nights at the individual level (Bei et al., 2016; Buchheit, 2014;
Nedelec et al., 2018). Moreover, individual variability can reflect differences within
individuals over time (Van Dongen, 2005), with high intra-individual variability in
the athletes’ sleep indicating the need for individualized sleep education
strategies and interventions to promote appropriate sleep (Nedelec et al., 2018).

Although identifying the optimal amount of sleep on an individual basis may
be difficult (Watson, 2017), adult and youth athletes who demonstrate average
sleep of less than 7 or 8 h, respectively, likely warrant additional evaluation to
identify their specific sleep barriers. Therefore, those individuals that demonstrate
negative effects of insufficient sleep duration should be encouraged to use sleep
hygiene techniques to improve daytime energy and alertness (Gupta et al., 2017).
Longitudinal monitoring of training and match load, sleep, fatigue (e.g., through
HRYV), stress, and mood may not only help identify individuals at risk, but also
monitor improvements in sleep, well-being, and performance after interventions
(Simpson et al., 2017).

In this respect, it might be important to include sleep and nocturnal HRV
data encompassing individual responses, in addition to group means (Nedelec et
al., 2018). Also, special attention should be given to the sleep behavior of elite
athletes (e.g., total sleep time) during periods of congested fixtures, such as
international tournaments, since sleep deficits can impair performance (Fullagar
et al., 2015b).

Although data exist on the role of sleep in recovery and on the impact of

various interventions (e.g., competitions, time of day for training, training and
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match loads) on sleep duration and quality, there is a need for more studies to
describe individual sleep variability during international tournaments, especially
in elite female athletes, since sleep patterns can affect performance outcomes
(Juliff et al., 2018). These investigations may identify potential factors related to
disturbed sleep and nocturnal HRV, which could assist in recommending
appropriate sleep strategies and better managing fatigue, as well as manipulating
training prescription and post-match recovery on an individual basis. Therefore,
we conducted an observational study (Study 4) with the aim of describing
sleeping patterns and nocturnal HRV individual profiles of elite female soccer
players from a National team during an international tournament.

Despite the need for individual studies examining recovery status (i.e., sleep
and HRYV) in athletes, the accurate assessment of an individual’s training load is
also imperative for effective training prescription. As previously mentioned, (see
1.3. Monitoring training and match load), training load can be quantified by
recording both the internal and external loads imposed upon the individual player
(Impellizzeri et al., 2004). Therefore, valid and reliable indicators of training load
are essential to monitor the training process. However, it is also important in
longitudinal studies to quantify intra-individual responses (e.g., within-participant
associations) following the most appropriate statistical approach, which models
the longitudinal dataset as a whole using the correct degrees of freedom
(Atkinson et al., 2011; Bland & Altman, 1995; Chrzanowski-Smith et al., 2019;
Lazic, 2010). For example, a high within-participant correlation was reported
between s-RPE and TRIMP for estimating training load in elite male soccer
players across a typical in-season competitive phase (Kelly et al., 2016),
suggesting that s-RPE is a simple and practical global indicator of individual
training load in elite-level soccer players and can reflect the internal training load
stressors elicited on individual players. Nonetheless, this finding needs to be
confirmed in other populations (e.g., female soccer players).

With this in mind, we conducted an observational study (Study 5) not only
to investigate the association (within-participant correlation) between s-RPE and
TRIMP, using training sessions with similar contents (i.e., technical training with

ball involvement) and duration, but also to verify whether different ranges of
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relative heart rates would correspond to each RPE category. Also, we examined
the amount of time spent in relative high intensities and the associated intra- and
inter-player variability during technical training sessions in high-level female

soccer players.

1.6. Recovery strategies: sleep hygiene

The term ‘sleep hygiene’ was first used by Hauri (1977) in the context of
providing recommendations for patients to help them improve their insomnia.
Primary sleep hygiene strategies originally addressed caffeine, alcohol, and
exercise; they were derived from scientific studies and/or clinical observations of
patients with poor sleep (Stepanski & Wyatt, 2003). Nevertheless, given the
significant implications for performance, health, and general well-being, a number
of recommendations have been suggested to monitor and improve sleep in
athletes (Fullagar et al., 2015b; Simpson et al., 2017; Taylor et al., 2016).

In soccer, sleep impairment may be acutely dictated by some constraints,
such as playing or training at night close to bedtime, congested scheduling,
travelling, light exposure, use of products containing caffeine or alcohol in the
period preceding bedtime, and variations in wake up time or bedtime (Nedelec et
al., 2015a). Thus, proper sleep hygiene is important for all athletes, including
sleep environment and sleep scheduling. Sleep environments should be
comfortable, cool, dark, without electronic devices, and with minimal ambient
noise or distraction (Watson, 2017). To the extent that training and competition
schedules allow, athletes should be encouraged to establish consistent sleep and
wake times and incorporate a 30- to 60-min period of quiet relaxation before
bedtime that can help facilitate sleep onset (Watson, 2017). Efforts should be
made to limit the effects of training and competition on sleep schedules to reduce
the risk of sleep restriction in athletes. Variation in training times should be
minimized and early morning and late evening training and competitions should
be avoided (Nedelec et al., 2015a).

One possible way to examine the effect of sleep on performance is to extend
the amount of sleep an athlete receives and determine the effects on subsequent

performance. For instance, Mah et al. (2011) instructed six basketball players to
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obtain as much extra sleep as possible following two weeks of normal sleep
habits. Faster sprint times and increased free-throw accuracy were observed at
the end of the sleep extension period. Mood was also significantly improved, with
increased vigour and decreased fatigue (Mah et al., 2011). Thus, and according
to the data from this study (Mah et al., 2011) suggest that increasing the amount
of sleep an athlete receives may significantly enhance performance.

Athletes suffering from some degree of sleep loss may also benefit from a
brief nap, particularly if a training session is to be performed in the afternoon or
evening. Waterhouse et al. (2007) investigated the effects of a lunchtime nap on
sprint performance following partial sleep deprivation (4 h of sleep). Following a
30-min nap, 20-m sprint performance was increased (compared to no nap),
alertness was increased, and sleepiness was decreased. In terms of cognitive
performance, sleep supplementation in the form of napping has been shown to
have a positive influence on cognitive tasks (Postolache et al., 2005). Naps can
markedly reduce sleepiness and can be beneficial when learning skills, strategy,
or tactics are demanded in sleep-deprived individuals (Postolache et al., 2005).
Napping may be beneficial for athletes who have to routinely wake up early for
training or competition and for athletes who are experiencing sleep deprivation
(Waterhouse et al.,, 2007). Furthermore, naps may provide an additional
performance benefit during periods of unavoidable sleep restriction (Brooks &
Lack, 2006). Naps should be relatively brief (~30 min) to prevent sleep inertia and
avoided late in the day to prevent any disruption of night-time sleep (Watson,
2017). While further research is needed to clarify the role of naps in athletic
performance, specifically in female soccer, the available evidence suggests that
naps could be a useful way to increase total sleep duration during periods when
sleep restriction is unavoidable, but not necessarily as a substitute for night-time
sleep.

It is important to highlight that other types of sleep hygiene strategies exist,
especially used in elite soccer players, such as red-light therapy (body receiving
irradiation from a red-light therapy instrument), relaxation and brainwave
entrainment (involves stimulating the brain during sleep with frequencies between

1 and 9 Hz in a sequence mimicking the healthy human sleep cycle), and sleep
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medication (includes hypnotics, medium half-life benzodiazepines [e.g.,
temazepam], and short half-life non-benzodiazepine medications [e.g.,
zolpidem]. These medications do not contravene the World Anti-Doping Agency
rules (Nedelec et al., 2015a).

In summary, sleep is extremely important for numerous biological functions
and sleep deprivation can have significant effects on athletic performance,
especially sub-maximal, prolonged exercise. From the available evidence, it
appears that athletes may be obtaining less than 8 h of sleep per night and that
increasing sleep (sleep extension) or napping may be useful to increase the total

number of hours of sleep and thereby enhance performance.

1.7. Rationale and significance of the thesis

Athletes, coaches, and supporting staff should adopt a scientific approach
to both designing and monitoring training programs. Appropriate load monitoring
is crucial for determine whether a player is adapting to a training program, and
minimizing the risk of developing non-functional overreaching, illness, or injury.
To gain understanding of the training and match demands and their effects on
the player, several potential markers are available. However, very few of them
have strong scientific evidence supporting their use. Moreover, very limited data
exist in female soccer players.

Monitoring sleep and HRV in athletes can be useful for early detection and
intervention before significant performance and health decrements are observed.
Non-invasive and time-efficient methods/equipment such as wearable actigraphy
and beat-to-beat HR monitors can provide detailed information about positive and
negative adaptions over short and long periods throughout the competitive
season. In addition, each athlete can perform the recordings at home, adopting
a “real world scenario” to grant high ecological validity to the research and/or
practical interventions. The accumulated knowledge regarding the importance of
sleep and HRV (especially during night sleep) has led sleep and HRV monitoring
to become a popular strategy among elite athletes, coaches, and supporting staff.
However, given the complexity of analyzing nocturnal measurements of sleep

patterns and cardiac autonomic activity and the limited availability of athletes to
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participate in sleep studies, those indicators are poorly documented, especially
in female athletes.

Monitoring training and match load is also crucial to understand responses
to training and readiness, enabling appropriate planning. Importantly, load
monitoring also intends to reduce the risk of injury, illness, and non-functional
overreaching. In addition, training load data may be useful for team selection and
determining which athletes are ready to sustain competition demands.

Therefore, our observational studies on sleep and HRV of elite and semi-
professional female soccer players could assist coaches and clinical practitioners
to identify sleep and HRV disturbances, especially during periods of high
congested fixtures such as international tournaments. This may also be relevant
since in some countries (e.g., Portugal), the majority of female soccer teams
usually start training sessions at very late hours, close to bedtime sleep, due to
their life commitments (e.g., job, university) which need to be reconciled with
training schedules. Finally, the present thesis highlights the substantial individual
variation in training and match load, sleep, and HRV, which counsels the adoption
of an individual approach to training and match load monitoring, in designing
sleep education strategies (sleep hygiene) and interventions to promote
appropriate sleep and recovery, not only in female soccer, but also in other sport
populations (e.g., academies or high performance centres of youth and adults
athletes).
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Chapter Il

Aims and Structure






2. Aims

The present thesis aims to investigate the impact of training sessions and
matches performed at different times of the day and in different locations on
autonomic cardiac function and sleep patterns of female soccer players from
different competitive levels (elite and semi-professional), during competitive in-
season and during an international tournament.

All study designs were carefully explained to the subjects, and written
informed consent was obtained. The following exclusion criteria were defined:
age =218, tobacco use, and use of medications and medical conditions
contraindicating physical exercise as diagnosed by a sports medicine physician.
Players were requested to avoid alcohol and caffeine consumption. All studies
followed the Declaration of Helsinki and were approved by the Ethics Committee
of the Faculty of Sports, University of Porto (CEFADE 03.2017).

Studies 1, 2, 3 and 5 were conducted with the same semi-professional
female soccer team, competing in the first division of the Portuguese soccer
league. Study 4 was conducted with the Portuguese National female soccer team
during an international tournament (Algarve Cup 2018). All studies are described

in detail in chapter IIl.

3. Structure of the thesis

The present dissertation is organized into four chapters. A survey of the
literature supporting the aims of the dissertation is provided in Chapter I. The
main aim of the thesis and the purposes of each study are outlined in Chapter Il
The studies conducted within the purpose of the thesis are presented in Chapter
lll. Overall, a total of 5 original studies were conducted, each attempting to
address specific research questions. Additional research outputs are included in
the Appendix section. General discussions, limitations, conclusions, practical
applications, and future research suggestions of the present thesis are outlined
in Chapter V.
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4. List of original studies

Study 1
Effects of Late-Night Training on “Slow-Wave Sleep Episode” and Hour-by-Hour-

Derived Nocturnal Cardiac Autonomic Activity in Female Soccer Players.

Purpose: To assess the sensitivity of nocturnal HRV monitoring methods to the
effects of late-night soccer training sessions in female athletes.

Hypothesis: It was hypothesized that training at night compared to non-training
days would lead to disturbances in both nocturnal cardiac autonomic activity
methods in female soccer players.

Methods: Eleven female soccer players competing in the first division of the
Portuguese soccer league wore HR monitors during sleep at night throughout a
1-week competitive in-season microcycle, after late-night training sessions (n =
3) and rest days (n = 3). HRV was analysed through SWSE (10-min duration)
and “hour by hour” (all the R—R intervals recorded throughout the hours of sleep).
Training load was quantified by s-RPE (281.8 [117.9] to 369.0 [111.7] arbitrary
units [AU]) and TRIMP (77.5 [36.5] to 110.8 [31.6] AU), and added to subjective
well-being ratings (Hopper index = 11.6 [4.4] to 12.8 [3.2] AU). These variables
were compared between training and rest days using repeated-measures
analysis of variance.

Results: The log-transformed SWSE cardiac autonomic activity (InRMSSD
varying between 3.92 [0.57] and 4.20 [0.60] ms; n?p = 0.16; 95 % confidence
interval, .01-.26), InHF , InLF, InSD1 (natural logarithm of short-term beat-to-beat
variability), and InSD2 (natural logarithm of long-term beat-to-beat variability),
and the non-transformed LF/HF were not different between night-training session
days and rest days (P > 0.05). Considering the hour-by-hour method (INnRMSSD
varying between 4.05 [0.35] and 4.33 [0.32] ms; n?p = 0.46; 95 % confidence
interval, 0.26-0.52), InHF, InLF, InSD1, InSD2, and the non-transformed LF/HF
were not different between night-training session days and rest days (P > 0.05).
Conclusion: Late-night soccer training does not seem to affect nocturnal SWSE
and hour-by-hour HRV indices in highly trained athletes.
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Study 2

Does Night Training Load Affect Sleep Patterns and Nocturnal Cardiac

Autonomic Activity in High-Level Female Soccer Players?

Purpose: To analyse whether exercise training conducted at night disturbs sleep
and affects nocturnal cardiac autonomic control in high-level female athletes.
Hypothesis: It was hypothesized that sleep patterns and/or autonomic cardiac
activity would be affected by night-training sessions in high-level female athletes,
when compared with rest days.

Methods: A total of 18 high-level female soccer players (mean [SD]: age 20.4
[2.1] y) wore actigraph units and HR monitors during night sleep throughout night
training days (n = 8) and rest days (n = 8), for 3 consecutive weeks. This was a
longitudinal study that measured internal training load, sleep, nocturnal cardiac
autonomic activity, and well-being ratings prior to training sessions.

Results: Training load varied across training days (e.g., TRIMP range, mean
[SD]; effect size, ES [95 % confidence interval]: 72.9 [18.8] to 138.4 [29.6] a.u.;
Fa62 = 32.331; n?p = 0.673 [0.001-0.16], large effect; P < 0.001). However, no
differences in subjective well-being ratings were observed, although ES was
large. Total sleep time (training days vs rest days: 07:17 [00:47] h vs 07:51 [00:42]
h; ES = 0.742 [0.59-0.92], P = 0.005; moderate effect) and sleep onset time
(00:58 [00:19] h vs 00:44 [00:16] h; ES = 0.802 [0.68—-0.94], P = 0.001; moderate
effect) were negatively affected after night training. In addition, small effects were
detected for wake-up time, time in bed, and sleep latency (P > 0.05). No
differences were detected in HRV during sleep (range of INnRMSSD: 4.3 [0.4] to
4.5 [0.4] In[ms] vs 4.6 [0.3] to 4.5 [0.4] In[ms]; F3,52 = 2.148; P > 0.05; n?p = 0.112
[0.01-0.25], medium effect), but the HR during sleep was significantly higher after
training days (range of HR: 56 [4] to 63 [7] bpm vs 54 [4] to 57 [6] bpm; F2,32 =
15.956; P < 0.001; n?p = 0.484 [0.20-0.63], large effect).

Conclusion: Overall, the results indicate that exercise training conducted at night
may disturb sleep and affect HR, whereas limited effects can be expected in HRV

assessed during sleep in high-level female soccer players.
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Study 3
Sleep patterns and nocturnal cardiac autonomic activity in female athletes are

affected by the timing of exercise and match location.

Purpose: The aim of the current study was to analyse the influence of the timing
of training sessions and matches, and match location, on sleep pattern and
nocturnal cardiac autonomic activity in female soccer players.

Hypothesis: It was hypothesized that training at night and playing away-matches
would disturb sleep patterns and nocturnal cardiac autonomic activity more than
rest days and playing home-matches, respectively, in female soccer players.
Methods: A total of 17 female soccer players (age: 21.6 + 2.3 years; mean = SD)
wore wrist actigraph units and HR monitors during night-sleep throughout 18
night-training days, 18 rest days, and 6 match days (3 away-matches and 3
home-matches) of the competitive period. Training load was quantified by s-RPE,
HR, TRIMP, and subjective well-being.

Results: In night-training days, sleep onset time and total sleep time were
significantly impaired compared to match days (+ 1:47 [0:48; 1:55] hours and
-1:35 [-1:42; -0:57] hours, respectively; p < 0.001; mean difference + 95 %
confidence interval [Cl]) and rest days (+ 1:31 [0:52; 1:49] hours and -1:26 [-1:28;
-0:55] hours, respectively; p < 0.001). In away-matches, sleep onset time was
delayed compared to home-matches (+ 0:36 [0:12; 0:44] hours; p < 0.001). Sleep
latency was higher in night-training days compared to rest days (+ 4 [2; 5] min;
p<0.001), as well as after away-matches compared to home-matches (+ 5 [1; 7]
min; p < 0.001). HR during sleep was significantly increased after night-training
days and match days compared to rest days (+ 4 [1; 5] bpm and + 3 [1; 4] bpm,
respectively; p < 0.001). Furthermore, HRV decreased after night-training days
and match days compared to rest days (e.g., INnRMSSD, -0.09 [-0.18; -0.08] In[ms]
and -0.17 [-0.27; -0.11] In[ms], respectively; p < 0.001).

Conclusions: Overall, the time of day for soccer practice (i.e., training at night)
and match location (i.e., away-matches) may cause disruption in sleep patterns

and/or autonomic cardiac activity in female soccer players. Additionally, playing
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official matches during the day and training at night may affect nocturnal cardiac
autonomic activity by decreasing vagal-related modulation and increasing HR

during sleep.

Study 4

Intra-individual variability of sleep and nocturnal cardiac autonomic activity in elite

female soccer players during an international tournament.

Purpose: To describe individual sleeping patterns and nocturnal cardiac
autonomic activity of National team female soccer players during an international
tournament.

Hypothesis: It was hypothesized that this investigation may find substantial
individual variability in sleep and HRV measures, which could assist in better
defining and recommending appropriate sleep hygiene strategies as well as more
adequately managing fatigue, and manipulating training prescription and post-
match recovery on an individual basis.

Materials and methods: Twenty elite female soccer players (aged 25.2 + 3.1
years) wore wrist actigraph units and HR monitors during night-sleep throughout
9 consecutive days (6 day-time training sessions, 2 day-time matches and 1
evening time match) of an international tournament. Training and match loads
were monitored using the s-RPE and wearable 10-Hz global positioning system
(total distance covered, training and match exposure time, and high-speed
running) to characterize training and match loads.

Results: Individually, s-RPE, total distance, exposure time, and high-speed
running during training sessions ranged from 20 to 680 arbitrary units (AU), 892
to 5176 m, 20 to 76 min, and 80 to 1140 m, respectively. During matches, s-RPE,
total distance, exposure time, and high-speed running ranged from 149 to 876
AU, 2236 t0 11210 m, 20 to 98 min, and 629 to 3213 m, respectively. Individually,
players slept less than recommended (< 7 hours) on several days of the
tournament, especially after evening time match (n=8; TST ranging between
6:00-6:54 h). Total sleep time coefficient of variation ranged between 3.1 and

18.7 %. However, all players presented good sleep quality (i.e., sleep efficiency
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=75 %; individual range between: 75-98 %) for each day of the tournament. Most
of the players presented small fluctuations in nocturnal cardiac autonomic activity
(individual nocturnal HRV ranged between 3.91-5.37 ms and HRV CV ranged
between 2.8-9.0 %), while two players presented higher HRV CV (11.5 and 11.7
%; respectively).

Conclusion: Overall, this study highlights the substantial individual variability in
sleep and HRV measures, suggesting the adoption of an individual approach to
analyse sleep, training and match loads, and recovery, to better understand how

players cope with highly demanding competitions.

Study 5
Using the rating of perceived exertion and heart rate to quantify training intensity

in female soccer players: validity and utility.

Purpose: The aims of this study were: (1) to analyse associations between s-
RPE and TRIMP; to verify whether significantly different ranges of percentage of
HR peak (% HRpeak) would be reached in each discrete RPE category; and (3) to
investigate the amount of time spent > 90 % of HRpeak and associated intra- and
inter-player variability during soccer technical training sessions with similar
content and duration.

Hypothesis: It was hypothesized that an association (within-participant
correlation) would be found between s-RPE and TRIMP in high-level female
soccer players, using training sessions with similar content (i.e., technical training
with ball involvement) and duration. We also hypothesized that significantly
different ranges of % HRpeak Would be reached in each RPE category; this
comparison will allow testing of whether RPE category (i.e., exercise intensity)
can discriminate different cardiovascular demands during soccer drills even after
disregarding training volume (i.e., duration). Finally, we also hypothesized that
an association would be found between the amount of time spent > 90 % of
HRpeak and intra- and inter-player variability during technical training sessions in
female soccer; this could be important for coaches and technical staff to better

adjust training loads and strategies (i.e., adapt and manipulate some types of
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exercises) to adequately stimulate the cardiorespiratory responses of all players
and avoid under loading some players while excessively loading others.
Materials and methods: This was a single-group observational study that
measured internal training load during six weeks of the competitive period in
seventeen high-level female soccer players. All training sessions started around
9 p.m. and lasted on average 94 = 5 min. During each training session RPE
category, s-RPE, TRIMP, HRex (% HRpeak), and time spent at > 90 % of HRpeak
were assessed.

Results: A very large correlation was found between s-RPE and TRIMP (r =0.78;
95 % confidence interval: [0.74—0.82]). Significant differences were observed
between % HRpeak associated with each RPE value (i.e., RPE = 2 AU [68 %; 65—
69 % of % HRpeak]; RPE 3 [72 %; 69—75 %)]; RPE 4 [79 %; 76-82 %]; RPE 5 [84
%; 81 %—87 %]; X? =73.34,; df = 3; P < 0.001). Intra-and inter-player coefficients
of variation for the time spent > 90 % of HRpeak (~8 % of training time, ~7 min per
session) during training sessions were 73 % and 92 %, respectively.
Conclusion: In conclusion, it was confirmed that s-RPE and TRIMP, displayed
good convergent validity and different values of % HRpeak Were observed for each
discrete RPE. However, due to the high variability in the time > 90 % of HRpeak,
careful monitoring of individual exercises should be performed to ensure the

desired training stimulus for each player.
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Manuscript has been published in a journal issue: accepted author manuscript
version reprinted, by permission from International Journal of Sports Physiology
and Performance, 2018, 13(5), 638-644, https://doi.org/10.1123/ijspp.2017-0681.
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ORIGINAL INVESTIGATION

Effects of Late-Night Training on “Slow-Wave Sleep Episode”
and Hour-by-Hour-Derived Nocturnal Cardiac Autonomic Activity

in Female Soccer Players

Julio A. Costa, Joao Brito, Fabio Y. Nakamura, Eduardo M. Oliveira, and Antonio N. Rebelo

Purpose: To assess the sensitivity of nocturnal heart-rate-variability-monitoring methods to the effects of late-night soccer training
sessions in female athletes. Methods: Eleven female soccer players competing in the first division of the Portuguese soccer league
wore heart-rate monitors during sleep at night throughout a 1-wk competitive in-season microcycle, after late-night training sessions
(n=3) and rest days (n = 3). Heart rate variability was analyzed through “slow-wave sleep episode” (10-min duration) and “hour by
hour” (all the RR intervals recorded throughout the hours of sleep). Training load was quantified by session rating of perceived
exertion (281.8 [117.9] to 369.0 [111.7] arbitrary units [a.u.]) and training impulse (77.5 [36.5] to 110.8 [31.6] a.u.), added to
subjective well-being ratings (Hopper index = 11.6 [4.4] to 12.8 [3.2] a.u.). These variables were compared between training and rest
days using repeated-measures analysis of variance. Results: The log-transformed slow-wave sleep-episode cardiac autonomic
activity (InRMSSD [natural logarithm of the square root of the mean of the sum of the squares of differences between adjacent normal
RR intervals] varying between 3.92 [0.57] and 4.20 [0.60] ms; nf, =.16; 95% confidence interval, .01-.26), InHF (natural logarithm
of high frequency), InLF (natural logarithm of low frequency), InSD, (natural logarithm of short-term beat-to-beat variability), and
InSD, (natural logarithm of long-term beat-to-beat variability), and the nontransformed LF/HF were not different among night-
training session days and rest days (P > .05). Considering the hour-by-hour method (InRMSSD varying between 4.05 [0.35] and 4.33
[0.32] ms; ’75 = .46; 95% confidence interval, .26-.52), InHF, InLF, InSD,, and InSD, and the nontransformed LF/HF were not
different among night-training session days and rest days (P > .05). Conclusion: Late-night soccer training does not seem to affect

nocturnal slow-wave sleep-episode and hour-by-hour heart-rate-variability indices in highly trained athletes.

Keywords: autonomic nervous system, overnight, overload, recovery, supine

Heart rate variability (HRV) comprises quantitative indices of
variations between consecutive heartbeats (ie, RR intervals), col-
lected in humans under standardized conditions.! For instance, the
use of short-term (5 min) or long-term (24 h) RR intervals recordings
has been recommended.! However, in less controlled but ecolog-
ically valid settings (eg, sports settings), HRV has also been shown
to provide useful markers of positive and negative adaptations to
training.>3 In general, an increase in resting vagally mediated HRV
indices in response to team sports training underlies positive cardiac
autonomic adaptation,>*° whereas persistent reduction of these
indices is associated to fatigue accumulation.”® However, in
some cases (eg, endurance sports), the increase in the parasympa-
thetic activity can indicate an excessive overload leading to loss of
performance and cardiovascular function (eg, reduction in peak heart
rate).”!? Therefore, it has been argued that HRV changes need to be
put into context by concomitantly assessing perceived changes in
training tolerance (using the Daily Analysis of Life Demands for
Athletes questionnaire,'! for example).'°

It is important to highlight that monitoring training-related
cardiac autonomic responses has been facilitated by the use of after
waking ultra-short-term HRV measurement.*>7# In spite of its
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usefulness, this method does not allow the analysis of the time
course of the cardiac autonomic recovery postexercise or the
quantification of HRV during periods of steady physiological
state.'>!3 In this sense, HRV recordings made during night sleep
can be an interesting alternative.

In fact, Bricout et al'* revealed that after competitive matches,
overnight HRV indices (ie, increased low frequency [LF, in ms’]
and reduced high frequency [HF, in ms*]) were significantly altered
compared with the rest day. Though, most studies involving
overnight HRV analysis did not detail the standardization of the
data acquisition and interpretation. This is a crucial step to allow for
comparison of results obtained in different studies.

In this regard, we searched the literature for studies describing
the methods of overnight HRV analysis with enough details to
allow for the replication of the procedures. Accordingly, the “slow-
wave sleep episode” (SWSE)'215:16 was one of the chosen methods
to assess HRV. The SWSE considers (1) the first 10 minutes of
the first low and regular HR episode lasting at least 15 minutes;
(2) the lowest SD of RR intervals (SD of normal to normal RR
intervals [SDNN]) throughout the period of interest; (3) a round
Poincaré plot (ie, a round cluster of points in RR intervals plotted as
a function of the previous one); and (4) a low interbeat autocorre-
lation between successive RR intervals (ie, correlation coefficient
of the Poincaré plot <.5). Using this method, it was observed that a
single session of supramaximal intermittent exercise caused a
reduction in the vagally mediated HRV indices among young
nonathletes during the night sleep following the exercise.!? It is
important to highlight that this method requires the analysis of
“only” 10 minutes out of many hours of sleep.
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In contrast, Myllymaki et al'” proposed to analyze the over-
night sleep cardiac autonomic activity using an ‘“hour-by-hour”
approach, thus using all the RR intervals recorded throughout the
hours of sleep. They found that vigorous late-night exercise did not
disturb sleep quality.!” However, it affected the cardiac autonomic
control during the first sleeping hours. To date, no studies have
concurrently analyzed the sensitivity of both methods (SWSE or
“hour-by-hour”) in detecting the effects of acute training sessions
in highly trained athletes, with special reference to assessing the
autonomic activity following late-night team sports training.

Therefore, the purpose of this study was to assess the sensi-
tivity of nocturnal HRV methods to the effects of late-night soccer
training sessions in female athletes. We also aimed to compare
training days with nontraining days with regards to overnight
cardiac autonomic activity.

Methods
Subjects

In total, 11 female soccer players (5 defenders, 4 midfielders, and
2 forwards; age=21.5 [0.9] y, height=162.6 [1.9] cm, and
body mass =56.7 [1.7] kg) competing in the first division of the
Portuguese soccer league participated in the study. Prior to the
study commencement, the study design was carefully explained
to the subjects, and a written informed consent was obtained. The
study followed the Declaration of Helsinki and was approved by
the University of Porto, Faculty of Sports, ethics committee
(CEFADE 03.2017).

Design

This was a single-group observational study that measured internal
training load (TL) (by mean of training impulse [TRIMP] and
session rating of perceived exertion [SRPE]), nocturnal cardiac
autonomic activity, and well-being ratings during a 1-week com-
petitive in-season cycle in female soccer players.

The training sessions planned by the coach for the observation
week are outlined in Table 1. All training sessions (Monday, Wednes-
day, and Friday) started at the same hour of day (21:00 h). Three
training sessions were completed (n = 3). Rest days were considered
as all the other nights without previous training session (n = 3).

During the study period, the subjects were asked to follow their
normal sleep-wake cycle in their own houses to avoid disturbing
their habits.!” Each athlete self-performed the wearable RR interval
recordings at home, being instructed to attach the device (Firstbeat
Bodyguard 2®; Firstbeat Technologies, Jyviskyld, Finland) to the
right side of the body, below the collar bone, with the other end
attached to the left side on the rib cage (using ECG electrodes;
Ambu® BlueSensor L, Copenhagen, Denmark), just before going to
the bed. The device used in this study is considered valid when
compared with standard electrocardiogram equipment to detect
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heartbeats.!® In the following morning, they were instructed to
gently remove the electrodes and the device before leaving the
bed. It is important to highlight that there was some variation on the
time the players went to bed (ie, between 00:00 h and 01:00 h,
approximately), after night-training session days and rest days,
because their habits were not constrained by the study procedures,
granting high ecological validity to the study.

During each night-training session, HR and TRIMP'® (calculated
using the following formula: 7' X [(HRx — HR o)/ (HR jax — HR (e ] X
0.86¢" 7 IHRaHR (R HR w1,y hare T'= duration of the workout,
HR., =heart rate during workout, HR ., = resting heart rate, HR ..., =
maximal heart rate, and e ~2.718) were recorded. Approximately
15 minutes before each training session,?® players were asked to rate
their well-being scores relative to fatigue, stress level, delayed onset
muscle soreness, and sleep quality/disorders on a scale with a range of
1 to 7 in accordance with Hooper et al.”! RPE was collected after each
night-training session.??

During the 5 weeks prior to the study, players were familiar-
ized with the devices used during the investigation to avoid training
activities or the sleep pattern be disturbed using an extraneous
equipment. All night-training sessions were performed on outdoor
artificial grass pitch, which was the usual training venue of the
investigated team, where ambient temperature normally ranged
between 18°C and 20°C.

Methodology

Training Load. Heart rate data during the training sessions were
recorded via radio telemetry Firstbeat Sports (Firstbeat Sports,
Jyviskyld, Finland) and was exported to the Firstbeat Sports Server®
software (version 4.7.3.1). A TL score (ie, Firstbeat TRIMP) was
calculated automatically by the Firstbeat Sports software.

In addition, the sSRPE was determined using the CR-10 rating-
of-perceived-exertion (RPE) scale modified by Foster et al?? that
translates the player’s perception of effort into a numerical score
between 0 and 10 (training intensity as indicated by RPE). RPE was
obtained approximately 15 to 30 minutes after the training session,
as described by Foster.?*

Subjective Well-Being Ratings. The Hooper index is a method
based on self-analysis questionnaire involving the well-being
ratings relative to fatigue, stress level, delayed onset muscle
soreness, and sleep quality/disorders.?!

Cardiac Autonomic Activity. Two different methods were used
to analyze the cardiac autonomic activity during night sleep: the
SWSE method (as proposed by Brandenberger et al'®) and the
“hour-by-hour” method (as proposed by Myllymaki et al'”).

The SWSE method records the 10 minutes of normal RR
interval period using Kubios HRV 3.0.0® software (Kubios Oy,
Kuopio, Finland) considering the criteria outlined in the introduc-
tion. The hour-by-hour method divides the overnight sleep into
consecutive 1-hour periods for the cardiac autonomic activity

Table 1 Typical Weekly Training Program for the Female Soccer Players
Monday Tuesday Wednesday Thursday Friday Saturday
Training week Conditioning 10 Rest Conditioning 10’ Rest Conditioning 10’ Rest
SSG 80’ ST/PT 20’ TEC/TAC 80’
TEC/TAC 60’

Abbreviations: SSG, small-sided games of different formats (small =4 x4 and large = 10 x 10); ST/PT, strength—power training; TAC, tactical training; TEC, technical
training. Note: Conditioning aimed at improving aerobic capacity involving interval and continuous runs.
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Table 3 Variations of Subjective Ratings, HR.x, and TRIMP During the Night-Training Session Days (N=11)

TD1, mean (SD);
min—-max

TD2, mean (SD);
min—-max

TD3, mean (SD);
min—-max

SRPE, a.u. 281.8 (117.9); 90.0-490.0 369.0 (111.7); 231.0-539.0 324.7 (115.3); 234.0-616.0
HR.,, bpm 138.2 (13.2); 120.0-159.0 149.5 (16.8); 127.0-176.0 139.0 (14.0); 114.0-161.0
TRIMP, a.u. 77.5 (36.5); 18.0-132.0 102.3 (37.0); 59.0-173.0 110.8 (31.6); 52.0-156.0

Rating of sleep, a.u. 2.4 (0.9); 1.0-4.0
2.1 (1.2); 1.0-4.0

3.6 (1.7); 1.0-6.0

3.0 (0.8); 2.0-4.0
2.5 (1.0); 1.04.0
3.5 (1.5); 1.0-6.0

3.5 (1.2); 1.0-5.0
2.7 (1.1); 1.0-4.0
3.5 (1.4); 2.0-6.0
3.5 (1.6); 1.0-6.0 3.3 (1.2); 2.0-5.0 3.1 (1.2); 2.0-5.0
11.6 (4.4); 5.0-17.0 12.3 (3.3); 7.0-16.0 12.8 (3.2); 7.0-17.0

Abbreviations: a.u., arbitrary units; bpm, beats per minute; HR., the average heart rate during exercise; max, maximum; min, minimum; sRPE, session rating of perceived
exertion; TD, training day; TRIMP, training impulse. Note: All data are presented as mean (SD).

Rating of stress, a.u.
Rating of fatigue, a.u.
Rating of muscle soreness, a.u.

Hooper index, a.u.

Table 4 Means, SDs, and ESs Using Partial Eta-Squared Calculations and 95% CI of Cardiac Autonomic Activity
(SWSE Method) Over the 6 Nights After Late-Night Training Sessions and Rest Days (N=11)

Cardiac autonomic

activity (SWSE First night Second night Third night Forth night Fifth night Sixth night P

method) (TD1) (RD1) (TD1) (RD2) (TD1) (RD3) (ANOVA) 72 (95% CI)
Heart rate, bpm 57.0 (5.3) 55.6 (5.4) 57.3 (5.0) 55.9 (5.6) 579 (54)  56.8 (5.5) 35 .103 (.01-.20)
InRR interval, ms 6.97 (0.09) 7.0 (0.09) 6.96 (0.09)  7.00 (0.10)  6.95(0.09) 6.97 (0.10) 32 107 (.01-.21)
InRMSSD, ms 4.09 (0.35) 4.03 (0.51) 4.02 (0.49) 420 (0.60) 3.92 (0.57) 3.94 (0.67) 15 163 (.01-.26)
InSDNN, ms 3.79 (0.31) 3.74 (0.52) 3.73 (0.48) 3.86 (0.59)  3.62(0.56) 3.62 (0.59) 18 138 (.01-.25)
InSD;, ms 3.74 (0.35) 3.69 (0.51) 3.68 (0.48)  3.86 (0.60) 3.58 (0.58)  3.60 (0.68) 15 146 (.01-.26)
InSD,,ms 3.79 (0.33) 3.76 (0.55) 3.74 (0.49) 3.83 (0.61) 3.64 (0.61) 3.61 (0.53) .26 119 (.01-.22)
InLF, ms? 6.01 (0.88) 6.00 (1.48) 5.88 (1.31)  6.17 (1.24)  5.62 (1.24)  5.62 (1.25) 30 115 (.01-.22)
InHF, ms” 7.16 (0.61) 6.99 (0.95) 7.01 (0.88) 7.24 (1.08)  6.81 (1.07)  6.80 (1.16) 18 137 (.01-.25)
LF/HF, ms> 0.37 (0.18) 0.50 (0.48) 0.46 (0.43) 041 (0.29)  0.40 (0.33)  0.36 (0.21) 68 .059 (.00-.14)
InTP, ms 7.50 (0.65) 7.41 (1.10) 739 (0.94)  7.60 (1.16)  7.15(1.10)  7.14 (1.12) 16 143 (.01-25)

Abbreviations: ANOVA, analysis of variance; bpm, beats per minute; CI, confidence interval; ES, effect size; HF, high frequency; LF, low frequency; LF/HF, ratio of the
low-to-high frequency power; RD, rest day; RMSSD, the square root of the mean of the sum of the squares of differences between adjacent normal-to-normal intervals;
RR interval, variations between consecutive heartbeats (beat to beat); SD;, short-term beat-to-beat variability; SD,, long-term beat-to-beat variability; SDNN, SD of

normal-to-normal RR intervals; SWSE, slow-wave sleep episode; TD, training day; TP, entire power spectral area. Note: All data are presented as mean (SD).

0.26-0.76, small) and the 6h (ES=0.42; 95% CI, 0.22-0.62,
small) compared with the 2h. Also, parasympathetic-related
InSD; was significantly increased (P<.001) in the 5h (ES=
0.30; 95% CI, 0.15-0.45, small) compared with 2h. In the rest
days, InLF was significantly increased (P <.001) in the 6 h com-
pared with the 1 h (ES=0.44; 95% ClI, 0.23-0.65, small) and the
3h (ES=0.22; 95% CI, 0.11-0.33, small). Moreover, InTP was
significantly increased (P <.001) in the 6 h (ES=0.34; 95% CI,
0.17-0.51, small) compared with the 3 h. No differences between
night-training session days and rest days were found in relation to
sympathovagal balance LF/HF (P > .05).

The CV% and ICC (95% CI) of InRMSSD are presented in
Table 6. In all cases, the CV% was low (4.21%-6.14%), and the
ICC was very large to near perfect (.89-.95), attesting the high
reproducibility of the indices across the days, irrespective of
training or not in that day.

Discussion

The present study evaluated the sensitivity of nocturnal HRV
methods to the effects of late-night soccer training sessions in
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female athletes. No significant HRV changes were noticed during
the training days compared with the nontraining days. These
findings may indicate that the referred methods are not sensitive
enough to detect the overnight cardiac autonomic activity distur-
bances. Alternatively, and more likely, it could also be stated that
the amount of TL prescribed to the investigated soccer team was
not high enough to cause meaningful changes on the cardiac
sympathetic and parasympathetic activities. Nevertheless, some
specific temporal changes were detected in the “hour-by-hour”
vagally mediated HRV (ie, INRMSSD and InHF), suggesting an
increment in the cardiac parasympathetic modulation in the hours
preceding awakening in the training days.

Regarding the TL, it appears that the sRPE (281.8 [117.9] to
369.0 [111.7] arbitrary units [a.u.]) and TRIMP (77.5 [36.5] to
110.8 [31.6] a.u.) during 3 night-training sessions were not high
enough to cause overnight changes in the sympathetic and para-
sympathetic systems. In a study conducted by Impellizzeri et al??
involving 19 young male soccer players, the mean sRPE during
soccer-specific sessions ranged between 343 (65) and 634 (116).
Moreover, Milanez et al’' reported that professional female
futsal players accumulated between 343 and 419 a.u. (sRPE).

No. 5, 2018
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Table 5 Means, SDs, Statistically Significant Differences, and ESs Using Partial Eta-Squared Calculations and
95% CI of Different Cardiac Autonomic Activity (Hour-by-Hour Method) During Night Sleep After 3 Night-Training
Session Days and 3 Rest Days (N=11)

Cardiac

autonomic Different P

activity conditions 1h 2h 3h 4h 5h 6h (ANOVA) n,z, (95% ClI)

Heart rate, bpm TD 645 (6.1) 627 (5.5) 61.4(5.6) 59.6 (4.8) 582 (4.6 589 (4.8) 001% 610 (45-.66)
RD 58.8 (5.00° 57.6(5.5° 57.6 47" 565 @4.7) 564(52) 564 (4.79)

InRR interval, ms TD 6.86 (0.09) 6.88 (0.09) 6.90 (0.09) 6.93 (0.08)" 6.95 (0.08)° 6.93 (0.11) 001% 587 (42-.64)
RD 6.95 (0.09)° 6.96 (0.09)° 6.97 (0.08)° 6.98 (0.08) 6.99 (0.09) 6.99 (0.08)

InRMSSD, ms TD 4.15 (0.35)  4.05(0.35) 4.09 (0.31) 4.18 (0.32) 4.31 (0.34)° 4.33 (0.32)° 001% 455 (26-.52)
RD 426 (0.36) 4.22 (0.45) 4.24 (0.35) 4.31 (0.36) 439 (0.38)  4.42 (0.34)

InSDNN, ms TD 4.04 (0.25) 3.95(0.31) 3.98 (0.27) 4.04 (0.30) 4.12 (0.33) 4.14 (0.30) 001% 381 (.18-.45)
RD 4.08 (0.28) 4.03 (0.37) 4.07 (0.29) 4.12 (0.32) 4.21 (0.33) 4.24 (0.31)

InSD;, ms TD 3.80 (0.35) 3.70 (0.34) 3.74 (0.31) 3.83 (0.33) 3.96 (0.34)° 3.98 (0.32) 001% 454 (26-.52)
RD 3.92 (0.36) 3.88 (0.45) 3.89 (0.35) 3.96 (0.36) 4.05 (0.38) 4.07 (0.34)

InSD,, ms TD 418 (0.21) 4.09 (0.31) 4.13 (0.27) 4.17 (0.30) 4.23 (0.33) 4.25 (0.31) 001% 321 (.12-.39)
RD 4.19 (0.25) 4.14 (0.33) 4.18 (0.29) 4.23 (0.32) 4.31 (0.31) 4.36 (0.31)

InLF, ms? TD 7.02 (0.48) 6.94 (0.74) 7.03 (0.64) 7.07 (0.71) 7.15 (0.80)  7.25 (0.68) 001% 287 (.09-.35)
RD 7.12 (0.54) 6.98 (0.80) 7.10 (0.64) 7.17 (0.77) 7.41 (0.68) 7.49 (0.68)°

InHF, ms? TD 7.17 (0.73)  7.04 (0.64) 7.03 (0.61) 7.23 (0.62) 7.51 (0.66)° 7.52 (0.65) 001% 429 (23-.49)
RD 7.30 (0.67)  7.30 (0.79) 7.33 (0.63) 7.46 (0.66) 7.64 (0.71) 7.67 (0.65)

LF/HF, ms’ TD 1.03 (0.61) 1.02 (0.44) 1.27 (0.77) 0.99 (0.62) 0.85 (0.43)  0.85 (0.34) .09 183 (01-.24)
RD 0.86 (0.43) 0.85 (0.46) 0.91 (0.42) 0.86 (0.41) 0.90 (0.43)  0.96 (0.50)

InTP, ms TD 7.91 (0.56) 7.80 (0.65) 7.88 (0.54) 7.97 (0.60) 8.15 (0.68) 8.19 (0.63) 001% 384 (.18-.45)
RD 7.97 (0.56) 7.96 (0.74) 8.04 (0.58) 8.13 (0.66) 8.33 (0.65) 8.39 (0.62)°

Abbreviations: ANOVA, analysis of variance; bpm, beats per minute; CI, confidence interval; ES, effect size; HF, high frequency; LF, low frequency; LF/HF, ratio of the low-
to-high frequency power; RD, rest day; RMSSD, the square root of the mean of the sum of the squares of differences between adjacent normal to normal intervals; RR interval,
variations between consecutive heartbeats (beat to beat); SD;, short-term beat-to-beat variability; SD,, long-term beat-to-beat variability; SDNN, SD of normal to normal
RR intervals; TD, training day; TP, entire power spectral area. Note: All data are presented as mean (SD). All variables were calculated for the whole-night sleep period.
“Significant difference versus 1 h of TD night. ®Significant difference interconditions. “Significant difference versus 2 h of TD night. “Significant difference versus 1 h of
RD night. “Significant difference versus 3 h of RD night.

*Statistical significance is expressed as P <.05.

Table 6 CVs, ICCs, and 95% Cls Representing Nocturnal Changes, Using 2 Different Methods, in the InNRMSSD
(N=11)

Hour-by-hour method

SWSE method
(TD1, RD1; TD2, RD2;

HRV index 1h 2h 3h 4h 5h 6h and TD3, RD3)
InRMSSD

CV% 5.32 5.61 5.54 5.29 4.21 4.87 6.14

ICC .92 .93 .90 .89 .95 .90 .95

(95% CI) (.81-.98) (.85-.98) (.77-97) (.75-97) (.89-.99) (.78-97) (.89-.99)

Abbreviations: CI, confidence interval; CV, coefficient of variation; HRV, heart-rate variability; ICC, intraclass correlation coefficient; InRMSSD, natural logarithm of the
square root of the mean of the sum of the squares of differences between adjacent normal RR intervals; RD, rest day; RR interval, variations between consecutive heartbeats
(beat to beat); SWSE, slow-wave sleep episode; TD, training day.

Furthermore, in that study, it was possible to see (in a subsample)
increased stress symptoms (ie, reduced salivary immunoglobulin A
and number of “worse than normal” responses to the Daily
Analysis of Life Demands for Athletes questionnaire)'! when
the sRPE overcame ~500 a.u. per day. Therefore, it can be
hypothesized that high levels of TL (eg, >600 a.u. sRPE), which
is typical during soccer matches,?> can substantially disturb over-
night HRV. This topic deserves future studies. For the moment, it is
clear that in highly trained female soccer players, TL in the range
observed herein does not induce significant changes in HRV during
postexercise night sleep. Supporting this notion, the perceived

well-being (as established by Hooper et al?!) of the players across
the training days did not significantly change, thus indicating that
the amount of TL of the investigated week was well tolerated by the
players.

Itis currently accepted that overnight sleep measurements over
a number of days are appropriate for tracking the recovery of HRV
following high-intensity exercise.!? Notably, the SWSE is consid-
ered as the most restorative sleep stage’> due to the pronounced
vagal tone compared with other sleep episodes or wake activities.!*
In a previous study,'? by using this method, it was shown that high-
intensity interval training performed in the morning by team sport
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players was capable of disturbing the SWSE HRYV indices 12 hours
later (overnight period). Hence, it was expected that late-night
soccer training would also disturb the cardiac autonomic activity in
the present study. However, the training days did not result in
significantly different HRV values compared with the rest days.
Hence, the findings suggest that soccer training (mostly technical
and tactical drills) is not as stressful as “generic” physical training
involving interval runs, especially due to the relatively low TL
undertaken by the players, as previously mentioned.

However, in this study, a late-night exercise caused significantly
(P <.001) higher HR during sleep during the first 3 sleeping hours
(17% =.610; 95% CI, .45-.66, large effect), using the “hour-by-hour”
analysis. Previous studies concerning this topic have reported
elevated HR during sleep after a strenuous exercise day?? and
prolonged submaximal exercise.>* In fact, high-intensity running
exercise has shown to reduce HRV for 30 to 60 minutes after
exercise in trained and highly trained subjects,®> whereas HR
remained elevated for a longer period (up to 2 h).’> Interestingly,
some specific time-dependent changes were detected (P <.001)
in the “hour-by-hour” overnight HRV during the training days,
suggesting an increased cardiac autonomic modulation (as expressed
by both InLF [ng =.287; 95% CI, .09-.35, large effect] and InHF
[nf, =.429; 95% CI, .23-.49, large effect]) in the hours preceding
awakening. Thus, it appears that the “hour-by-hour” HRV method
was more sensitive to detect overnight changes in sympathetic and
parasympathetic systems compared with the SWSE method.

The InRMSSDcyv has also been assessed in studies involving
highly trained athletes as a marker of weekly variation in daily
assessed InRMSSD.3¢ Esco et al*¢ found in a collegiate male runner
throughout a competitive season that 8-km endurance race time was
related to INRMSSDcv (r=.92), indicating that a high variation in
the weekly cardiac vagal activity is associated with poor perfor-
mance. In addition, high InRMSSDcv was associated positively
with perceived fatigue and negatively with physical fitness of
female soccer players.® In contrast, a reduced InRMSSDcv without
a clear decrease in the InRMSSD appears to reflect improved
training adaptation?® and possibly a higher level of readiness to
perform.3¢ In our study, InRMSSD derived from both methods
(SWSE and “hour-by-hour”) displayed low CVs (4.21%-6.14%).
The high ICC (.89-.95) found in all measures strengthen the
consistency of the HRV measured in the current study and support
previous a finding about the high levels of reliability of HRV
indices in athletes.3 Interspersing measurements by long intervals
(eg, 7 d) are shown to reduce the reliability of InRMSSD so that CV
can increase to >12%.2% However, for the purposes of monitoring
athletes, measurements performed during consecutive days or
within the same week are more useful to interpret adaptations.®=5:13

Of importance, this study comprised only 1 week of observa-
tion. However, as it was a typical training week, it can be inferred
that players of the investigated team were coupling well with the
loads, given that their InNRMSSDcv did not indicate any sign of
perturbation of cardiac autonomic activity.® A recent study showed
that InRMSSDcv measured in swimmers can increase to values
>10% during overload periods.>” However, caution should be taken
while comparing studies because in our case, the HRV was
measured during sleep, whereas in most investigations, it was
measured early in the morning® or at training facilities arrival. %7

Conclusion and Practical Applications

This study showed that changes on HR during sleep after late-night
soccer training sessions can occur, especially during the first
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sleeping hours. However, late-night soccer training does not
seem to affect SWSE and “hour-by-hour” HRV indices in com-
parison with rest days. These findings may indicate that these
methods are not sensitive enough to detect the overnight cardiac
autonomic activity disturbances. Alternatively, and more likely,
our findings indicate that the late-night TLs undertaken by the
investigated team, as measured by TRIMP (77.5 [36.5] to 110.8
[31.6] a.u.) and sRPE (281.8 [117.9] to 369.0 [111.7] a.u.), were
not high enough to disturb the cardiac autonomic function
of highly trained female soccer players during their sleep hours.
In conclusion, late-night soccer training does not seem to affect
SWSE and “hour-by-hour” HRV indices in highly trained athletes,
but it elevated HR, during the first 3 sleeping hours after the night-
training sessions, suggesting that the latter method can be more
useful to detect acute training—related changes. However, as the
implementation of both methods resulted in highly reliable
InRMSSD measures, it can be put forth that overnight HRV can
be sensitive (ie, high-internal responsiveness) to positive and
negative changes due to training and competition.

Acknowledgments

The authors would like to thank to the players, coaching staff, and athletic
training staff for their participation. FIFA Jodo Havelange Research
Scholarship 2017 (International Centre for Sports Studies [CIES] and
Fédération Internationale de Football Association [FIFA]) funding was
provided for this study. The study was also supported by a doctoral grant
from Fundag@o para a Ciéncia e a Tecnologia (SFRH/BD/128531/2017).
The authors have no conflict of interest to disclose.

References

1. Task Force. Heart rate variability: standards of measurement, physi-
ological interpretation and clinical use. Task Force of the European
Society of Cardiology and the North American Society of Pacing and
Electrophysiology. Circulation. 1996;93:1043-1065. PubMed doi:
10.1161/01.CIR.93.5.1043

2. Plews DJ, Laursen PB, Stanley J, Kilding AE, Buchheit M. Training
adaptation and heart rate variability in elite endurance athletes:
opening the door to effective monitoring. Sports Med. 2013;43(9):
773-781. PubMed doi:10.1007/s40279-013-0071-8

3. Halson SL. Monitoring training load to understand fatigue in athletes.
Sports Med. 2014;44(suppl 2):139-147. doi:10.1007/s40279-014-
0253-z

4. de Freitas VH, Pereira LA, de Souza EA, Leicht AS, Bertollo M,
Nakamura FY. Sensitivity of the Yo-Yo Intermittent Recovery Test
and cardiac autonomic responses to training in futsal players. Int J
Sports Physiol Perform. 2015;10(5):553-558. PubMed doi:10.1123/
ijspp.2014-0365

5. Esco MR, Flatt AA, Nakamura FY. Initial weekly HRV response is
related to the prospective change in VO,,,,« in female soccer players.
Int J Sports Med. 2016;37(6):436-441. PubMed doi:10.1055/s-0035-
1569342

6. Nakamura FY, Pereira LA, Rabelo FN, et al. Monitoring weekly heart
rate variability in futsal players during the preseason: the impor-
tance of maintaining high vagal activity. J Sports Sci. 2016;34(24):
2262-2268. doi:10.1080/02640414.2016.1186282

7. Flatt AA, Esco MR, Nakamura FY. Individual heart rate variability
responses to preseason training in high level female soccer players.
J Strength Cond Res. 2016;31(2):531-538. PubMed doi:10.1519/
JSC.0000000000001482

IJSPP Vol. 13, No. 5, 2018

47



Downloaded by on 02/08/19

644

8.

11.

12.

13.

15.

16.

17.

18.

20.

21.

Costa et al

Flatt AA, Esco MR, Nakamura FY, Plews DJ. Interpreting daily heart
rate variability changes in collegiate female soccer players. J Sports
Med Phys Fitness. 2017;57(6):907-915. PubMed doi:10.23736/
S0022-4707.16.06322-2

. Le Meur Y, Pichon A, Schaal K, et al. Evidence of parasympathetic

hyperactivity in functionally overreached athletes. Med Sci Sports
Exerc. 2013;45:2061-2071. doi:10.1249/MSS.0b013e3182980125

. Bellenger CR, Karavirta L, Thomson RL, Robertson EY, Davison K,

Buckley JD. Contextualizing parasympathetic hyperactivity in func-
tionally overreached athletes with perceptions of training tolerance.
Int J Sports Physiol Perform. 2016;11(7):685-692. PubMed doi:
10.1123/ijspp.2015-0495

Rushall BS. A tool for measuring stress tolerance in elite athletes.
J Appl Sport Psychol. 1990;2:51-66. doi:10.1080/104132090084
06420

Al Haddad H, Laursen PB, Ahmaidi S, Buchheit M. Nocturnal heart
rate variability following supramaximal intermittent exercise. Int J
Sports Physiol Perform. 2009;4(4):435-447. PubMed doi:10.1123/
ijspp.4.4.435

Boullosa DA, Abreu L, Nakamura FY, Munoz VE, Dominguez E,
Leicht AS. Cardiac autonomic adaptations in elite Spanish soccer
players during preseason. Int J Sports Physiol Perform. 2013;8(4):
400-409. PubMed doi:10.1123/ijspp.8.4.400

. Bricout VA, DeChenaud S, Favre-Juvin A. Analyses of heart

rate variability in young soccer players: the effects of sport activity.
Auton Neurosci. 2010;154(1):112-116. doi:10.1016/j.autneu.2009.
12.001

Buchheit M, Simon C, Piquard F, Ehrhart J, Brandenberger G.
Effect of increased training load on vagal-related indexes of heart
rate variability: a novel sleep approach. Am J Physiol Heart Circ
Physiol. 2004;287:H2813-H2818. PubMed doi:10.1152/ajpheart.
00490.2004

Brandenberger G, Buchheit M, Ehrhart J, Simon C, Piquard F. Is slow
wave sleep an appropriate recording condition for heart rate vari-
ability analysis? Auton Neurosci Basic Clin. 2005;121:81-86. doi:
10.1016/j.autneu.2005.06.002

Myllymaki T, Kyrolainen H, Savolainen K, et al. Effects of vigorous
late-night exercise on sleep quality and cardiac autonomic activity.
J. Sleep Res. 2011;20:146-153. PubMed doi:10.1111/j.1365-2869.
2010.00874.x

Parak J, Korhonen I. Accuracy of Firstbeat BodyGuard 2 beat-to-beat
heart rate monitor. 2015. https://www firstbeat.com/app/uploads/2015/
10/white_paper_bodyguard2_final.pdf. Accessed May 8, 2017.

. Banister EW. Modeling elite athletic performance. In: MacDougall

JD, Wenger HA, Green HIJ, eds. Physiological Testing of the
High-Performance Athlete. Champaign, IL: Human Kinetics; 1991:
403-424.

Haddad M, Chaouachi A, Wong DP, et al. Influence of fatigue, stress,
muscle soreness and sleep on perceived exertion during submaximal
effort. Physiol Behav. 2013;119:185-189. PubMed doi:10.1016/
j-physbeh.2013.06.016

Hooper SL, Mackinnon LT, Howard A, Gordon RD, Bachmann AW.
Markers for monitoring overtraining and recovery. Med Sci Sports
Exerc. 1995;27(1):106-112.  doi:10.1249/00005768-199501000-
00019

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Impellizzeri FM, Rampinini E, Coutts AJ, Sassi A, Marcora SM.
Use of RPE-based training load in soccer. Med Sci Sports Exerc.
2004;36(6):1042—1047. PubMed doi:10.1249/01.MSS.0000128199.
23901.2F

Foster C, Florhaug JA, Franklin J, et al. A new approach to monitor-
ing exercise training. J Strength Cond Res. 2001;15(1):109-115.
PubMed

Foster C. Monitoring training in athletes with reference to over-
training syndrome. Med Sci Sports Exerc. 1998;30(7):1164-1168.
PubMed doi:10.1097/00005768-199807000-00023

Tarvainen MP, Niskanen JP, Lipponen JA, Ranta-Aho PO,
Karjalainen PA. Kubios HRV—heart rate variability analysis soft-
ware. Comput Methods Programs Biomed. 2014;113(1):210-220.
PubMed doi:10.1016/j.cmpb.2013.07.024

Mourot L, Bouhaddi M, Perrey S, et al. Decrease in heart rate
variability with overtraining: assessment by the Poincaré plot analy-
sis. Clin Physiol Funct Imaging. 2004;24(1):10-18. PubMed doi:
10.1046/j.1475-0961.2003.00523.x

Song HS, Lehrer PM. The effects of specific respiratory rates on heart
rate and heart rate variability. Appl Psychophysiol Biofeedback.
2003;28(1):13-23. PubMed doi:10.1023/A:1022312815649

Al Haddad H, Laursen PB, Chollet D, Ahmaidi S, Buchheit M.
Reliability of resting and postexercise heart rate measures. Int J
Sports Med. 2011;32(8):598-605. PubMed doi:10.1055/5-0031-
1275356

Cohen J. Statistical Power Analysis for the Behavioral Sciences.
2nd ed. Hillsdale, NJ: Lawrence Erlbaum Associates; 1988.
Hopkins WG. Statistics in observational studies. In: Verhagen E,
van Mechelen W, eds. Methodology in Sports Injury Research.
Oxford, UK: OUP; 2009:69-81.

Milanez VF, Ramos SP, Okuno NM, Boullosa DA, Nakamura FY.
Evidence of a non-linear dose—response relationship between training
load and stress markers in Elite Female Futsal Players. J Sports Sci
Med. 2014;13(1):22-29. PubMed

Akerstedt T, Hume K, Minors D, Waterhouse J. Good sleep—its
timing and physiological sleep characteristics. J Sleep Res. 1997,
6:221-229. PubMed doi:10.1111/j.1365-2869.1997.00221.x

Hauri P. Effects of evening activity on early night sleep. Psychophys-
iology. 1968;4:267-277. doi:10.1111/§.1469-8986.1968.tb02767.x
Mischler I, Vermorel M, Montaurier C, et al. Prolonged daytime
exercise repeated over 4 days increases sleeping heart rate and
metabolic rate. Can J Appl Physiol. 2003;28:616-629. PubMed doi:
10.1139/h03-047

Seiler S, Haugen O, Kuffel E. Autonomic recovery after exercise
in trained athletes: intensity and duration effects. Med Sci Sports
Exerc. 2007;39:1366—1373. PubMed doi:10.1249/mss.0b013e3180
60f17d

Esco MR, Snarr RL, Flatt A, Leatherwood M, Whittaker A. Tracking
changes in maximal oxygen consumption with the heart rate index in
female collegiate soccer players. J Hum Kinet. 2014;42:103-111.
PubMed doi:10.2478/hukin-2014-0065

Flatt AA, Hornikel B, Esco MR. Heart rate variability and psycho-
metric responses to overload and tapering in collegiate sprint-
swimmers. J Sci Med Sport. 2017;20(6):606-610. PubMed doi:10.
1016/j.jsams.2016.10.017

IJSPP Vol. 13, No. 5, 2018

48



Study 2

Manuscript has been published in a journal issue: accepted author manuscript
version reprinted, by permission from International Journal of Sports Physiology
and Performance, 2019, 14(6), 779-787, https://doi.org/10.1123/ijspp.2018-0652.

- Participation in the scientific meeting with oral communication presentation at
Football is Medicine conference in Cidade do Futebol and published in Revista
Oficial da Federacao Portuguesa de Futebol 2018. Edition Extra n°7, pp 36.
FPF, Oeiras, Portugal.

49






International Journal of Sports Physiology and Performance, 2019, 14, 779-787

https://doi.org/10.1123/ijspp.2018-0652
© 2019 Human Kinetics, Inc.

[}
Human Kinetics @

ORIGINAL INVESTIGATION

Does Night Training Load Affect Sleep Patterns and Nocturnal
Cardiac Autonomic Activity in High-Level Female Soccer Players?

Julio A. Costa, Joao Brito, Fabio Y. Nakamura, Eduardo M. Oliveira,
Ovidio P. Costa, and Antonio N. Rebelo

Purpose: To analyze whether exercise training conducted at night disturbs sleep and affects nocturnal cardiac autonomic control
in high-level female athletes. Methods: A total of 18 high-level female soccer players (mean [SD] age 20.4 [2.1] y) wore
actigraphs and heart-rate (HR) monitors during night sleep throughout night training days (n = 8) and resting days (n=38), for 3
consecutive weeks. This was a longitudinal study that measured internal training load, sleep, nocturnal cardiac autonomic
activity, and well-being ratings prior to training sessions. Results: Training load varied across training days (eg, training impulse
range, mean [SD]; effect size, ES [95% confidence interval]: 72.9 [18.8] to 138.4 [29.6] a.u.; Fy ¢, =32.331; nf, =.673[.001-.16],
large effect; P <.001). However, no differences in subjective well-being ratings were observed, although ES was large. Total
sleep time (training days vs resting days: 07:17 [00:47] h vs 07:51 [00:42] h; ES =0.742 [0.59-0.92], P = .005; moderate effect)
and sleep-onset time (00:58 [00:19] h vs 00:44 [00:16] h; ES =0.802 [0.68-0.94], P=.001; moderate effect) were negatively
affected after night training. In addition, small effects were detected for wake-up time, time in bed, and sleep latency (P >.05). No
differences were detected in HR variability during sleep (range of InRMSSD: 4.3 [0.4] to 4.5 [0.4] In[ms] vs 4.6 [0.3] to 4.5 [0.4]
In[ms]; F55,=2.148; P> .05; ;7[% =.112 [.01-.25], medium effect), but HR during sleep was significantly higher after training
days (range of HR: 56 [4] to 63 [7] beats/min vs 54 [4] to 57 [6] beats/min; F 3, =15.956; P <.001; 77[2) = .484 [.20-.63], large
effect). Conclusion: Overall, the results indicate that exercise training conducted at night may disturb sleep and affect HR,

whereas limited effects can be expected in HR variability assessed during sleep in high-level female soccer players.

Keywords: accelerometer, autonomic nervous system, football, heart-rate variability, recovery

Sleep is considered the most important and accessible daily
recovery strategy. However, despite its importance to psychologi-
cal and physiological recovery, athletes often sleep less than
recommended.! Although a minimum of 7 hours of sleep per night
is generally recommended to promote optimal health and cognitive
function among adults aged 18 to 60 years,? athletes usually sleep
for less than 7 hours.? In addition, due to their habitual mental and
physical exertion demands (eg, double daily training sessions),
athletes require more accumulated sleep time. In fact, extended
sleep time can lead to better psychomotor performance and tech-
nical accuracy,* with likely effects on competitive performance.’

Several athletes train or compete during the late evening. For
instance, high-level female soccer players habitually train at very
late hours (21:00 h), close to bedtime sleep, due to their daily life
commitments (eg, job, university) that need to be reconciled with
training schedules.®

Itis currently accepted that overnight sleep measurements over
consecutive days are appropriate for tracking the recovery of heart
rate (HR) variability (HRV) following high-intensity exercise.” In
fact, monitoring training-related cardiac autonomic responses has
been facilitated by the use of ultra-short-term HRV measurement
after waking.® In spite of its usefulness, this method does not allow
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analysis of the time course of cardiac autonomic recovery postex-
ercise or quantification of HRV during periods of longer steady
physiological state.” In this sense, HRV recordings taken during
night sleep could be an interesting alternative.®

Bricout et al® revealed that after competitive matches, overnight
HRV indices (ie, increased low frequency [LF, in milliseconds
squared] and reduced high frequency [HF, in milliseconds squared])
were significantly altered compared with rest days. Interestingly, in
a recent study® it was shown that late-night soccer training did not
affect HRV indices, using the “hour-by-hour” method (recording all
RR intervals over the night sleep) as proposed by Myllymaki et al,'?
in comparison with rest days. However, HR was increased during
the first 3 sleeping hours compared with the control situation. It was
speculated that the training loads experienced by the team were not
high enough to substantially disturb the cardiac autonomic function
during sleep hours. Nonetheless, this study comprised only 1 week
of observation, and the results need to be confirmed in longer and
more representative observations. Furthermore, sleep patterns were
not quantified using objective methods, such as accelerometry.

During congested competitive periods, soccer players follow
strict match and training schedules that can reduce sleep duration'
and impair recovery processes,'! especially when training sessions
and/or competitions occur close to bedtime sleep.!' Consequently,
quantifying the sleep of athletes over several weeks in their usual
environment is essential to accurately characterize normal sleep
patterns. Sargent et al'? followed elite swimmers across 14 conse-
cutive nights and found that early morning (06:00 h) training
sessions restricted sleep duration during the previous night (com-
pared with a rest day). However, Robey et al'3 showed that total
sleep time (TST) was not affected after performing early evening
high-intensity training sessions (starting at ~16:30 h and finishing
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at 18:30 h) in elite youth soccer players, compared with nights
where no evening training was performed. Therefore, further
research is needed to determine whether regular training scheduled
in the late evening (eg, after 21 h) affects sleep patterns in team-
sport athletes. This knowledge could provide information on
training programming in order to optimize recovery by means
of implementing sleep hygiene strategies to extend sleep or plan-
ning daytime naps.'# Furthermore, it is important to use valid load
metrics to properly contextualize the effects of training late in the
night on sleep patterns and the physiology. Training load can be
quantified by session rating of perceived exertion (SRPE), training
impulse (TRIMP), and average HR during the exercise session
(HR.,).!> Moreover, Casamichana et al'® provided evidence of the
validity of these measures of internal load by showing strong
relationships between sRPE, individual HR response (Edwards
method), and Player Load as an objective measure provided by a
global positioning system, in soccer players. Of note, in the
aforementioned study in which overnight HRV was not affected
by the night training sessions in female soccer players, TRIMP
ranged between 77.5 and 110.8 a.u.,° which can be considered a
low training load compared with match load.!”

To date, no studies have simultaneously evaluated sleep
patterns and HRV after late-night training sessions in female soccer
players using internal training loads quantified by valid means.
Interestingly, a recent study demonstrated that changes in HRV
may be associated with sleep quality.'® For example, Werner et al'®
found that higher objective and subjective sleep quality were
associated with higher postwaking vagally-mediated HRV among
a sample of healthy college students. Nonetheless, it is also
important to highlight that sleep patterns and HRV changes that
may occur during sleep after physical exercise can be influenced
whether the athletes are exposed to a chronic (habitual) or acute
(single) late training?° or night official competition.?! For example,
Vitale et al?! showed that the sleep quantity and quality of female
and male athletes were acutely lower during the night immediately
after the night match compared with previous or subsequent nights.
In addition, Myllymaki et al?>? showed that acute physical exercise
(running exercises) in physically active male subjects caused
delayed recovery of nocturnal cardiac autonomic modulation,
but no changes in sleep quality. However, and as already

mentioned above, these results are in contrast with a recent study,®
which showed no changes in nocturnal HRV in athletes who
habitually train in the nighttime due to their daily commitments.

Therefore, the purpose of this study was to investigate whether
training sessions conducted at night disturb sleep and affect cardiac
autonomic control in female athletes, when compared with rest
days, in a representative period of observation (3 wk). It was
hypothesized that sleep patterns and/or autonomic cardiac activity
would be affected by the night training sessions in high-level
female athletes, when compared with rest days.

Methods
Subjects

A total of 18 high-level female semiprofessional soccer players
(6 defenders, 7 midfielders, and 5 forwards; age: 21.4 [2.1] v,
height: 163.3 [5.9] cm, body mass: 57.7 [5.7] kg) competing in the
first division of the Portuguese Soccer League participated in the
study. The study design was carefully explained to the athletes, and
written informed consent was obtained. The study followed the
Declaration of Helsinki and was approved by the ethics committee
of the Faculty of Sports, University of Porto (CEFADE 03.2017).
Inclusion criteria were aged =18, female, playing soccer for at least
5 years, and training at least 3 sessions per week. Exclusion criteria
were tobacco use, working in a part-time night job, and medical
conditions contraindicating physical exercise as diagnosed by a
sports medicine physician. Two players were excluded for tobacco
use and 1 player was excluded for being aged <18 years. All
athletes were healthy and did not use any medication during the
study. Players were requested to avoid alcohol, caffeine, and
energy drink consumption during the period of the study. All
athletes had similar academic and job timetables.

Design

This was a single-group longitudinal study that measured internal
training load, sleep, nocturnal cardiac autonomic activity, and well-
being ratings for 3 consecutive weeks (16 d of recordings; Table 1).
Competitive matches were played each Sunday (matches were not

Table 1 Data Collection During 3 Consecutive Weeks (16 d of Recordings)
Week Sunday Monday Tuesday Wednesday Thursday Friday Saturday
1 (days 2-7) — TL CAA TL TL CAA CAA
Well-being Actigraphy Well-being Well-being Actigraphy Actigraphy
CAA CAA CAA
Actigraphy Actigraphy Actigraphy
MD TD1 RD1 TD2 TD3 RD2 RD2
2 (days 9-14) — TL CAA TL TL CAA CAA
Well-being Actigraphy Well-being Well-being Actigraphy Actigraphy
CAA CAA CAA
Actigraphy Actigraphy Actigraphy
MD TD4 RD4 TDS5 TD6 RDS5 RD6
3 (days 16-19) — TL CAA TL CAA — —
Well-being Actigraphy Well-being Actigraphy
CAA CAA
Actigraphy Actigraphy
MD TD7 RD7 TD8 RD8 — —

Abbreviations: CAA, cardiac automatic activity; MD, match day; RD, rest day; TL, training load; TD, training day. Note: TL and well-being were assessed each night
training session. Cardiac autonomic activity and actigraphy were assessed during night sleep, and after each TD (represented as gray area) and RD.
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included in the analysis due to organizational restraints). Eight
night training days (TD; Monday, Wednesday, and Thursday) and
8 resting days (RD; Tuesday, Friday, and Saturday) were analyzed.
All training sessions started at around 9 PM (21:08 [00:19] h) and
lasted 01:24 (00:08) hours. The training practices proposed by the
coach during each session consisted mostly of: soccer practice
(skill development and small-sided games [4 vs 4]); resistance
training (whole-body workouts involving power cleans and squats);
and scrimmages (10 vs 10) (training volume: week 1, 4:28 [00:12] h;
week 2, 4:24 [00:18] h; week 3, 4:31 [00:16] h).

The athletes were asked to follow their normal sleep—wake
cycle in their own houses to avoid disturbing their regular habits.
Each athlete put the RR interval monitor and wrist-worn accelerom-
eter on at home. There was some variation in the time the athletes
went to bed (bedtime, time in h:min corresponding to lying down;
TD: between 00:30 and 01:10 h; RD: between 23:50 and 00:30 h;
approximately). The study procedures did not constrain the sleeping
habits of the athletes, granting higher ecological validity to the
investigation. Each morning, the athletes were instructed to gently
remove the electrodes and accelerometers before leaving bed.
During each training session, SRPE, TRIMP, and HR., were
assessed. Well-being was assessed prior to each training session.

One week before starting the data collection, the athletes com-
pleted a Yo-Yo Intermittent Endurance Test Level 2 (YYIET2).23
The distance covered and peak HR (HR.x) were recorded.

During the 5 weeks prior to the study, athletes were familiar-
ized with the devices used during the investigation to avoid training
activities or sleep pattern being disturbed by the equipment. All
training sessions were performed on an outdoor artificial turf pitch,
which was the usual training venue of the investigated team.
During a 90-minute training session, the athletes were exposed
to >1200 lux (horizontal luminance—using a photometer head-
mounted on an optical bench and measured on a 10 m X 10-m grid
within the playground; 28 compact quartz metal halide lamps with
double-pinch [model: MASTER MHN-LA 2000W/956 400V]
with luminous efficacy 93 Im/W and 5600 K color temperature
[Tk]). Ambient temperature normally ranged between 18 and 20°C.

Methodology

Training Load. Heart-rate data during training sessions were
recorded via radio telemetry (Firstbeat Sports, Jyviskyld, Finland)
and exported to the Firstbeat Sports Server software (version
4.7.3.1). The software also calculated the HR.,, which was ex-
pressed in absolute values (in beats per min), and as a percentage
relative to the individual HRy, (%HRpeqr).

Training impulse was calculated as proposed by Banister>*:

TRIMP =T x [(HRex - HRrest)/ (HRpeak_HRrest)]

% 0.86e! 67 ((HRex—HR o) / (HR pegg—HR et )]

where T represents the duration of the workout in minutes; HR,,
the average HR during exercise; HR ., the average HR during rest,
measured during 5 minutes of seated rest before starting each
training session during the study period; HR e, is determined as
the highest value reached during the YYIET2 test; and e ~2.718.

The RPE was obtained approximately 15 to 30 minutes after
each training session. SRPE was determined using the multiplica-
tion of the CR-10 scale by the duration of the training session.!?

Subjective Well-Being Ratings. Approximately 15 minutes
before each training session, the players completed a questionnaire
involving well-being ratings relative to fatigue, stress level,

Sleep and Cardiac Autonomic Activity in Soccer 781

delayed-onset muscle soreness, and sleep quality/disorders (scales
of 1-7).25 The Hooper Index is the summation of these 4 ratings.

Sleep Actigraphy. Sleep was assessed using 3-axial acceler-
ometers (WGT3X-BT; ActiGraph, LLC, Pensacola, FL) worn on
the nondominant wrist. Wrist-worn accelerometers have been used
to monitor sleep in elite athletes?® and they are validated against
polysomnography.?” Data were analyzed using ActiLife Pro soft-
ware (v6.13.3; ActiGraph, LLC). Wrist-worn accelerometers can
estimate TST (total amount of sleep obtained); time in bed (time
between lying down until getting up the next day); wake-up time
(time between the last min of sleep and getting up from bed); sleep
onset time (time of the first epoch of sleep between time of trying to
initiate sleep and time at wake-up); wake after sleep onset (number
of min awake after sleep onset); sleep fragmentation index (sum of
mobility and immobility accesses in 1 min, divided by the number
of immobility accesses); latency (time in min attempting to fall
asleep); and sleep efficiency (percentage of time in bed that was
spent asleep). The sampling frequency was 50 Hz and the epoch of
activity counts was 60 seconds. All movements greater than 0.05 g
were measured, and values outside the range of 3 to 11 Hz were
filtered to eliminate gravitational artifacts.!%2% All sleep variables
were determined for each night using the Sadeh algorithm.?®

Cardiac Autonomic Activity. The “hour-by-hour” method was
used to analyze the cardiac autonomic activity during night
sleep.®!% This method divides overnight sleep into consecutive
1-hour periods for the cardiac autonomic activity calculations
(Kubios HRV 3.0.0 software; Kubios Oy, Kuopio, Finland). In
this analysis, a total of 6 periods were analyzed per night sleep, as
6 hours was the minimum amount of sleep recorded.

Heart-rate monitors (Firstbeat Bodyguard2; Firstbeat Technol-
ogies) were used during sleep. This device has been validated
against standard electrocardiogram equipment to detect heart
beats.’° RR interval data were downloaded into cooperative soft-
ware (Firstbeat Sports Server). Ectopic beats were automatically
removed and replaced with interpolated adjacent RR interval
values using a low filter, as described by Tarvainen et al.3! The
RR intervals were analyzed using time and frequency domains, and
nonlinear techniques3? were analyzed using Kubios HRV, 3.0.0
software (Kubios Oy). In addition, to reduce any potential non-
uniformity or skewness in HRV, data were log-transformed by
taking the natural logarithm (In) before conducting any statistical
analyses.?* Time domain measures included mean RR interval,
mean HR, square root of the mean of the sum of the squares of
differences between adjacent NN intervals (RMSSD), and SD of
the R-R intervals. RR intervals were also used to produce the
Poincaré plot SD; (representing the short-term beat-to-beat vari-
ability) and SD, (representing the long-term beat-to-beat variabil-
ity) values.33 Fast Fourier transform (Welch’s periodogram: 300-s
window with 50% overlap)®?> was used to obtain measures of
nocturnal cardiac autonomic activity in the frequency domain,
considering both LF (0.004-0.15 Hz) and HF (0.15-0.4 Hz)
indices.?? For frequency analyses, RR trend components were
removed using an advanced smoothness prior approach, with a
smoothing parameter of A =500, which corresponds to a cutoff
frequency of 0.035 Hz.3? The LF/HF ratio was calculated from
nontransformed LF and HF data.

Statistical Analysis

The results are presented as mean (SD). All data sets were assessed
for normal distribution using the Shapiro—Wilk test. Actigraphy
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variables were compared between pooled TD and RD using paired-
sample ¢ tests. The In transformation was used with time and
frequency domains and Poincaré plot variables of cardiac auto-
nomic activity. Nocturnal cardiac autonomic activity variables (for
the “hour-by-hour” method) were compared between TD and RD;
training load and subjective well-being variables were compared
between training sessions, using 2-factor analysis of variance with
repeated measures and Bonferroni-corrected paired sample  tests.
The 2-factor analysis of variance’s effect size (with corresponding
95% confidence intervals) for the nocturnal cardiac autonomic
activity, training load, and subjective well-being variables were
calculated using partial eta-squared (nf,) and interpreted using the
following thresholds: small (.01-.05), medium (.06—.13), and large
(>.14). The magnitudes of effects (with corresponding 95% confi-
dence intervals) for the actigraphy variables were qualitatively
interpreted using the following thresholds: <0.2, trivial; 0.2 to 0.6,
small; 0.6 to 1.2, moderate; 1.2 to 2.0, large; 2.0 to 4.0, very large;
and >4.0, nearly perfect.3* The intrasubject and intersubject coef-
ficient of variation (CV) for TST was calculated to quantify the
respective variability levels across days and individuals during the
observation period. Statistical significance was set at P <.05.

Results

Training-Load Variables

Figure 1 shows sRPE, TRIMP, HR.y (%HR..), and subjective
well-being ratings during TD. Significant differences between
TD were found in sRPE (193.3 [60.2] to 442.8 [159.8] a.u.;
F367=15.945; 1712, = .484 [.28-.58], large effect; P <.001), HR.«
(%HRpea) (70.5 [3.3] to 75.8 [4.3]; F463=06.432; '1% =.274
[.06-.33], large effect; P<.001), and TRIMP (72.9 [18.8] to
138.4[29.6] a.u.; Fy 6, =32.331; 771% =.673[.001-.16], large effect;
P <.001). However, no differences in subjective well-being ratings
(Hopper Index: 9.9 [2.9] to 12.3 [3.8] a.u.; F4 67 =3.007; 17; = .150
[.001-.27], large effect; P>.05) were observed.

Sleep Variables

The actigraphic analysis of sleep after TD and RD are presented in
Table 2. A moderate effect of night training on TST was detected.
Additionally, TD and RD differed in sleep onset time (moderate
effect), wake-up time (small effect), time in bed (small effect), and
sleep latency (small effect). No significant differences were found
in relation to wake after sleep onset, the sleep fragmentation index,
and sleep efficiency (P >.05). Within each condition (TD and RD),
there were no significant differences in any of the sleep indices
(P> .05). When pooling together all the TD and RD, the intrasubject
and intersubject CVs for TST were 15.0% and 17.5%, respectively.

Cardiac Autonomic Activity Variables

Nocturnal “hour-by-hour” cardiac autonomic activity indices are
detailed in Table 3. HR during sleep was higher during TD than RD
(F2,32=15.956; 17; = .484 [.20-.63]), large effect; P <.001), but no
effects were detected for any HRV variables (P> .05). Figure 2
illustrates the InRMSSD throughout the nights following the
smallest (TD7; 72.9 a.u.) and highest (TD4; 138.4 a.u.) values
of TRIMP accumulated during TD. No significant TD versus hours
interaction effect was detected for the INRMSSD (F5 49=1.385;
;712, =.042 [.01-.98], small effect; P> .05). In addition, the paired
comparisons (1H of TD4 vs 1H of TD7) were not meaningful
(effect size=0.091-0.261, trivial to small effects; P >.05).

Discussion

The present study evaluated the effects of night soccer training
on sleep patterns and overnight cardiac autonomic activity in
high-level female athletes. Results showed that night training
(resulting in TRIMP=72.9-138.4 a.u.) disturbed sleep and
increased HR, while HRV was not affected. Therefore, the hypoth-
esis of the present study was partially confirmed, demonstrating
changes in actigraphic variables and HR, whereas limited effects
were found in HRV after night soccer training sessions in semi-
professional female athletes.

Healthy adults should accumulate at least 7 hours of sleep per
night to prevent cumulative neurobehavioral deficits in daytime
performance.? In the current study, although players accumulated
adequate sleep, a decreased duration of sleep was found following
TD compared with RD. In fact, an important finding was the
consistent reduction in TST (=34 min) and a delay in sleep onset
time (+44 min) following TD compared with RD. It is not easy
to compare our results with previous findings as the majority of
studies investigated the effects of night matches, and not training
sessions, on sleep actigraphy. Nevertheless, a recent study>> showed
that an evening training session and competition (both started at
6:00 PM) also caused a reduction in TST (45 and —123 min,
respectively) compared with a control day, and the delay in bedtime
may be caused simply by the timing of the match and training. It
seems that late-night match and training start-times are the key
factors that could significantly and negatively impact sleep variables
in these team-sport players.

Accordingly, sleep onset time and TST in our sample were
delayed and reduced, respectively, following night TD, supporting
the idea that sleep indices are likely dependent on the scheduling of
the training practices.! A recent study showed that 52.3% of elite
athletes subjectively reported sleep disturbances following a late
match or training session.3¢ Therefore, the most predictable reason
for this could be the bedtime extension caused by the timing of the
training session.!

Interestingly, the within-player variability (CV =15.0%) of
TST across 16 days of RD and TD was relatively low, which is
evidence that even under the constraint imposed by the night
training scheduling, the athletes maintained relatively good con-
sistency in sleep habits, probably related to the willingness to
recover from the training sessions and other academic/labor activi-
ties. Of note, this value was comparable with the between-player
variability (CV =17.5%), which was higher than those calculated
in the study by Fullagar et al'! during TD (CV =4.7%) and day
matches (CV =4.8%), but lower than in night-match days (CV =
25.2%), among elite soccer players.

Besides reduced sleep duration, differences in sleep latency
between TD and RD were observed. Athlete exposure to the bright
lights in a stadium may have an impact on sleep (by prolongation of
sleep onset).3” During training sessions, the athletes were exposed
to >1200 lux. Factors such as luminance levels, exposure duration,
timing, and wavelength of light have an important influence on
the alerting response of humans, with bright polychromatic light
(21000 lux) being sufficient to elicit maximal alerting effects
during sleep.38

Overnight HRV has been attracting great interest in the
assessment of the autonomic nervous system activity and recovery
from daily load, due to its noninvasive nature.® Nighttime is
generally free of events known to affect cardiac autonomic control,
such as noise or light. Unfortunately, information on nocturnal
HRV after late training practices is very limited. In the current
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Figure 1 — Internal training load (A and B) and subjective well-being (C) responses during 3 weeks (8 training sessions). (A) sRPE and TRIMP, both
are expressed in a.u. (B) HR., expressed as %HR,c.«. (C) Hooper Index, expressed in a.u. Note: Black symbols represent sSRPE (A) and HRy (%HRcax;
B) differences, and gray symbols represent TRIMP (A) differences, between training days. a.u. indicates arbitrary units; HR, heart rate; HR..,, average HR
during exercise; HR e, peak HR; %HR ...k, percentage relative to the individual HR,; MD, match day; sRPE, session rating of perceived exertion;
TRIMP, training impulse. *Statistically different from day 2 (training 1). #Statistically different from day 4 (training 2). ®Statistically different from day 5
(training 3). @Statistically different from day 9 (training 4). DStatistically different from day 11 (training 5). [1Statistically different from day 12 (training

6). .~.Statistically different from day 16 (training 7).

study, no significant changes in HRV were noticed during TD
compared with RD. These results are in accordance with a recent
study® of shorter duration, and employing lower training load.
Notably, in the present study, the TD associated with the lowest and

highest TRIMP (Figure 2) did not result in different vagally-
mediated HRV throughout the sleep hours. The current findings
extend the previous results® by showing that TRIMP between 72.9
and 138.4 a.u. in night soccer training sessions does not affect
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Table 2 Mean, SD, ES Calculations, and 95% CI of Actigraphy Sleep
Responses After Training-Day and Rest-Day Nights (N = 18)
TD RD P ES (95% CI)

Sleep-onset time, h:min ~ 00:58 (00:19)  00:14 (00:16)*  <.001 0.802 (0.68-0.94)
Wake-up time, h:min 09:18 (00:54)  09:39 (00:49)* .016 0.483 (0.26-0.88)

TIB, h:min 08:19 (01:06)  08:50 (00:58)*  .015  0.501 (0.28-0.88)
TST, h:min 07:17 (00:47)  07:51 (00:42)* 005  0.742 (0.59-0.92)
WASO, min 56 (30) 55 (24) 978 0.003 (0.001-0.26)
SFL, % 27 (9) 26 (7) 852 0.021 (0.004-0.93)
SE, % 88 (5) 89 (4) 102 0.304 (0.07-1.30)
Latency, min 6 (4) 4 (4 045 0.484 (0.23-1.00)

Abbreviations: CI, confidence interval; ES, effect size; RD, rest day; SE, sleep efficiency; SFI, sleep
fragmentation index; TD, training day; TIB, time in bed; TST, total sleep time; WASO, wake after
sleep onset.

*Significantly different from TD (P <.05).

Table 3 Mean, SD, Effect Size Using '1.2; Calculations, and 95% CI of Cardiac Autonomic Activity (Hour-by-Hour)
During Sleep After TD and RD Nights (N = 18)

1H 2H 3H 4H 5H 6H P n,z, (95% ClI)

Heart rate, beats/min

TD 63 (7) 60 (5) 59 (5) 57 (4) 56 (4) 56 (4) <.001 484

RD 57 (6)* 56 (4)* 55 (4)* 55 (4)* 54 (4)* 54 (4)* (.20-.63)
RR interval, In(ms)

TD 6.9 (0.1) 6.9 (0.1) 6.9 (0.9) 6.9 (0.1) 7.0 (0.1) 7.0 (0.1) <.001 404

RD 7.0 (0.1)* 7.0 (0.1)* 7.0 (0.9)* 7.0 (0.1)* 7.1 (0.1)* 7.0 (0.1)* (.15-.55)
RMSSD, In(ms)

TD 4.3 (04) 4.3 (0.4) 4.3 (0.4) 4.4 (0.4) 4.5 (0.4) 4.5 (0.4) 105 112

RD 4.4 (0.3) 4.4 (0.4) 4.4 (0.4) 4.4 (0.4) 4.5(0.4) 4.5 (0.3) (.01-.25)
SDNN, In(ms)

TD 4.1 (0.3) 4.1 (0.3) 4.2 (0.3) 4.2 (0.3) 4.3 (0.4) 4.3 (0.3) 454 .051

RD 4.2 (0.3) 4.2 (0.3) 4.2 (0.3) 4.3 (0.3) 4.3 (0.3) 4.3 (0.3) (.01-.14)
SD,, In(ms)

TD 3.9 (0.4) 4.0 (0.4) 4.0 (0.4) 4.1 (0.4) 4.1 (0.4) 4.1 (0.4) 709 .020

RD 4.0 (0.4) 4.0 (0.4) 4.0 (0.4) 4.1 (0.4) 4.1 (0.4) 4.2 (0.3) (.01-.14)
SD,, In(ms)

TD 4.2 (0.3) 4.2 (0.3) 4.3 (0.3) 4.3 (0.3) 4.3 (0.3) 4.4 (0.3) .592 .036

RD 4.2 (0.3) 4.2 (0.3) 4.3 (0.3) 4.3 (0.3) 4.4 (0.3) 4.4 (0.3) (.01-.12)
LF, In(ms?)

TD 7.1 (0.6) 7.1 (0.7) 7.2 (0.6) 7.3 (0.6) 7.4 (0.7) 7.5 (0.7) .523 .043

RD 7.1 (0.7) 7.1 (0.7) 7.3 (0.7) 7.4 (0.7) 7.4 (0.8) 7.5 (0.7) (.01-.14)
HF, In(ms?)

TD 7.5 (0.7) 7.5 (0.7) 7.6 (0.7) 7.7 (0.7) 7.8 (0.7) 7.8 (0.7) .333 .064

RD 7.5 (0.6) 7.5 (0.6) 7.6 (0.7) 7.7 (0.7) 7.8 (0.7) 7.8 (0.6) (.01-.17)
LF:HF

TD 0.8 (0.5) 0.8 (0.4) 0.9 (0.4) 0.8 (0.4) 0.9 (0.4) 0.9 (0.4) 152 .097

RD 0.9 (0.4) 0.8 (0.4) 0.9 (0.4) 0.9 (0.3) 0.9 (0.4) 1.0 (0.5) (.01-.22)

Abbreviations: CI, confidence interval; ES, effect size; HF, high frequency; LF, low frequency; LF:HF, ratio of low- to high-frequency power; NN, normal-to-normal; RD,
rest day; RMSSD, square root of the mean of the sum of the squares of differences between adjacent NN intervals; RR interval, variations between consecutive heart beats
(beat to beat); ;1}%, partial eta-squared; SD,, short-term beat-to-beat variability; SD,, long-term beat-to-beat variability; SDNN, SD of all NN intervals; TD, training day.
Note: All variables were calculated for the whole night’s sleeping period.

*Significantly different from TD (P <.05).

overnight HRV compared with RD. It remains to be determined  well-being (as established by Hooper et al>) of the players across
whether matches, which are known to result in higher internal load  the TD did not significantly change (although effect size was large),
(TRIMP =~500 a.u.),'” change sleep HRV in comparison with  thus indicating that the amount of training load in the investigated
both investigated situations. Supporting this notion, the perceived =~ week was well tolerated by the players. These results are in
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Figure 2 — InRMSSD activity (hour-by-hour) during sleep throughout
the nights after the smallest (TD7) and highest (TD4) values of training
impulse accumulated during TD. InRMSSD indicates natural logarithm of
the square root of the mean of the sum of the squares of differences between
adjacent normal RR intervals; RR interval, variations between consecutive
heart beats (beat to beat); TD, training day.

accordance with previous findings that showed that while wellness
measures moderately changed (between 8 and 11, approximately)
due to a large increase in mean sRPE (between 290 and 570,
approximately), HRV indices only showed a trivial change over 4
consecutive days of monitoring.3®

In contrast to HRV, HR was elevated after TD during all the
sleep hours compared with RD. A possible explanation for this is
that exercise close to bedtime has been shown to increase nocturnal
body temperature, thermogenic hormones, ventilation, and blood
flow, related to the replenishment of energy stores.*?

Finally, 2 important variables related to late-evening training
sessions that could also explain sleep patterns and HRV results are
the habitual training time-of-day of the athletes?® and chronotype*!-#2
(which characterizes an individual’s circadian rhythmicity). For
instance, Rae et al?® proposed comparing morning and evening
time-trial performance, RPE, and mood state of trained swimmers,
taking into account chronotype and habitual training time-of-day.
The authors found significant diurnal variation in performance when
the swimmers were grouped according to habitual training time-of-
day. That is, the swimmers who habitually trained in the morning
swam faster at 06:30 hours, and those who trained in the evening
were faster at 18:30 hours. This suggests that diurnal variation in
performance is also related to habitual training time, although it is not
clear whether this is due to endogenous factors, or as a result of
training time conditioning, or both. In addition, Bonato et al*
evaluated if the time of day (08.00 AM vs 08.00 PM) and chronotype
could influence postexercise autonomic cardiac control in soccer
players in relation to an acute session of high-intensity interval
training. The authors showed that the circadian typology of the
subject determined different autonomic responses during recovery
from a demanding training bout performed in the morning only.
Despite all this, both variables (habitual training time-of-day and
chronotype) were not included in the present study, and we recog-
nize this as a limitation of the study.

This study has some limitations to be considered. Chronotype,
habitual training time-of-day, core body temperature, hormones
(eg, menstrual cycle), level of light exposure during daytime,
and food intake before bedtime were not measured/controlled.
Therefore, the mechanisms underlying sleep quantity changes

Sleep and Cardiac Autonomic Activity in Soccer 785

observed after exercise can only be speculated. Moreover, this
study was limited by the fact that players were not full-time
athletes, and other circumstances of their daily life (eg, job,
university) were not considered while comparing sleep and
HRYV between TD and RD.

Conclusion and Practical Applications

In summary, this study showed changes in actigraphic variables
and HR after night soccer training sessions during subsequent
sleep. More specifically, high-level female soccer players who
engage in soccer training late in the night (after 21 h) dispose
of average of 7 hours and 17 minutes of sleep per night. Given
that 7 to 9 hours of sleep per night might be required to avoid
cumulative deficits in daytime function, it is reasonable to
suggest that recovery was not impaired. However, the amount
of sleep an athlete dispose might be influenced by the timing of
training (~30 min of difference compared with RD). The lack of
change in overnight HRV during TD compared with RD in-
dicates that cardiac autonomic homeostasis was not severely
disturbed by training sessions conducted at night in high-level
female soccer players.
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ABSTRACT ARTICLE HISTORY

The aim of the current study was to analyze the influence of the timing of training and matches, Received 4 October 2018
and match location, on sleep pattern and nocturnal cardiac autonomic activity in female soccer Revised 3 November 2018
players. A total of 17 female soccer players (age: 21.6 + 2.3 years; mean * SD) wore wrist actigraph Accepted 5 November 2018

units and heart rate (HR) monitors during night-sleep throughout 18 night-training days (NTD), 18 KEYWORDS
resting days (RD), and 6 match-days (MD; 3 away-matches [AM] and 3 home-matches [HM]) of the Accelerometers; heart rate
competitive period. Training load was quantified by session rating of perceived exertion (sRPE), variability; overnight;
heart rate (HR), training impulse (TRIMP), and subjective well-being. In NTD, sleep onset time and recovery; women
total sleep time were significantly impaired compared to MD (+ 1:47 [0:48; 1:55] hours and —1:35

[-1:42; —0:57] hours, respectively; p< 0.001; mean difference = 95% confidence interval [Cl]) and

RD (+ 1:31 [0:52; 1:49] hours and —1:26 [-1:28; —0:55] hours, respectively; p< 0.001). In AM, sleep

onset time was delayed compared to HM (+ 0:36 [0:12; 0:44] hours; p< 0.001). Sleep latency was

higher in NTD compared to RD (+ 4 [2; 5] min; p< 0.001), as well as after AM compared to HM (+ 5

[1; 7] min; p< 0.001). HR during sleep was significantly increased after NTD and MD compared to

RD (+ 4 [1; 5] b.p.m and + 3 [1; 4] b.p.m, respectively; p< 0.001). Furthermore, HR variability

decreased after NTD and MD compared to RD (e.g., InRMSSD, —0.09 [-0.18; —0.08] In[ms] and

—0.17 [-0.27; —0.11] In[ms], respectively; p< 0.001). Overall, the time of day for soccer practice (i.e.,

training at night) and match location (i.e., away matches) may cause disruption in sleep patterns

and/or in autonomic cardiac activity in female soccer players. Additionally, playing official matches

during the day and training at night may affect nocturnal cardiac autonomic activity by decreas-

ing vagal-related modulation and increasing HR during sleep.

Introduction sleep, due to their daily life commitments (e.g.,
job, university) which needed to be reconciled
with training schedules.

Although there is a general recommendation for
>7 h of sleep per night to promote optimal health
and cognitive performance among adults (Watson
et al. 2015), the sleep duration of athletes is fre-
quently less than 7 h (Gupta et al. 2017), and little
is known about the sleep characteristics of athletes
(Sargent et al. 2014), especially women. Interestingly,
female athletes who train and compete late in the
evening tend to present more sleep disruptions than
male athletes (Mallampalli and Carter 2014).

In a recent study, Nédélec et al. (2018) showed
that time in bed and total sleep time were both

Sleep is recognized as critical for the well-being
and performance of athletes, particularly in the
competitive season (Fullagar et al. 2016). During
congested competitive periods, soccer players fol-
low strict match and training schedules that can
reduce sleep duration (Lastella et al. 2015) and
impair recovery processes (Vitale et al. 2018),
especially when the training and/or matches are
performed close to bedtime sleep (Vitale et al.
2018). This fact could be relevant, since in
a recent study (Costa et al. 2018) it was observed
that female soccer players were habitually trained
at very late hours (21:00 h), close to bedtime

CONTACT Jdlio A. Costa ) jahdc@hotmail.com &) Faculdade de Desporto, Universidade do Porto, Rua Dr. Placido Costa, 91, Porto 4200-450, Portugal.
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/icbi.
© 2018 Taylor & Francis Group, LLC

63



lower after night matches than after training days
in elite male soccer players. Night matches dis-
rupted subsequent sleep quantity and quality.
Alongside reduced sleeping hours, a significant
reduction in perceptual recovery was observed fol-
lowing night-time matches in top-level female and
male volleyball athletes (Vitale et al. 2018).
Accordingly, reduced sleep following different
match-play scenarios (i.e., matches played away
or at home) is also of concern for practitioners,
given the potential for compromised recovery
(Skein et al. 2013). Moreover, due to the time
needed to travel, sleep patterns after away-
matches (AM) could be more affected than after
home-matches (HM) (Fowler et al. 2015).

The effects of physical exercise on sleep have
been ascribed to factors such as time of day, chron-
otype (Bonato et al. 2017a), and training load
(Buchheit et al. 2004). Bonato et al. (2017a) evalu-
ated whether the time of day (8.00 am. vs 8.00
p.m.) and chronotype (an individual’s circadian
rhythm) could influence post-exercise autonomic
cardiac control in soccer players in relation to an
acute session of high-intensity interval training. The
authors showed that circadian typology determined
different autonomic responses during recovery
from a demanding training bout only in the morn-
ing. Besides this, Costa et al. (2018) showed, in
high-level female soccer players, that night soccer
training (9.00 p.m.) elevated HR during sleep but
did not affect HRV indices in comparison with
resting days. In the referred study, it was speculated
that training load undertaken by the players was
not high enough to disturb cardiac autonomic func-
tion during sleep. Furthermore, other factors could
also impair the function of the autonomic nervous
system (ANS), such as travelling and away match
location (Egan-Shuttler et al. 2018). However, the
interaction between these factors and nocturnal
HRYV has not yet been investigated.

It is currently accepted that overnight sleep mea-
surements over consecutive days are appropriate for
tracking the recovery of HRV following high-
intensity exercise (Al Haddad et al. 2009). Recently,
there has been growing interest in the use of HRV
measurements during sleep to evaluate exercise-
induced disturbances in body homeostasis, and
recovery from daily load (Costa et al. 2018).
Moreover, night-time recordings may be of great
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interest, as sleep constitutes a condition free of exter-
nal disruptive events. Slow-wave sleep (SWS), corre-
sponding to the deepest stage of sleep involved in
recovery processes (Buchheit et al. 2004), could
represent an optimal condition for HRV analysis
(Brandenberger et al. 2005).

It is noteworthy that there are no longitudinal stu-
dies in the literature analyzing objective sleep variables
and HRYV indices across multiple night-training days,
match days, and resting days, as well as in different
match locations (i.e, away-matches vs. home-
matches) in trained female athletes. Accordingly, the
purposes of this study were: (1) to assess sleep patterns
and nocturnal cardiac autonomic activity after night
training days, match-days, and resting days during
a competitive season; and (2) to analyze the influence
of match location (home vs. away) on sleep patterns
and nocturnal cardiac autonomic activity in female
soccer players. It was hypothesized that training at
night and playing away matches would disturb sleep
patterns and nocturnal cardiac autonomic activity
more than resting days and playing home-matches,
respectively, in female soccer players.

Materials and methods
Study subjects

A total of 17 female soccer players (age:
21.6 + 2.3 years; height: 161.5 + 5.4 cm; body mass:
57.0 + 6.4 kg; mean + SD) competing in the first
division of the Portuguese soccer league participated
in the study. The study design was carefully
explained to the subjects, and written informed con-
sent was obtained. Exclusion criteria were: tobacco
use, working in a part-time night job, use of medica-
tions, and medical conditions contraindicating phy-
sical exercise as diagnosed by a sports medicine
physician. Players were requested to avoid alcohol
and caffeine consumption. All athletes had similar
academic and job timetables. The study followed the
Declaration of Helsinki and was approved by the
Ethics Committee of the Faculty of Sports,
University of Porto (CEFADE 03.2017).

Study design and protocol

This was a single-group longitudinal study that mea-
sured internal training and match load (training and
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match impulse [TRIMP], the average HR during exer-
cise [HR.,] as the percentage relative to the individual
peak HR [%HRc.x], the session-rating of perceived
exertion [sRPE]), subjective well-being ratings, sleep
and nocturnal cardiac autonomic activity, for 6 weeks
(42 days of recordings). This period encompassed
three blocks of two consecutive weeks intercepted by
two consecutive weeks without recordings (to avoid
possible dropouts during the data collection and
increase the athletes’ adherence to the study proce-
dures), with matches played each Saturday (Table 1).
A total of 18 night-training days (NTD), 18 resting
days (RD), and 6 day time match days (MD), of which
3 were away-matches (AM) and 3 home-matches
(HM), were analyzed. All training sessions started
around 9.00 p.m. (21:10 + 00:21 hours; mean + SD)
and lasted 1:26 + 00:10 hours (training volume: Week
1, 4:32 £ 00:08 hours; Week 2, 4:28 + 00:07 hours;
Week 3, 429 + 00:10 hours; Week 4,
4:28 + 00:08 hours; Week 5, 4:26 + 00:11 hours;
Week 6, 4:31 + 00:05 hours). The training practices
proposed by the coach during each session consisted
mostly of the following: soccer-specific drills (i.e., skill
development and small-sided games [4vs4]), resis-
tance training (whole-body workouts involving
power cleans and squats), and scrimmages (10vs10).
Matches always started at the same hour, around
300 p.m. (1502 % 00:09 hours) and lasted
1:33 + 00:03 hours.

Throughout the study, the participants were asked
to follow their normal sleep-wake cycles in their own
houses to avoid disturbing their regular habits. It is
important to highlight that the time spent travelling
(by bus) for each of the three AM was between
30 min and 3 hours (AM; ~ 1:30 hours, AM,
~ 3:00 hours, and AM; ~ 30 min). Each athlete put
on the RR interval monitor and wrist-worn acceler-
ometer in their own home, after arriving from train-
ing sessions and matches. There was some variation
in the time the participants went to bed (bedtime, h:
min corresponding to lying down time: NTD,
between 00:15 and 00:40 hours, approximately; and
RD, MD, AM, and HM between 22:00 and
23:30 hours, approximately). To grant higher ecolo-
gical validity to the investigation, sleep habits were
not constrained by the study procedures. Each
morning, the participants were instructed to gently
remove the electrodes and accelerometers before
leaving their bed.
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Table 1. Data collection during 6 weeks (42 days of recordings): three blocks of two consecutive weeks intercepted by two consecutive weeks without recordings . Training load (TL)
and well-being were assessed each night-training session and match. Cardiac autonomic activity and actigraphy were assessed during night-sleep, after each training/match day and

rest day (RD).

Wednesday Thursday Friday Saturday
TL Well-being Cardiac TL Well-being Cardiac

Tuesday

Monday
TL Well-being Cardiac

Sunday
TL Well-being Cardiac

Cardiac autonomic
activity Actigraphy

Cardiac autonomic
autonomic activity activity Actigraphy autonomic activity
Actigraphy NTD3; NTD6

Actigraphy NTD2; NTD5

Cardiac autonomic
activity Actigraphy

autonomic activity
Actigraphy NTD1; NTD4

autonomic activity

2 Consecutive Weeks

RD2;RD5 RD3;RD6

RD1; RD4

Actigraphy AM1;HM2

2 Consecutive Weeks

Cardiac autonomic
activity Actigraphy

RD9; RD12

TL Well-being Cardiac
autonomic activity

Cardiac autonomic
activity Actigraphy

RDS8; RD11

TL Well-being Cardiac
autonomic activity

Cardiac autonomic
activity Actigraphy

RD7; RD10

TL Well-being Cardiac
autonomic activity

TL Well-being Cardiac
autonomic activity

2 Consecutive Weeks

Actigraphy NTD8; NTD11 Actigraphy NTD9; NTD12

Actigraphy NTD7; NTD10

Actigraphy HM2; AM2

2 Consecutive Weeks

Cardiac autonomic
activity Actigraphy

Actigraphy NTD15; NTD18 RD15; RD18

TL Well-being Cardiac
autonomic activity

Cardiac autonomic
activity Actigraphy

TL Well-being Cardiac
autonomic activity

Cardiac autonomic
activity Actigraphy

Actigraphy NTD13; NTD16 RD13; RD16

TL Well-being Cardiac
autonomic activity

TL Well-being Cardiac
autonomic activity

2 Consecutive Weeks

Actigraphy NTD14; NTD17 RD14; RD17

Actigraphy HM3; AM3
Descriptions: NTD, night-training day; AM, away-matches; HM, home-matches




One week before starting data collection, the ath-
letes completed a Yo-Yo Intermittent Endurance
Test-level 2 (YY-IET2) (Bangsbo 1994). The distance
covered and peak HR (HRc.x) were recorded.

During the 5 weeks prior to the study, players were
familiarized with the devices used to avoid training
and match activities or sleep pattern being disturbed
by the equipment. All training sessions and matches
(AM and HM) were performed on an outdoor artifi-
cial turf pitch, which was the usual training and match
venue of the investigated team. During a 90-min
night-training session, the participants were exposed
to >1200 lux (horizontal luminance—using
a photometer head mounted on an optical bench
and measured on a 10m x 10m grid within the playing
ground; 28 compact quartz metal halide lamps with
double-pinch with luminous efficacy 93 Im/W) and
5600 K color temperature [Tk]). Ambient tempera-
ture ranged between 16 and 18°C during the day and
between 10 and 12°C during the night.

Training and match load

HR data during training sessions and matches were
recorded via radio telemetry (Firstbeat Sports,
Finland) and exported to Firstbeat Sports Server®
software (version 4.7.3.1). The software also calcu-
lated the average HR.,, expressed in absolute values
(beats per min [bpm]), and %HR ¢,k

TRIMP was calculated as proposed by
Banister (Banister 1991): TRIMP = Tx[(HR
~HR,eet)/ (HRpear-HRyes)]x  0.86¢  17(IHRex
HRrest)/(HRpeak-HRrest)], yhere T is the duration
of the workout in minutes; HR., the average
HR during exercise; HR,s; the average HR dur-
ing rest, measured during 5 min of seated rest
before starting each training session and match
during the study period; HRe.x is determined
as the highest value reached during the YY-IET
2 test, and e ~ 2.718.

The RPE was obtained approximately 15-30 min
after each training session and match. sRPE was
determined using the multiplication of the CR-10
scale by the duration of the training session
(Foster et al. 2001).

Approximately 15 min before each training session
and match, the players completed a questionnaire
involving well-being ratings relative to fatigue, stress
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level, DOMS, and sleep quality/disorders (scales of
1-7; (Hooper et al. 1995)). The Hooper’s Index is
the summation of these four ratings.

Actigraphy

Sleep was assessed using 3-axial accelerometers
(Actigraph LLC wGT3X-BT, Pensacola, USA)
worn on the non-dominant wrist. Wrist-worn
accelerometers have been used to monitor sleep
in elite athletes (Staunton et al. 2017), and vali-
dated against polysomnography (PSG; (Alsaadi
et al. 2014)). Data were analyzed using ActiLife
LLC Pro software v6.13.3, Pensacola, USA. Wrist-
worn accelerometers can estimate total sleep time,
time in bed, wake up time, sleep onset time, wak-
ing after sleep onset, sleep fragmentation index,
latency, and sleep efficiency. The sampling fre-
quency was 50 Hz and the epoch of activity counts
was 60 s (Sadeh et al. 1994). All sleep variables
were determined every night using the Sadeh algo-
rithm (Sadeh et al. 1994) .

Cardiac autonomic activity

The SWSE method was used to analyze the cardiac
autonomic activity during night-sleep
(Brandenberger et al. 2005). This method records
10 minutes of normal RR intervals, considering the
criteria. proposed by Brandenberger et al,
(Brandenberger et al. 2005), using Kubios HRV
3.0.0° software (Kubios Oy, Kuopio, Finland). HR
monitors  (Firstbeat ~ Bodyguard2®,  Firstbeat
Technologies, Finland) were used during sleep. The
device has been validated against standard ECG
equipment to detect heartbeats (Parak and
Korhonen 2015). The RR intervals were analyzed by
means of time and frequency domains, and nonlinear
techniques (TaskForce 1996), using Kubios HRYV,
3.0.0° software (Kubios Oy, Kuopio, Finland). In addi-
tion, to reduce any potential non-uniformity or skew-
ness in HRV, data were log-transformed by taking the
natural logarithm (In) before conducting any statisti-
cal analyses (Mourot et al. 2004).

Statistical analysis

The results are presented as mean + SD. Sample
distribution was tested using the Shapiro-Wilk
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test. Natural logarithm transformation was used
with time and frequency domains, and Poincaré
plot variables of cardiac autonomic activity.
A linear mixed model analysis was performed to
examine differences in cardiac autonomic activity,
sleep indices, training and match load, and sub-
jective well-being variables between the NTD, RD,
and MD conditions, as well as between the differ-
ent match locations (AM vs. HM). An a-level of
0.05 was set as the level of significance for statis-
tical comparisons. In all analysis, match location
was included as a fixed effect and player identity as
the random effect. Furthermore, the recom-
mended variance-covariance structure among all
models used was selected according to the smallest
Akaike Information Criterion assessment (Akaike
1974), based on the Restricted Maximum
Likelihood  method. Pairwise comparisons
(Bonferroni) showed the mean difference between
the conditions.

Magnitudes of the standardized effects were
calculated to evaluate the true effects with respect
to the smallest worthwhile difference for sleep,
HRYV, training load, and well-being variables,
using Cohen’s d effect size (ES) (Hopkins 2009).
Threshold values for Cohen’s effect size statistics
were >0.2 (small), >0.6 (moderate), and >1.2
(large) with corresponding 95% confidence inter-
vals (CI) (Hopkins 2009). Where the chance of
benefit and harm were both calculated,
a qualitative descriptor was assigned to the follow-
ing quantitative chances of effect: 0.5-5.0%: very
unlikely; 5-25%: unlikely; 25-75%: possibly;
75-95% likely; 95.0-99.5%: very likely; > 99.5%:
most likely (Hopkins 2009).

Results
Training and match variables

The sRPE, HR.,, TRIMP, and well-being collected
during training sessions and matches are pre-
sented in Figure 1.

sRPE was significantly higher after MD com-
pared to NTD (574.9 + 51.5 a.u. vs. 326.1 + 33.4 a.
u.; meant SD; p< 0.001) and after AM compared
to HM (631.7 £ 99.7 a.u. vs. 574.9 + 515 a.u;
p< 0.001; Figure la). Magnitude-based inferences
indicated a most likely positive effect for sRPE
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(+ 2514 au.) after MD compared to NTD
(ES = 5.71 [3.21;5.87] effect size [95% CI]) and
a possibly positive effect for sRPE (+ 119.2 a.u.)
after AM compared to HM (ES = 0.68 [0.54; 0.97).

TRIMP was significantly higher after MD com-
pared to NTD (302.4 + 36.9 a.u vs. 192.8 + 21.4 a.
u. p< 0.001; Figure la). A most likely positive effect
was observed for TRIMP (+ 109.6a.u.) after MD
compared to NTD (ES = 3.42 [2.12; 3.58]).

HRey (%HRpea) was significantly higher after
MD compared to NTD (83 + 4% vs. 74 £ 2.9%
p< 0.001; Figure 1b). There was a most likely
positive effect for HR., (+ 9%) after MD compared
to NTD (ES = 2.32 [1.89; 2.86]).

No effects were detected when comparing NTD
vs.MD and AM vs. HM with regards to well-being
(Hooper Index; Figure 1c; p> 0.05).

Sleep variables

All sleep variables are presented in Table 2, with
corresponding mean difference, effect size, magni-
tude, and qualitative descriptors for sleep onset
time, wake up time, TIB, TST, WASO, SFI, SE,
and latency.

Sleep onset time was significantly delayed after
NTD compared to MD (+ 1:47 hours; ES = 5.45
[2.04; 5.57]; p< 0.001). Moreover, TST was signifi-
cantly reduced after NTD compared to MD
(=1:35 hours; ES -2.86 [-3.15; -2.09];
p< 0.001), and latency was significantly decreased
after NTD compared to MD (-3 min; ES = -1.51
[-1.65; —1.11]; p< 0.001).

Sleep onset time was significantly delayed after
NTD compared to RD (+ 1:31 hours; ES = 3.26
[1.02; 3.42]; p< 0.001). Moreover, TST was signifi-
cantly reduced after NTD compared to RD
(-1:26  hours; ES -2.69 [-3.05; -1.87];
p< 0.001), and latency was significantly increased
after NTD compare to RD (+ 4 min; ES = 2.21
[1.62; 2.43]; p < 0.001).

No difference in sleep onset time was observed
between MD and RD (p> 0.32). However, latency
was significantly increased after MD compared to
RD (+ 7 min; ES = 4.34 [1.82; 4.94]; p< 0.001).

Sleep onset time was significantly delayed after
AM compared to HM (+ 36 min; ES = 1.66 [0.80;
2.01]; p< 0.001). Moreover, latency was significantly



CHRONOBIOLOGY INTERNATIONAL 365

800+ " -400
600- T 300

400+ -200

sRPE (AU)
(NV) dATIL

200+ -100
[ sRPE

O TRIMP

NTD MD HM AM

HR,, (%HR )
~J
T

— QN
OO\O

NTD MD HM AM

15+

_|
_|

Hooper Index (AU)
(V)]

NTD MD HM AM

Figure 1. Internal training load (a and b) and subjective well-being (c) responses after night-training day (NTD), match-day (MD),
away-match (AM), and home-match (HM) during six weeks of the competitive in-season period. Values are mean+ SD.

(a): sRPE, session rating of perceived exertion, and TRIMP, training impulse; both are expressed in arbitrary units (AU). (b): HR,,, the
average HR during exercise, expressed as the percentage relative to the individual peak HR (%HRgeai). (c): Hooper index; expressed in
arbitrary units (AU).* Statistically different from NTD (p< 0.05); * Statistically different from HM (p< 0.05).
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Table 2. (Continued).

AM vs. HM
88 +6vs. 89 + 3
—0.70(—4.46; —0.34)
—0.83(—0.97; —-0.72)

MD vs. RD
89 +4vs.91+3

NTD vs. RD
90 +4vs. 91 £ 3
—0.67(—1.76; —0.44)
—0.28(—0.96; —0.12)

NTD vs. MD
90 +4vs. 89 + 4

Mean + SD(%)

-1.76(-4.12; —1.31)

0.81(4.32; 0.65)

Mean difference (%)

Effect size

—0.39(-0.88; —0.24)

0.33(0.26; 0.56)

Moderate
Likely negative

Small Small
Possibly negative

Possibly negative

Small
Possibly positive

Magnitude

Qualitative descriptor

Latency

8+2vs.11+2° 8+ 2vsd+2° 11 + 2%s4 + 2 14 + 3%Pys9 + 22PC

Mean + SD(min)

5(1; 7)
1.54(1.07; 1.67)

7(2; 8)
434(1.82; 4.94)

~3(-4; 1) 4(2; 5)
2.21(1.62; 2.43)

-1.51(-1.65; -1.11)

Mean difference (min)

Effect size

Large
Most likely positive

Large Large
Most likely positive

Most likely positive

Large
Most likely negative

Magnitude

Qualitative descriptor

Descriptions: NTD, night-training day; RD, rest day; MD, match-days; AM, away-matches; HM, home-matches; sleep onset time (time of the first epoch of sleep between time of trying to initiate sleep and

time of wake up); wake up time (time between the last minute of sleep and getting up from bed); time in bed (TIB, time between lying down until getting up the next day); total sleep time (TST, total

amount of sleep obtained); wake after sleep onset (WASO, amount of time spent awake after sleep has been initiated); sleep fragmentation index (SFI, sum of mobility and immobility accesses in

one minute, divided by the number of immobility accesses); sleep efficiency (SE, percentage of time in bed that was spent asleep); latency (time in minutes for attempting to fall asleep). *Significantly

different from NTD (p < 0.05). PSignificantly different from RD (p < 0.05).Significantly different from AM (p< 0.05).
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increased after AM compared to HM (+ 5 min;
ES = 1.54 [1.07; 1.67]; p< 0.001).

Cardiac autonomic activity variables

All cardiac autonomic activity variables are pre-
sented in Table 3, with corresponding mean dif-
ference, effect size, magnitude, and qualitative
descriptors for HR, RR, InSDNN, InRMSSD,
InSD1, InSD2, InLF, InHF, and HF/LF.

HR was significantly increased after NTD com-
pared to RD (+ 4 b.p.m.; ES = 4.40 [2.81; 4.87];
p< 0.001). In addition, significant differences were
detected in HRYV indices (InRMSSD, InSD1, InSD2,
InHF, InLF, and HF/LF) after NTD compared to
RD (p< 0.01) (e.g., InRMSSD was significantly
reduced after NTD compared to RD; -0.091n
[ms]; ES = —0.71 [~0.89; —0.47]; p< 0.01).

HR was significantly increased after MD com-
pared to RD (+ 3 b.p.m.; ES = 2.56 [1.48; 2.87];
p< 0.001). Moreover, significant differences were
detected in HRV indices (InRMSSD, InSD1, InHF,
InLF, and HF/LF) after MD compared to RD
(p< 0.01) (e.g., INRMSSD was significantly reduced
after MD compared to RD [-0.17In[ms];
ES = -0.80 [-0.91; —0.52]; p< 0.01).

No differences were observed in HR and HRV
indices when comparing AM with HM (p> 0.41).

Discussion

To the best of our knowledge, this is the first study
to concurrently investigate the impact of night
soccer training and evening matches at different
locations (home and away) on sleep patterns and
cardiac autonomic activity in high-level female
athletes. The main findings of the study were
that: (1) time of day for soccer practices (ie.,
training at night) and match location (i.e., away
matches) disturbed sleep patterns; (2) playing offi-
cial matches during the day and training at night
affected nocturnal cardiac autonomic activity by
decreasing vagal-related modulation and increas-
ing HR during sleep; and (3) match location did
not affect nocturnal cardiac autonomic activity.
Therefore, the hypothesis of the present study
was partly confirmed, showing that sleep patterns
and autonomic cardiac activity were affected by
night training compared to resting days and
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AM vs. HM
Possibly negative
7.46 + 0.64°vs. 7.35 + 0.59°
0.11(0.08; 0.20)
0.15(0.09; 0.41)
Small
Possibly positive
0.46 + 0.37°vs. 0.60 0.32°
—0.14(-0.34; —0.10)
—0.69(—0.77; —0.58)
Moderate
Likely negative

MD vs. RD
Likely positive
741 + 0.46%s. 7.68 + 0.32
—0.27(-0.51; —0.39)
—0.73(-0.81; —0.65)
Moderate
Likely negative
0.53 + 0.24%s. 0.40 + 0.11
0.12(0.11; 0.31)
0.66(0.56; 0.77)
Moderate
Likely positive

NTD vs. RD
Most likely positive
7.56 + 0.24 vs. 7.68 + 0.32°
—0.12(-0.58; —0.10)
—0.42(-0.48; —0.35)
Small
Possibly negative
0.56 + 0.12 vs. 0.40 + 0.11°
0.16(0.09; 0.19)
1.35(0.14; 1.47)
Large
Most likely positive

NTD vs. MD
Possibly positive
0.15(0.09; 0.31)
0.53(0.46; 0.67)

Small
Possibly positive
0.56 + 0.12 vs. 0.53 + 0.24
0.03(0.01; 0.21)
0.46(0.12; 0.56)
Small
Possibly positive

7.56 + 0.24 vs. 7.41 + 0.46
the mean of the sum of the squares of differences between adjacent NN intervals; SDNN, standard deviation of all NN interval; SD1, short-term beat-to-beat variability; SD2, long-term beat-to-beat

Descriptions: NTD, night-training day; RD, rest day; MD, match-days; AM, away-matches; HM, home-matches; RR interval, variations between consecutive heart beats (beat to beat); RMSSD, square root of
variability; LF, low frequency; HF, high frequency; LF/HF, ratio of the low- to high-frequency power. ? Significantly different from NTD (p< 0.05). ® Significantly different from RD (p< 0.05).

Qualitative descriptor
Mean + SD (In[ms?])
Mean difference(In[ms?])
Effect size

Qualitative descriptor
LF/HF

Qualitative descriptor

HF
Mean difference

Magnitude
Mean + SD
Effect size

Magnitude

Table 3. (Continued).
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match days, while away matches only disrupted
sleep patterns compared to home-matches, in
female soccer players.

In the current study, although players accumu-
lated adequate sleep (=7h), a decreased duration of
sleep was observed following NTD. In fact, an
important finding was the consistent reduction in
TST and a delay in sleep onset time following N'TD.
Julift et al. (2015) showed that sleep indices were
likely dependent on the scheduling of practices of
the particular sport. The study also showed that 52%
of elite athletes subjectively reported sleep distur-
bances following a late match or training session.
The results of the present study are in accordance
with recent studies showing that players presented
sleep duration within the appropriate healthy range
on TD and MD concluded before 6 p.m., but slept
significantly less with later bed times after training
sessions/matches with a start time later than 6 p.m.
(Fullagar et al. 2016; Nédélec et al. 2018).
Furthermore, Vitale et al. (2018) showed that sleep
quantity and quality were lower during the night
immediately following a night-match compared to
previous or subsequent nights, in both female and
male athletes. Thus, the most predictable reason for
the results observed in the present study could be the
scheduling of the training session. Hence, it remains
to be determined whether night-time fixtures can
also severely disturb sleep in female soccer players,
when they are used to training at this time of the day
(as are the players involved in the current study).

Besides reduced sleep duration, latency was
negatively affected after NTD. A large epidemio-
logical survey reported that 24% of respondents
perceived difficulty in initiating sleep after late-
evening exercise compared to 7% after early eve-
ning exercise (Vuori et al. 1988). These results
suggest that late-evening exercise can impose
a high risk of obstructing falling asleep at night.

Recent studies investigating the differences in sleep
behaviors among soccer players have identified sev-
eral potential chronic and acute causes of sleep dis-
turbance (Vitale et al. 2017a). One possible
explanation for the findings observed when compar-
ing night exercise with day exercise and RD could be
the athlete’s exposure to stadia bright light. Light
exposure may have an impact on sleep by extending
sleep onset, reducing TST, and augmenting latency
(Nedelec et al. 2015). In the current study, the athletes
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were exposed to >1200 lux during NTD. Factors such
as luminance levels, exposure duration, and timing
and wavelength of light have an important influence
on the alerting response of humans, with bright poly-
chromatic light (>1000 lux) being sufficient to elicit
maximal alerting effects (Cajochen 2007). Another
possible explanation for the findings comparing
night training sessions and official matches played
during the day with RD could be the complexity of
physiological changes acutely induced by exercise
(e.g., increase in thermogenic hormones and elevation
of body temperature and HR (Borsheim and Bahr
2003)). Exercise before bedtime increases nocturnal
body temperature (O’Connor et al. 1998), which may
explain the observed increase in HR during sleeping
hours following NTD and MD. Moreover, the effect
of exercise on sleep disturbance may be related to the
delay in reactivation of parasympathetic activity fol-
lowing exercise, leading to persistently high HR at
bedtime, lasting for several hours (Costa et al. 2018).
In fact, one important factor that could be related to
HRV and sleep pattern changes is chronotype
(Bonato et al. 2017a; Vitale et al. 2017a). In particular
Bonato et al. (2017a) showed that individuals classi-
fied as evening-types (as determined using the
Morningness-Eveningness Questionnaire) presented
higher HR during morning training due to significant
parasympathetic withdrawal, with sympathetic predo-
minance at rest and before exercise. Even more inter-
estingly, this variable (chronotype) could be related to
changes in muscle physiology and psychology (e.g. as
cortisol and mood, respectively) (Vitale and Weydahl
2017). For example, evening-types showed a higher
morning peak of salivary cortisol respect to morning-
types when performing a high-intensity interval exer-
cise early in the morning and produced higher sali-
vary cortisol concentrations after the cessation of the
exercise (Bonato et al. 2017b). However, chronotype
classification was not included in the present study,
which should be highlighted as an important limita-
tion of the study.

In the present study, the training load imposed on
the players appeared to be sufficient to cause
a significant impact on HRV during SWSE. In fact,
soccer practices significantly decreased RMSSD and
HE, both of which are accepted as markers of cardiac
parasympathetic activity (Camm et al. 1996).
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Moreover, the training load measured in NTD and
MD in the current study was higher compared to
values detected in a previous study (Costa et al.
2018), in which the cardiac autonomic homeostasis
of female soccer players was not disturbed by night-
training sessions with accumulation of TRIMP of
~70-140 AU. Thus, it could be speculated that the
training loads of training sessions and matches
imposed on the players in the current study were
high enough to promote significant changes in vagal
activity, expressed through the increase in HR during
sleep. This topic deserves future investigation to better
elucidate the relationship between training/match
load and cardiac autonomic disturbance during
sleep. Nonetheless, it is suggested that training and
match loads in the ranges observed herein may induce
significant changes in HRV during post-exercise night
sleep in high level female soccer players. Supporting
this notion, and according to the classification of
physical activity intensity proposed by the ACSM
(Pollock et al. 1998), the intensity of exercise during
NTD (74% HRpea) and MD (84% HR,e.i) observed
in the current study are classified as hard (70-89%
HRpea). This agrees with studies showing that high-
intensity exercise reduces HRV (e.g, RMSSD) in
trained subjects (James et al. 2002; Kaikkonen et al.
2008; Seiler et al. 2007), while HR remains elevated for
a long time into recovery (Seiler et al. 2007).

Changing match contexts can disrupt “normal”
sleeping patterns of players (i.e., change of loca-
tion, kick-off time, and travel (Fullagar et al
2016)). In the current study, female athletes pre-
sented delayed sleep onset time (+ 36min) and
increased sleep latency (+ 5min) following AM
compared to HM. A possible explanation for
these findings might be that players arrived home
later after AM. Additionally, it could be speculated
that post-match social activities (Nedelec et al.
2015) had a greater influence after AM than HM
since players travelled back home together.

Long and international air travel could increase
jet-lag symptoms and impair mood state (Bonnar
et al. 2018), and subsequently affect sleep (Nedelec
et al. 2015) and HRV (Egan-Shuttler et al. 2018)
indices in trained athletes. However, these issues
seem not to be solely related to travel distance
per se (Carrigo et al. 2017) as the players in the



current study did not have to travel by bus for
more than 3 hours after AM.

One of the strengths of the current study, and
a novelty in the investigation of sleep and car-
diac autonomic activity in high level athletes, is
that we used actigraph units and HR monitors
simultaneously to analyze sleep and HRV in
a real-world scenario. Practical implications are
that, together, actigraphic variables and HRV
indices provide more complete information on
sleep patterns and cardiac autonomic function
corresponding to athlete recovery. Moreover,
both indices can be used to improve the quality
of monitoring training and match loads, are
easily assessed at the training/match facilities
and at the athletes’s own homes, and can be
implemented in a team’s daily routine.

This study has some limitations to be consid-
ered. Chronotype, core body temperature, hor-
mones (e.g., menstrual cycle), level of light
exposure during daytime, and food intake before
bedtime were not assessed. Therefore, the
mechanisms underlying sleep quantity changes
observed after exercise can only be speculated.
Moreover, this study was limited by the fact that
players were not full-time athletes, and other
circumstances of their daily lives (e.g., job, edu-
cation) were not considered when comparing
sleep and HRV at different times of day and
match locations.

In conclusion, the results of this study suggest
that time of day for soccer practice (i.e., training at
night), and match location (i.e., away matches)
may cause disruption in sleep patterns and/or
autonomic cardiac activity in female soccer
players. It is suggested that athletes and coaches
organize the training program not only according
to match schedules, but also aiming to improve
sleep routines for optimal recovery.
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Abstract

Purpose

To describe individual sleeping patterns and nocturnal cardiac autonomic activity of National
team female soccer players during an international tournament.

Materials and methods

Twenty elite female soccer players (aged 25.2+3.1 years) wore wrist actigraph units and
heart rate (HR) monitors during night-sleep throughout 9 consecutive days (6 day-time train-
ing sessions [DT], 2 day-time matches [DM], and 1 evening-time match [EM]) of an interna-
tional tournament. Training and match loads were monitored using the session-rating of
perceived exertion (s-RPE) and wearable 18-Hz GPS (total distance covered [TD], training
and match exposure time, and high-speed running [HSR]) to characterize training and
match loads.

Results

Individually, s-RPE, TD, exposure time, and HSR during training sessions ranged from 20 to
680 arbitrary units (AU), 892 to 5176 m, 20 to 76 min, and 80 to 1140 m, respectively. During
matches, s-RPE, TD, exposure time, and HSR ranged from 149 to 876 AU, 2236 to 11210
m, 20 to 98 min, and 629 to 3213 m, respectively. Individually, players slept less than recom-
mended (<7 hours) on several days of the tournament, especially after EM (n = 8; TST rang-
ing between 6:00-6:54 h). Total sleep time coefficient of variation (CV) ranged between 3.1
and 18.7%. However, all players presented good sleep quality (i.e., sleep efficiency >75%;
individual range between: 75-98%) on each day of the tournament. Most of the players pre-
sented small fluctuations in nocturnal cardiac autonomic activity (individual nocturnal heart
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rate variability [HRV] ranged from 3.91-5.37 ms and HRV CV ranged from 2.8-9.0%), while
two players presented higher HRV CV (11.5 and 11.7%; respectively).

Conclusion

Overall, this study highlights the substantial individual variability in sleep and HRV mea-
sures, suggesting the adoption of an individual approach to monitor sleep, training and
match loads and recovery, to better understand how players cope with highly demanding
competitions.

Introduction

Elite soccer players are constantly exposed to multiple high physiological demands due to an
elevated number of training sessions and matches played in National and international compe-
titions, often with congested match calendars [1]. In some women’s competitive tournaments,
only one to two days of recovery are given between matches [2]. In this scenario, optimizing
recovery is required to reduce the risk of transitioning into a state of excessive fatigue as well
as to reduce the risk of injury [3].

One of the most critical aspects of the recovery continuum for elite athletes is obtaining a
sufficient quantity and quality of sleep [4]. In fact, athletes and coaches from several sports
including soccer have ranked sleep as the most important recovery strategy [5]. A minimum of
7-9 hours of total sleep time (TST) per night is generally recommended to promote optimal
health and cognitive function among adults aged 18 to 60 years old [6]. Although there is no
general consensus regarding the amount of sleep an elite athlete should obtain to maintain
optimal performance [7], athletes who obtain less than 7 hours of sleep per night might have
an increased likelihood of injury [4, 8]. In fact, some studies have found sleep durations of less
than 7 hours in elite athletes, especially in soccer teams. Sargent et al. [7], for example, found
that athletes (from individual and team sports) obtained an average of 6.5 hours sleep per
night, ranging from 5 to 8 hours. Lastella et al. [9] confirmed these results, finding that average
sleep duration for elite athletes (including elite soccer players) was 6.8 hours, ranging from 5.5
hours to 8 hours. Based on these results, it seems that athletes are probably not getting suffi-
cient sleep. Therefore, and importantly, athletes that might be sleeping for less than 7 hours
[10, 11] may require an extension of sleep time. In fact, extended TST (commonly used as
sleep quantity index [4]) can lead to better psychomotor accomplishment and technical accu-
racy [12], with likely positive effects on competitive performance [13]. Besides sleep quantity
analyses, sleep efficiency (SE; i.e., time asleep as a percentage of time in bed) is reccommended
for monitoring sleep patterns as a sleep quality variable [4, 14], especially in elite athletes [15].
According to the National Sleep Foundation report [16], SE >85% is generally recommended
as an appropriate indicator of good sleep quality, whereas a sleep efficiency <74% indicates
inappropriate sleep quality for young adults/adults. As already mentioned, athletes are often
unable to achieve >7 hours of TST and >85% SE during training and competition [4]. It is
important to analyze the achievement of good sleep indices (quality and efficiency) at the
group level and individual level, but possible interventions should primarily take into account
the individual sleep behaviors and its implications to each athlete’s performance.

Due to a variety of essential immunological and metabolic processes which occur during
sleep, it seems that a conceptual relationship exists between the quantity and quality of sleep
and the capacity of athletes to recover and perform [17]. However, the majority of research
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available examining the sleep of athletes, especially in women, has typically averaged data
across several nights, providing a mean estimate of usual sleep [7, 9, 18-20]. While such an
approach is useful to provide basic insight into sleep in athletes, it lacks details of how sleep
may vary across multiple nights [21]. Moreover, individual variability can reflect differences
within individuals over time [22], with high intra-individual sleep variability indicating the
need for individualized sleep education strategies and interventions to promote appropriate
sleep [21]. Additionally, the coefficient of variation (CV) of sleep parameters (e.g. TSTcv),
classified as a measure of intra-individual sleep variability [23], has been calculated to measure
nocturnal sleep variability [24]. In this respect, it may be important to include the presentation
of sleep data by encompassing individual responses, in addition to general group means [21].
In addition, special attention should be given to the sleep behavior of elite athletes (e.g.,
TSTcy) during international tournaments (a period of highly congested fixtures) since sleep
deficits can impair performance [25].

Although sleep is considered a restorative behavior, only recently there has been growing
interest for the assessment of the autonomic nervous system (ANS) activity through the use of
heart rate (HR) variability (HRV) (considered an indirect marker of the cardiac ANS activity
[26]) during overnight sleep in athletes. Since the cardiac ANS activity is highly sensitive to
environmental conditions (e.g., noise, light, temperature [27]), it is important that precautions
be taken to standardize recording conditions in order to isolate the training-induced effects
[28] on the cardiac ANS activity. Therefore, night recordings represent theoretically the best
(more standardized) recording condition for HR and HRV monitoring [29, 30]. Recently,
there has also been growing interest in the use of HRV measurements during sleep to evaluate
exercise-induced disturbances in allostatic load (i.e., adaptive processes that maintain homeo-
stasis through the production of mediators such as adrenalin, cortisol, and other chemical
messengers) [31], and recovery from daily training and other sources of stress [19, 20, 32]. In
fact, it is currently accepted that overnight sleep measurements over consecutive days are
appropriate for tracking the recovery of HRV following high-intensity exercise [33]. However,
standardized training programs within team sport settings have often produced sparse adap-
tive results, with high responders and low responders often getting lost in averaged data
reports [34]. As a consequence, an increased desire for training individualization in team sport
settings has given rise to a variety of athlete-monitoring strategies, enabling coaches to better
manage fatigue and manipulate training prescription on an individual basis [35].

Vagal indices of HRV, such as the logarithm of the root mean square of successive R-R
interval differences (InRMSSD), reflecting cardiac parasympathetic modulation, are sensitive
to fatigue and have been useful in evaluating individual training adaptation in soccer players
[36, 37]. Furthermore, the weekly (4-7 days) CV of INRMSSD (InRMSSDcy) may provide
valuable information concerning training-induced perturbations in homeostasis, i.e., can
reflect the day-to-day variations in cardiac parasympathetic activity [36, 38, 39]. In general,
athletes with a lower INRMSSD ¢y are more aerobically fit and seem to cope better with train-
ing and match loads [28, 40, 41]. Thus, athletes with high TST and SE and InRMSSD are
expected to experience less perturbation in sleep patterns [23] and cardiac autonomic activity
[42].

Although data exist on the role of sleep in recovery and on the impact of various interven-
tions (e.g. competitions, time of day for training, training and match loads) on sleep quality/
quantity, there is a need of more studies to describe individual sleep variability during interna-
tional tournaments, especially in elite female athletes, since sleep disturbances (e.g. reduced
sleep quantity) can affect performance outcomes [43]. These investigations may identify
potential factors related to disturbed sleep and nocturnal HRV, which could assist in better
defining and recommending appropriate sleep hygiene strategies and more adequately
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managing fatigue, as well as manipulation of training prescription and post-match recovery on
an individual basis. Therefore, the aim of this study was to describe sleeping patterns and noc-
turnal HRV individual profiles of elite female soccer players from a National team during an
international tournament.

Materials & methods
Subjects

Twenty elite outfield female soccer players (age: 25.2+3.1 years; height: 167.2+4.8 cm; body
mass: 57.8+3.8 kg; mean + SD) competing in the Portuguese National team volunteered to par-
ticipate in the study, during an international tournament (Algarve Cup 2018). The study
design was carefully explained to the subjects, and written informed consent was obtained.
The study followed the Declaration of Helsinki and was approved by the Ethics Committee of
the Faculty of Sports, University of Porto (CEFADE 03.2017).

Study design

The study followed a descriptive, observational design, highlighting the individual sleep and
overnight HRV responses of elite female soccer players during an international competition.
Data collection was performed throughout 9 consecutive days (encompassing 6 day-time
training sessions; DT [start ranged between 11:00AM-5:30 PM], 2 day-time matches; DM
[both started at 3:00 PM], and 1 evening-time match; EM [started at 7:00 PM) of an interna-
tional tournament (Table 1). Players’ sleeping patterns and nocturnal cardiac autonomic activ-
ity were monitored every night throughout the tournament. Players wore wrist actigraph units
and HR monitors during night-sleep. Training and match loads were quantified by session-
rating of perceived exertion (s-RPE), total distance covered (TD), training and match exposure
time (volume), and high-speed running (HSR) to characterize training practices and competi-
tion demands during the observation period.

Throughout the study (i.e., 9 consecutive days of the tournament), the subjects were hosted
in the same hotel. The players slept in twin rooms with separate beds (allocated by the techni-
cal staff together with the players). All meals were eaten at the same hotel restaurant (i.e.,
breakfast [until 9:30 AM], lunch [at 12:45 PM] and dinner [at 8:00 PM]). It is important to
highlight that time schedule for dinner on the EM day was changed (i.e. ~2 hours later [at
10:00 PM]) compared to the remaining days of the tournament. This was the only time sched-
ule change during all tournament. Similarly, all training sessions were conducted within the
hotel’s sports complex. All training sessions and matches were performed on an outdoor natu-
ral grass pitch. Ambient temperature (i.e. outdoor) ranged from 16-18°C during the day and

Table 1. Data collection during 9 consecutive days of an international tournament in elite female soccer players. Training load (TL) was assessed each day-training
(DT), day-match (DM), and evening-match (EM). Cardiac autonomic activity and actigraphy were assessed during night-sleep, and after each training session and match
(represented as grey area). Scheduled time and duration of training and matches are also illustrated.

Wednesday Thursday Friday Saturday Sunday Monday Tuesday Wednesday Thursday
TL (RPE, GPS); | TL (RPE, GPS); | TL (RPE, GPS); | TL (RPE, GPS); | TL (RPE, GPS); | TL (RPE, GPS); | TL (RPE, GPS); | TL (RPE, GPS); | TL (RPE, GPS);
Cardiac Cardiac Cardiac Cardiac Cardiac Cardiac Cardiac Cardiac Cardiac
autonomic autonomic autonomic autonomic autonomic autonomic autonomic autonomic autonomic
activiy; activiy; activiy; activiy; activiy; activiy; activiy; activiy; activiy;
Actigraphy Actigraphy Actigraphy Actigraphy Actigraphy Actigraphy Actigraphy Actigraphy Actigraphy

DT1;5:30 PM; | DT2;11:30 AM; | DM1;3:00 PM; | DT3;4:30 PM; | DM2; 3:00 PM; | DT4;4:00 PM; | DT5;4:00 PM; EM3; 7:00 PM; DT6; 4:00 PM;
(65 £ 2 min) (70 + 17 min) (67 + 26 min) (34 + 11 min) (79 + 23 min) (71 £ 20 min) (57 = 2 min) (63 + 27 min) (51 + 10 min)

Abbreviations: RPE, rating of perceived exertion; GPS, global positioning system

https://doi.org/10.1371/journal.pone.0218635.t001
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10-12°C during the night. The competitive matches were held in 3 different stadiums located
in the same district (Faro, Portugal; the furthest stadium from the hotel was ~1h by bus).
Therefore, long journeys and the consequences (e.g., travel fatigue and jet leg) were avoided.
Training schedules were set at the discretion of the team coaching staff. There was no interfer-
ence by the research team in the athletes’ regular training schedule or sleep/wake patterns. The
athletes were free to consume snacks, nutritional supplements, and caffeine during the data
collection period.

Measurements

Training and match load monitoring. Individual training and match exposure time was
routinely recorded by a member of the team’s medical staff. Subsequently, the recorded expo-
sure time was used to select the actual global positioning system (GPS) training data. The same
procedure was used during matches, based on the individual effective playing time, including
substitute players. The amount of activities performed during the tournament was monitored
using wearable 18-Hz GPS units (STATSports Apex, Northern Ireland). The accuracy of this
device has been previously examined, reporting a nearly perfect criterion validity to measure
distance during team sport specific movements (ICC = 0.98)[44]. A special vest was tightly fit-
ted to each player, with the receiver placed between the scapulae. All devices were activated
15-min before the data collection to allow acquisition of satellite signals in accordance with the
manufacturer’s instructions. In addition, in order to avoid inter-unit error, each player wore
the same GPS unit throughout the tournament [45]. Data were subsequently downloaded and
adjusted to training and match exposure using corporate software (STATSports Apex, North-
ern Ireland). TD covered was adopted as the measure of training and match volume. High-
speed running (HSR, >12.6 km-h™") was adopted as the measure of high-intensity activity per-
formed, according to a recent study in top-level female players [46].

Psychophysiological response to exercise was quantified using the session-rating of per-
ceived exertion method (s-RPE). Throughout the tournament, the players reported individual
RPE using the Borg category ratio scale (CR10) via a customized mobile application, approxi-
mately 30 min after each training session or match. The CR10 score (perceived intensity) was
subsequently multiplied by individual exposure time (training and match volume), thus pro-
viding an overall load quantification of the session or match [47].

Sleep monitoring. Night-sleep was assessed using 3-axial accelerometers (Actigraph LLC
wGT3X-BT, Pensacola, USA) worn on the non-dominant wrist. Wrist-worn accelerometers
have been used to monitor sleep in elite athletes [15], and validated against polysomnography
(PSG; [48]). Data were analysed using corporate software (ActiLife LLC Pro software v6.13.3,
Pensacola, USA). The sampling frequency was 50 Hz and the epoch of activity counts was 60 s
[49]. All sleep variables were determined every night throughout the tournament using the
Sadeh’s algorithm [49]. Objective sleep measures included total sleep time (total amount of
sleep obtained), time in bed (time between lying down until getting up the next day), wake-up
time (time between the last minute of sleep and getting up from bed), sleep onset time (time of
the first epoch of sleep between time of trying to initiate sleep and time at wake up), wake after
sleep onset (number of min awake after sleep onset), sleep fragmentation index (sum of mobil-
ity and immobility accesses in one minute, divided by the number of immobility accesses),
latency (time in minutes attempting to fall asleep), and sleep efficiency (percentage of time in
bed that was spent asleep) [49]. It is important to mention that although some studies have
reported SE <85% as insufficient sleep quality [4], according to the latest National Sleep Foun-
dation report [16], SE ranging from 75-84% is considered uncertain for young adults/adults,
whereas SE <74% indicates inappropriate sleep quality for the respective age category.
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Therefore, sleep quantity (TST) and sleep quality (SE) were analysed according to the Sleep
National Foundation report (i.e., TST <7h; 420 min as an indicator of inappropriate sleep
quantity, and SE <74% as inappropriate sleep quality) [16].

Cardiac autonomic activity monitoring. The slow-wave sleep episode (SWSE) method,
which accounts for the deep stage of sleep [36], was used to analyse the cardiac autonomic
activity during night-sleep [29]. This method records 10 minutes of normal RR intervals, con-
sidering the criteria proposed by Brandenberger et al., (2005). HR monitors (Firstbeat Body-
guard2®™, Firstbeat Technologies, Finland) were used during sleep. This device has been
validated against standard electrocardiogram equipment to detect heartbeats [50]. The RR
intervals analyzed in time domain measures included mean RR interval (mRR), mean HR,
RMSSD (square root of the mean of the sum of the squares of differences between adjacent
normal RR intervals; vagal modulation index), and SDNN (standard deviation of all NN
[RRintervals] interval). RR intervals were also used to produce the Poincaré plot SD; (short-
term beat-to-beat variability) and SD, (long-term beat-to-beat variability) values. Fast Fourier
Transform (Welch’s periodogram: 300-s window with 50% overlap)[51] was used to obtain
measures of nocturnal cardiac autonomic activity in the frequency domain, considering both
LF (0.004-0.15 Hz) and HF (0.15-0.4 Hz) indices. The ratio (i.e., LF/HF) index was calculated
from the non-transformed LF and HF data [51]. In addition, to reduce any potential non-uni-
formity or skewness in HRV, data were log-transformed by taking the natural logarithm (In)
before conducting any statistical analyses [52]. In all cases, the RR recordings were exported to
the Kubios version 3.2 Heart Rate Variability software (Biosignal Analysis and Medical Imag-
ing Group at the Department of Applied Physics, University of Kuopio, Kuopio, Finland).

Buchheit [36] proposed 3% as the fixed smallest worthwhile change (SWC) to detect even-
tual changes related to positive and negative adaptations in HRV-derived indices. Given that
both 0.5xCV [36] and 1xCV have been acceptably used to account for within-athlete varia-
tions in HRV-derived indices, it is possible to state that using 3% as proposed by Buchheit [36]
is acceptable and conservative for INRMSSD, especially for soccer players [42].

Statistical analysis. Sample distribution was tested using the Shapiro-Wilk test for sleep
patterns, nocturnal cardiac autonomic activity indices (HRV), and training and match load
variables for each day of the tournament. Sleep patterns, nocturnal autonomic activity, and
training load variables displayed during the 9 days of the tournament are presented as
mean + SD for the indices that displayed normal distribution and presented as median (inter-
quartile range) for data that did not present normal distribution. The coefficient of variation
(CV; CV = ([SD/mean] x100) was calculated for the whole group and also intra-individually
for TST and InRMSSD indices across 9 days of the international tournament. The SWC was
calculated from the intra-individual CV of InRMSSD (InRMSSDcyv), considering the 9 days of
the tournament [36].

A within-subjects linear mixed model analysis was performed to examine differences in
TST, SE, and nocturnal InRMSSD variables across 9 days of the tournament. An o-level of 0.05
was set as the level of significance for statistical comparisons. The days of the tournament (i.e.,
DT, DM, and EM) were included as a fixed effect and player identity (subject ID) as the ran-
dom effect. Furthermore, among the recommended variance-covariance structure models,
compound symmetry was selected according to the smallest Akaike Information Criterion
assessment [53], based on the Restricted Maximum Likelihood method. Pairwise comparisons
(Bonferroni) were used to show the day-to-day mean differences for TST, SE, and nocturnal
InRMSSD indices.

Within-subjects correlations were calculated between sleep indices (TST and SE), HRV
(InRMSSD) and load parameters (TD, HSR, s-RPE and exposure time) [54]. In repeated-mea-
sures studies, it is important to quantify within-subject correlations by modelling the
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longitudinal dataset as a whole and reducing the variation between subjects. For instance, rather
than pooling all the data, or calculating correlations separately for individual participants, this
approach quantifies the correlation and associated 95% confidence intervals (95% CI) between
a covariate and outcome, while taking into account the within-participant nature of the study
design, based on the correct degrees of freedom. The magnitudes of correlation were qualita-
tively interpreted using the following criteria: trivial (r < 0.1), small (r = 0.1-0.3), moderate
(r=0.3-0.5), large (r = 0.5-0.7), very large (r = 0.7-0.9) and almost perfect (r > 0.9) [55]. When
95% CI overlapped positive and negative values, the effect was deemed to be unclear.

Results
Missing data

Technical problems and/or player compliance resulted in some missing data points (sleep vari-
ables: valid cases, n = 142 [92%], and missing cases, n = 13 [8%]; nocturnal HRV indices: valid
cases, n = 137 [88%], and missing cases, n = 18 [12%]; TD, exposure time and HSR: valid
cases, n = 137 [88%], and missing cases, n = 18 [12%]; s-RPE: valid cases, n = 103 [67%], and
missing cases, n = 52 [34%]).

Training and match load variables

As a group, the s-RPE, TD, exposure time, and HSR during training sessions ranged from 131
to 360 arbitrary units (AU), 2201 to 4284 m, 34 to 76 min, and 130 to 756 m, respectively. Dur-
ing matches these variables ranged from 504 to 602 AU, 7012 to 7746 m, 64 to 83 min, and
1678 to 1888 m, respectively. These data are summarized in Fig 1 (Fig 1A, 1B, 1C and 1D).

Individually, the s-RPE, TD, exposure time, and HSR during training sessions ranged from
20 to 680 AU, 892 to 5176 m, 20 to 76 min, and 80 to 1140 m, respectively. During matches
these values ranged from 149 to 876 AU, 2236 to 11210 m, 20 to 98 min, and 629 to 3213 m,
respectively. These data are summarized in Fig 1 (Fig 1A, 1B, 1C and 1D).

Sleep variables

As a group, player TST ranged between 7:41+0:48 and 8:26+0:41 hours during all DT and both
DM of the tournament, Table 2. However, a lower duration of TST was observed after EM
(6:47+0:58 hours) compared to all days of the tournament (p<0.001), especially when com-
pared to both DM, and DM, (-1:39+0:17 hours and -1:28+0:12 hours, respectively; p<0.001).
In addition, a lower SE was found after EM compared to all days of the tournament (p<0.001),
especially when compared to both DM; and DM, (-6+3% and -4+2%, respectively; p<0.001).
All the sleep-related variables are presented in Table 2.

Individually, some players slept less than recommended (<7 hours; 420 min) after DT,
(n = 4; player 8,13,19 and 20), DT, (n = 3; player 6, 13 and 20), DM; n = 0, DT (n = 1; player
12), DM, (n = 6; 8, 10, 16 and 20), DT, (n = 2; player 12 and 13), DT (n = 2; player 2 and 12),
EM; (n = 8; player 5, 6, 8, 10, 12, 16, 17 and 20), and DT (n = 1; player 20); especially after EM
(TST range between 6:00-6:54 h). TST ¢y ranged between 3.1 and 18.7% (Fig 2). Overall, all
players presented good sleep quality (i.e., sleep efficiency >75%; individual range between 75-
98%) across all days of the tournament (Fig 2).

Cardiac autonomic activity variables

As a group, nocturnal autonomic cardiac activity was not affected during the 9 days of the
tournament. Overnight INRMSSD ranged from 4.19+0.88 to 4.54+0.42 In[ms] (p>0.05). Noc-
turnal autonomic cardiac activity data are presented in Table 3.
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Fig 1. Individual subject session of perceived exertion (A), total distance (B), exposure time (C), and high-speed running (D) responses during 9
consecutive days of an international tournament in elite female soccer players. Group mean + 95% confidence interval are presented (black lines) for s-RPE
and HSR, and median (interquartile range) for TD and exposure time (black lines) for each day in elite female soccer players. Abbreviations: s-RPE, session-
rating of perceived exertion; TD, total distance; HSR, high-speed running; DT, day-training; DM, day-match; EM, evening-match. Note: s-RPE: DT, (n = 15);
DT, (n =14); DM, (n = 10); DT; (n = 17); DM, (n =7); DT (n = 8); DT5 (n = 13); EM; (n = 7); and DTg (n = 11). TD, exposure time, and HSR: DT, (n = 16);
DT, (n=18); DM, (n=9); DT3 (n = 18); DM, (n = 11); DT, (n = 14); DT5 (n = 20); EM; (n = 13); and DT¢ (n = 18).

https://doi.org/10.1371/journal.pone.0218635.g001

Individually, two players (players 6 and 7) appeared to present higher INRMSSDcv (11.7
and 11.5%; respectively), which occurred simultaneously with a reduced InRMSSD average
(3.66 and 2.73 ms; respectively), throughout the tournament, in contrast to the remaining
team (individual InRMSSD ranging between 3.91 and 5.37 ms, and InNRMSSDcy ranging
between 2.8 and 9%) (Fig 3).

The within-subject correlation between sleep indices and nocturnal HRV with training and
match load are presented in Table 4. All load parameters showed unclear correlations with TST,
SE and InRMSSD. Additionally, sleep and HRV (i.e. TST and SE with InRMSSD) showed also
unclear correlations (r = -0.035 [-0.47;0.41] and r = -0.07 [-0.49; 0.39], P>0.05, respectively).

Discussion

The main finding from the sleep results was that some players presented less TST than recom-
mended during different days of the tournament (i.e., independently of being DT, DM and
EM). However, after EM, a higher number of athletes slept for less than 7 hours in contrast to
the remaining days of the tournament during which they presented adequate sleep duration.
Nevertheless, all players displayed good sleep quality.
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Table 2. Actigraphy sleep responses during 9 days comprising an international tournament in elite female soccer players. Values are mean + standard deviation (SD)
and median (interquartile range).

DT, DT, (n=20) | DM, (n=13) | DT3(n=19) DM, (n=13) DT, (n=12) DT;5(n=17) EM; (n=13) DTg (n =15)
(n=20) missing missing (n=1; | missing (n=1; | missing (n=2; | missing (n=3; | missing (n=2; | missing (n=3;
(n=1;7%) 5%) 7%) 14%) 15%) 13%) 16%)
Sleep 23:31+0:23* | 23:12 £ 0:36" | 23:14 + 0:34* 23:26 + 0:34* 23:19 + 0:56* 23:48 + 0:39* 23:30 + 0:33* 0:45 + 0:32 23:35 + 0:39*
onset
time (h:
min)
Wakeup | 8:27+0:31 | 8:39(0:36) 9:02 (1:01) 8:38 (0:37) 8:25 + 0:22 8:14 + 0:27 8:37 + 0:27 8:56 + 0:34 8:39 (0:43)
time (h:
min)
TIB (h: 9:06 + 0:45 | 9:15 (0:58) 9:42 + 0:28 9:03 + 0:32 9:08 + 1:11 8:21 + 0:44 8:54 + 0:56 7:50 + 0:46 8:34 + 0:33
min)
TST (h: 7:56 £ 0:47* | 7:58 * 0:54* 8:26 £ 0:41* 7:54 £ 0:36" 8:15 £ 1:08" 7:41 £ 0:48* 8:02 £ 0:57* 6:47 + 0:58 7:55 + 0:38"
min)
WASO 44 (32) 59 (38) 61+32 45 (37) 41 (35) 42425 53433 65+ 35 63 (74)
(min)
SFI (%) 26+9 26+9 26+ 8 29+ 11 27+ 10 23+10 27+9 32+10 24 (18)
SE (%) 91 +6* 91 +6* 87 +4* 91 £ 6* 85+ 5* 90 + 6" 92 +6* 81+7 91 +4*
Sleep 4+3 3(2) 74+2* 3(2) 9+4* 4+3 3(2) 2049 4+3
latency
(min)

*Significantly different compared to EM (P<0.001)

Abbreviations: DT, day-training; DM, day-match; EM, evening-match; TIB, time in bed; TST, total sleep time; WASO, wake after sleep onset; SFI, sleep fragmentation

index; SE, sleep efficiency.

Note: The mean values represent only the players that trained and played on the respective day of the tournament (goalkeepers were excluded).

https://doi.org/10.1371/journal.pone.0218635.t002

The main finding from overnight HRV results was that most players seemed to present
small fluctuations in nocturnal cardiac autonomic activity, while two players appeared to pres-

ent higher INRMSSD v, occurring simultaneously with a reduced InRMSSD average during
the tournament, compared to the remaining players of the team.
Overall, as a group, players accumulated adequate sleep quantity and presented good sleep

quality on all training days and DM of the tournament. However, significantly decreased dura-
tions of TST and SE were observed after EM compared to DM of the tournament. These results
are in accordance with recent studies showing that soccer players presented sleep duration
within the appropriate healthy range on training days and match days concluded before 6 PM,
but slept significantly less, delayed bedtime, and presented a lower SE after matches starting
after 6 PM [56, 57]. In fact, the impact of night matches (i.e., schedule time) on subsequent
sleep is well established [58, 59]. For example, Sargent and Roach (2016) examined the sleep of
elite Australian football players on the night immediately following a day match or following
an evening match. During the night immediately after the evening match, the players initiated
sleep 2.5 hours later and obtained 2.1 hours less sleep when compared to sleep immediately fol-
lowing the day match. In the present study, following EM, female soccer players initiated sleep
much later compared to DM; and DM,, and obtained less sleep quantity compared to DM,
and DM,. Another interesting result was that higher sleep latency was found after EM com-
pared to DM, and DM,. These results are in accordance with a large epidemiological survey
that reported that 24% of respondents perceived difficulty in initiating sleep after late-evening
exercise compared to 7% after early evening exercise [60]. Our results also agrees with recent
ones showing that sleep latency in high-level female soccer players was negatively affected after
night-training sessions (start 9:00 PM) compared to resting days and match days (3:00 PM)
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Fig 2. Group and individual subject (n = 20) total sleep time (TST) and sleep efficiency (SE) displayed during 9 days of an international tournament. Group and
individual black and grey dots represent daily changes in TST and SE, respectively. TST and SE averages (with max-min values) are also presented. The black dashed
circumferences represent the days that TST was lower than recommended (i.e., <420 min; <7 hours). The exposure time (min) for each day is also presented on all days of
the tournament (x axis). Abbreviations: DT, day-training; DM, day-match; EM, evening-match; CV, coefficient of variation.

https://doi.org/10.1371/journal.pone.0218635.9g002

[18], and suggest that late-evening exercise, occurring close to bedtime sleep, can impose a
high risk of obstructing falling asleep at night. Thus, an acceptable explanation for the results
observed in the present study could be the time scheduling of the matches, suggesting for the
practitioners to implement sleep education strategies (e.g. sleep extension and/or naps) and
interventions to promote appropriate sleep and recovery, especially after night competitions,
since athletes are often unable to achieve recommended TST and SE, with lower values on the
night of competition compared with the previous night [4].

A main finding from the individual sleep analysis was that some players slept less than rec-
ommended during the tournament, especially after EM. Importantly, seven out of eight players
who played the EM also presented shorter TST on the night after EM (start 7 PM) compared
with the previous night (DT). As already mentioned, these results are in accordance with a
recent study [4] in elite athletes that showed nocturnal TST was shorter on the night after the
match (start >6 PM) compared with the previous night (training and match or rest day).

Besides the training schedule, another possible explanation for the sleep results could be the
training and match loads that players were exposed to during the tournament, especially dur-
ing matches [4]. In fact, on days DM, and EM, more players that participated during the
match slept less than recommended, with both days presenting the highest values of external
load (e.g., HSR) and exposure time during the tournament. Interestingly, no sleep disturbances
were found for any players that played DM;. Nonetheless, despite the external training and
match loads that players were exposed to, each player seemed to present good sleep quality
across all days of the tournament. In fact, training and match load parameters were not signifi-
cantly correlated with sleep, indicating that the amount of load parameters was not high
enough to cause meaningful disturbances on the sleep indices, in this specific National female
soccer team. These results could also be supported by the appropriate values of sleep latency
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Table 3. Overnight cardiac autonomic activity (SWSE method) responses during 9 days of the international tournament in elite female soccer players. Values are
mean + standard deviation (SD) and median (interquartile range).

DT, (n=19) | DT, (n=18) A DM;(n=13) | DT3(n=19) | DM, (n=12) | DT, (n=12) DT5 (n=16) EM; (n=12) DTg (n=15)
missing (n = 1; | missing (n = 2; | missing (n = 1; | missing (n = 1; | missing (n = 2; | missing (n = 2; | missing (n = 4; | missing (n = 3; | missing (n = 3;
5%) 10%) 7%) 5%) 14%) 14%) 20%) 20%) 17%)
Heart rate 46.5+5.2 474+7.0 46.1+7.3 469 + 6.9 48.3+4.7 46.0 + 6.5 46.9 £ 6.0 48.8+5.6 475+ 7.1
(bpm)
RR 7.2+0.1 72+0.2 72+0.2 7.2+0.1 7.1£0.1 7.2+0.1 7.2+0.1 7.1£0.1 72+0.2
interval (In
[ms])
RMSSD 44 +0.7 42+09 44 +0.7 43+0.7 44 +0.6 45+04 43+0.5 44+0.7 45+04
(In[ms])
SDNN (In 4.0£0.7 39+£0.8 4.0x0.6 3.9+£0.7 4.1+£0.6 42+0.3 4004 4.1+£0.6 42+03
[ms])
SD1 (In 4.0£0.7 3.8+£09 4.0x0.7 40+0.7 4.1+£0.6 42+04 4.0+0.5 4.1+£0.7 42+04
[ms])
SD2 (In 39+0.6 3.8+£0.7 4.0x0.5 3.9+09 40+0.5 4103 3.9+£0.3 40x0.5 41+03
[ms])
LF (In 6.5+1.2 63+14 6.9+1.1 6.5+1.5 6.8 +0.9 7.0+£0.6 6.4+0.6 6.9+1.0 6.9+0.7
[ms’])
HEF (In 74+14 7.1+£1.7 7.6+1.5 73+15 7.5+1.2 7.7+0.8 7.3+£09 75+14 7.7+0.8
[ms*])
LF/HF 0.7 (0.5) 0.6 (0.5) 0.8 (0.5) 0.6 (0.5) 0.6+04 0.6 (0.5) 0.5 (0.4) 0.7 %05 0.4 (0.2)

Abbreviations: DT, day-training; DM, day-match; EM, evening-match; RR interval, variations between consecutive heart beats (beat to beat); RMSSD, square root of the
mean of the sum of the squares of differences between adjacent NN intervals; SDNN, standard deviation of all NN interval; SD1, short-term beat-to beat variability; SD2,
long-term beat-to-beat variability; LF, low frequency; HF, high frequency; LF/HF, ratio of the low-to high frequency power.

Note: The mean values represent only the players that trained and played on the respective day of the tournament (goalkeepers were excluded).

https://doi.org/10.1371/journal.pone.0218635.t003

observed for all players during the tournament. Additionally, in the current study, the within-
player variability in TST (CV = 7.4%) was relatively low compared with a recent study that
found a good within-player consistency of sleep (CV = 15.2%), across 8 days of rest (without
exercise) and 8 days of night-training sessions in highly trained female soccer players [19].
Thus, even under stress imposed by tournament scheduling and training and match loads, the
players maintained relatively good consistency in sleep habits to recover from the training ses-
sions and matches.

Notably, six players seemed to have constantly “compensated” the low TST after participat-
ing in matches (independently of being DM or EM), including one player that played all
matches (player 10), by extending sleep duration on the next day, probably as a “self-sleep
hygiene” strategy. These findings are relatively consistent with previous data suggesting that
training and competition schedules dictate the sleep/wake behavior of elite athletes [7, 9, 61].
Taken together, these findings are of considerable importance for athletes and coaches because
nights of reduced sleep (i.e., 5-7 h of sleep per night) can lead to deficits in neurobehavioural
performance and increases in subjective feelings of sleepiness and fatigue [62]. Therefore, if
the training or competition schedule provides sufficient space for recovery strategies, extend-
ing bedtime to achieve prolonged sleep duration appears to be a beneficial approach. As preva-
lence of sleep restriction among athletes seems to be high [63], athletes are encouraged to
implement 30 to 60 minutes of additional sleep each night as a ‘self-experiment” which should
be monitored and supported by staff members [64]. In addition, when feasible, athletes may
also achieve additional sleep time by implementing daytime naps. Furthermore, habitual nap-
ping can be generally encouraged, whereas timing (i.e., preferably in the early afternoon) and
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https://doi.org/10.1371/journal.pone.0218635.9g003

duration (i.e., < 30 min) should be appropriately planned [65]. However, naps shorter than
one hour are recommended, and not too close to bedtime as it may interfere with sleep [65].
In the current study, no significant changes in HRV were noticed across 9 days of an inter-
national tournament (independently of being DT, DM, or EM). Regarding the training and
match loads of the investigated soccer team, it appears that the s-RPE of training sessions and
matches during the international tournament were not high enough to cause overnight
changes in the cardiac autonomic system in this specific National team. Our study showed
that, as a group, elite female soccer players are able to tolerate up to ~3000 AU across 9 days

Table 4. Within-subject correlation between sleep indices and nocturnal HRV with training and match load responses during an international tournament

(n=20).
TD HSR s-RPE Exposure time
P r(95% Cls) | Description | P r (95% CIs) | Description | P r(95% CIs) | Description | P r (95% CIs) | Description
TST 1.000 | -0.27 (-0.64; Unclear 1.000 | -0.21 (-0.60; Unclear 1.000 | -0.25 (-0.62; Unclear 1.000 -0.21 (-0.60; Unclear
0.19) 0.26) 0.21) 0.26)
SE 0.393 | 0.19 (-0.28; Unclear | 0.296 0.23 (-0.24; Unclear | 0.348 | 0.21 (-0.26; Unclear | 0.296 0.23 (-0.24; Unclear
0.58) 0.61) 0.60) 0.61)
InRMSSD | 0.424 | 0.18 (-0.29; Unclear |0.398 0.19(-0.28; Unclear |0.407 | 0.19(-0.28; Unclear | 0.398 0.19 (-0.28; Unclear
0.58) 0.58) 0.58) 0.58)

Abbreviations: TST, total sleep time; SE, sleep efficiency; InNRMSSD, natural logarithm of square root of the mean of the sum of the squares of differences between

adjacent NN intervals; Cls, confidence intervals; TD, total distance; HSR, high-speed running; s-RPE, session-rating of perceived exertion.

https://doi.org/10.1371/journal.pone.0218635.t004
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or =600 AU per day of s-RPE during an international tournament, without presenting signs of
severe nocturnal cardiac autonomic perturbation. In addition, training and match load param-
eters were not significantly correlated with HRV, indicating the absence of a dose-response
feature that could suggest decreased tolerance to the higher loads experienced during the
period of observation, in this sample of elite players. Accordingly, Costa et al., 2018 [20] found
in highly trained female soccer players during a 7-day period of the competitive season that
late-night soccer training did not affect nocturnal HRV indices in comparison with rest days.
The authors suggest that the late-night training loads, as measured by training impulse (range
between: 77.5 [36.5] and 110.8 [31.6] AU) and s-RPE (range between: 281.8 [117.9] and 369.0
[111.7] AU), were not high enough to disturb the cardiac autonomic function during sleep
hours. Although National team players might be more resilient to sustained high levels of
training and match load without presenting signs of severe nocturnal cardiac autonomic per-
turbation, this needs to be further investigated.

The InRMSSD vy has also been assessed in studies involving highly-trained athletes as a
marker of weekly variation in daily assessed InRMSSD [66]. In a recent study [67], the authors
suggested that a high diurnal InRMSSD¢y (subject 3 CV = 12.8% and subject 8 CV = 11.9%)
was positively associated with perceived fatigue and negatively associated with the physical fit-
ness of female soccer players. Moreover, another study found that diurnal InNRMSSD ¢y mea-
sured in swimmers can increase to values>10% during overload periods [68]. In our study, as
a group, InRMSSD derived from the SWSE method displayed low average CV (6%). In fact,
most of the INRMSSD values across all days of the tournament were located within the SWC
range (3%) [36]. However, individually, two players (players 6 and 7) appeared to present
higher INRMSSDcy, which occurred simultaneously with a reduced average InRMSSD during
the tournament, contrasting with the remaining players of the team. Thus, overnight HRV
during the international tournament was more sensitive to variation in these two players. Fur-
thermore, it could be speculated that higher INRMSSD ¢y associated with reduced average
InRMSSD during training and matches may be interpreted as a sign of overload [67]. Thus,
although no significant correlation between InRMSSD and training/match loads could be
detected in the current study, it is highly advisable that coaches closely examine individual
cases in which players can be suffering some detrimental effects during the competition in
order to promote their recovery by means of sleep hygiene and other means [64].

With the purpose of monitoring athletes, measurements performed during consecutive
days throughout the week are very useful to interpret adaptations [69]. In our study, players
seemed to display lower perturbation of nocturnal cardiac autonomic activity, as expressed by
the INRMSSDcy [69]. Although the study comprised only 9 days of observation, it can be glob-
ally inferred that players were coping well with the training sessions and matches. In fact, a
reduced InRMSSD v without a clear decrease in the INnRMSSD, which occurred for most of
these female soccer players, may reflect the possibility of a high level of readiness to perform
[66] during the international tournament. This finding corroborates previous studies assessing
HRYV during the day, in athletes who were awake [42, 68]. Finally, coaches and technical staff
should give great attention to player 6 who presented the highest CV for both TST and
InRMSSD (12.5% and 11.7%, respectively) during the 9 days of the international tournament.

Limitations

Some limitations of the current study should be noted. Given that this study was conducted in
a field setting (i.e., real-world scenario), there were many uncontrolled factors that may have
affected the athletes’ sleep, other than match/training scheduling and load (e.g. use of caffeine;
social media after lights out, electronic devices, level of light exposure during daytime, use of
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twin rooms, lack of standardization of room temperature, menstrual cycle phase of the players
and perceived stress/well-being). In fact, additional measures (e.g., well-being ratings) are
needed to contextualize and better interpret changes in HRV [67, 70]. Unfortunately, due to
time and technical constraints, well-being, fitness level, and other types of perceived stress
were not determined, and we recognize this as an important limitation of the current study to
better understand the HRV values of each player during the tournament. Moreover, it is
important to note that the fixed value of 3% was used as the SWC [36], but it was originally cal-
culated from awake time measures, in general early in the morning. In the absence of over-
night-specific SWC values, we have opted to use the 3% to identify InNRMSSD meaningful
changes in athletes.

Eventual strategies that athletes used to increase their sleep duration during the day (e.g.,
naps) were not recorded. Nonetheless, the findings from the present study indicate that, if
given the opportunity, elite female soccer players will try to compensate sleep loss due to even-
ing match by extending their sleep in the following day to ameliorate fatigue and tiredness
[11].

In addition, caution should be applied when interpreting the CV values for sleep and HRV,
since on some days there were missing data. Furthermore, this study was limited by the fact
that a “real baseline” was not evaluated for possible sleep and nocturnal HRV comparisons
across the 9 days of the tournament.

Finally, while the s-RPE method may be simple, valid, and reliable, in this study we did not
use other types of internal training and match load monitoring (e.g. HR monitors), which
could provide objective information for the interpretation of the physiological responses of the
players.

Conclusions

The present observational study is the first to systematically analyse consistent individual sleep
and nocturnal HRV responses in elite female soccer players during a congested match sched-
ule. Individually, some players presented less TST than recommended after some days of the
tournament. However, the highest number of athletes sleeping less than 7 hours was found
after EM compared with the remaining days of the tournament. Nevertheless, all players dis-
played good sleep quality for each day of the tournament. Additionally, most players seemed
to present small fluctuations in nocturnal cardiac autonomic activity. Overall, this study high-
lights the substantial individual variability in sleep and HRV measures, suggesting the adop-
tion of an individual approach to monitor sleep, training and match loads and recovery, to
better understand how players cope with highly demanding competitions.

Practical applications

Our observational analysis of sleep and nocturnal HRV responses of elite female soccer players
could assist coaches and practitioners to identify sleep and HRV disturbances during official
competitions, especially during periods of highly congested fixtures, as occurs during interna-
tional tournaments. In fact, identifying the optimal amount of sleep on an individual basis
may be difficult [71], but at a minimum, adult and youth athletes who demonstrate an average
sleep of less than 7 or 8 h, respectively, likely warrant additional evaluation to identify their
specific sleep barriers. Therefore, those individuals that felt to demonstrate negative effects of
insufficient sleep duration and/or quality should be encouraged to use sleep hygiene tech-
niques, to improve daytime energy and alertness [10]. Longitudinal monitoring of training
and match load, sleep, fatigue (e.g. trough HRV), stress, and mood may not only help identify
individuals at risk but also can help monitor for improvements in sleep, well-being, and
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performance during highly demanding competitions [64]. Thus, and in order to avoid high
data loss, it is very important that coaches constantly encourage and explain to the players

about the importance of monitoring load and health parameters (e.g. in areas such as player
recovery) during different match and training constraints (e.g. international tournaments).

Acknowledgments

The authors would like to thank each of the athletes, and coaching and medical staff for their
participation and cooperation during the study. FIFA Research Scholarship 2017 (Interna-
tional Centre for Sports Studies [CIES] and Fédération Internationale de Football Association
[FIFA]) funding was provided for this study. The study was also supported by two individual
doctoral grants from Fundagéo para a Ciéncia e a Tecnologia: Julio Costa (SFRH/BD/128531/
2017) and Vincenzo Rago (SFRH/BD/129324/2017).

Author Contributions

Conceptualization: Julio Costa, Pedro Figueiredo.

Data curation: Julio Costa, Pedro Figueiredo, Vincenzo Rago, Jodo Brito.

Formal analysis: Julio Costa, Pedro Figueiredo, Fabio Nakamura, Antonio Rebelo, Jodo Brito.
Funding acquisition: Julio Costa, Vincenzo Rago.

Investigation: Julio Costa, Vincenzo Rago, Jodo Brito.

Methodology: Julio Costa, Pedro Figueiredo, Fabio Nakamura, Antonio Rebelo, Joao Brito.
Project administration: Jodo Brito.

Supervision: Antdonio Rebelo, Jodo Brito.

Validation: Anténio Rebelo.

Visualization: Julio Costa.

Writing - original draft: Julio Costa.

Writing - review & editing: Julio Costa, Pedro Figueiredo, Fabio Nakamura, Vincenzo Rago,
Antodnio Rebelo, Jodo Brito.

References

1. King M, Duffield R. The effects of recovery interventions on consecutive days of intermittent sprint exer-
cise. The Journal of Strength & Conditioning Research. 2009; 23(6):1795-802.

2. Andersson H, Bohn SK, Raastad T, Paulsen G, Blomhoff R, Kadi F. Differences in the inflammatory
plasma cytokine response following two elite female soccer games separated by a 72-h recovery. Scan-
dinavian journal of medicine & science in sports. 2010; 20:740—7. https://doi.org/10.1111/j.1600-0838.
2009.00989.x PMID: 19765242.

3. Meeusen R, Duclos M, Foster C, Fry A, Gleeson M, Nieman D, et al. Prevention, diagnosis, and treat-
ment of the overtraining syndrome: joint consensus statement of the European College of Sport Science
and the American College of Sports Medicine. Med Sci Sports Exerc. 2013; 45(1):186—205. https://doi.
org/10.1249/MSS.0b013e318279a10a PMID: 23247672.

4. Roberts SSH, Teo WP, Warmington SA. Effects of training and competition on the sleep of elite ath-
letes: a systematic review and meta-analysis. Br J Sports Med. 2018. https://doi.org/10.1136/bjsports-
2018-099322 PMID: 30217831.

5. Fallon KE. Blood tests in tired elite athletes: expectations of athletes, coaches and sport science/sports
medicine staff. BrJ Sports Med. 2007; 41(1):41—4. https://doi.org/10.1136/bjsm.2006.030999 PMID:
17062653; PubMed Central PMCID: PMC2465134.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218635 September 17,2019 15/19

93



@ PLOS|ONE

Sleep and nocturnal heart rate variability individual profiles in elite female soccer

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

Watson NF, Badr MS, Belenky G, Bliwise DL, Buxton OM, Buysse D, et al. Recommended Amount of
Sleep for a Healthy Adult: A Joint Consensus Statement of the American Academy of Sleep Medicine
and Sleep Research Society. Sleep. 2015; 38(6):843—4. https://doi.org/10.5665/sleep.4716 PMID:
26039963; PubMed Central PMCID: PMC4434546.

Sargent C, Lastella M, Halson SL, Roach GD. The impact of training schedules on the sleep and fatigue
of elite athletes. Chronobiol Int. 2014; 31(10):1160-8. https://doi.org/10.3109/07420528.2014.957306
PMID: 25222347.

Milewski MD, Skaggs DL, Bishop GA, Pace JL, Ibrahim DA, Wren TA, et al. Chronic lack of sleep is
associated with increased sports injuries in adolescent athletes. J Pediatr Orthop. 2014; 34(2):129-33.
https://doi.org/10.1097/BP0O.0000000000000151 PMID: 25028798.

Lastella M, Roach GD, Halson SL, Sargent C. Sleep/wake behaviours of elite athletes from individual
and team sports. Eur J Sport Sci. 2015; 15(2):94—-100. https://doi.org/10.1080/17461391.2014.932016
PMID: 24993935.

Gupta L, Morgan K, Gilchrist S. Does Elite Sport Degrade Sleep Quality? A Systematic Review. Sports
Med. 2017; 47(7):1317-33. https://doi.org/10.1007/s40279-016-0650-6 PMID: 27900583; PubMed
Central PMCID: PMC5488138.

Lastella M, Roach GD, Sargent C. Travel fatigue and sleep/wake behaviors of professional soccer play-
ers during international competition. Sleep Health. 2019; 5(2):141-7. https://doi.org/10.1016/j.sleh.
2018.10.013 PMID: 30928113.

Mah CD, Mah KE, Kezirian EJ, Dement WC. The effects of sleep extension on the athletic performance
of collegiate basketball players. Sleep. 2011; 34(7):943-50. https://doi.org/10.5665/SLEEP.1132
PMID: 21731144; PubMed Central PMCID: PMC3119836.

Kolling S, Steinacker JM, Endler S, Ferrauti A, Meyer T, Kellmann M. The longer the better: Sleep-wake
patterns during preparation of the World Rowing Junior Championships. Chronobiol Int. 2016; 33
(1):73-84. https://doi.org/10.3109/07420528.2015.1118384 PMID: 26730643.

Claudino JG J Gabbet T, de Sa Souza H, Simim M, Fowler P, de Alcantara Borba D, et al. Which param-
eters to use for sleep quality monitoring in team sport athletes? A systematic review and meta-analysis.
BMJ Open Sport & Exercise Medicine. 2019; 5(1):e000475. https://doi.org/10.1136/bmjsem-2018-
000475 PMID: 30729029

Staunton C, Gordon B, Custovic E, Stanger J, Kingsley M. Sleep patterns and match performance in
elite Australian basketball athletes. J Sci Med Sport. 2017; 20(8):786-9. https://doi.org/10.1016/j.jsams.
2016.11.016 PMID: 28169152.

Ohayon M, Wickwire EM, Hirshkowitz M, Albert SM, Avidan A, Daly FJ, et al. National Sleep Founda-
tion’s sleep quality recommendations: first report. Sleep Health. 2017; 3(1):6—19. https://doi.org/10.
1016/j.sleh.2016.11.006 PMID: 28346153.

Samuels C. Sleep, recovery, and performance: the new frontier in high-performance athletics. Neurol
Clin. 2008; 26(1):169-80; ix-x. https://doi.org/10.1016/j.ncl.2007.11.012 PMID: 18295089.

Costa JA, Brito J, Nakamura FY, Figueiredo P, Oliveira E, Rebelo A. Sleep patterns and nocturnal car-
diac autonomic activity in female athletes are affected by the timing of exercise and match location.
Chronobiol Int. 2018:1-14. https://doi.org/10.1080/07420528.2018.1545782 PMID: 30451008.

Costa JA, Brito J, Nakamura FY, Oliveira EM, Costa OP, Rebelo AN. Does Night-Training Load Affect
Sleep Patterns and Nocturnal Cardiac Autonomic Activity in High-Level Female Soccer Players? Int J
Sports Physiol Perform. 2018:1-26. https://doi.org/10.1123/ijspp.2018-0652 PMID: 30569771.

Costa JA, Brito J, Nakamura FY, Oliveira EM, Rebelo AN. Effects of Late-Night Training on "Slow-
Wave Sleep Episode" and Hour-by-Hour-Derived Nocturnal Cardiac Autonomic Activity in Female Soc-
cer Players. Int J Sports Physiol Perform. 2018; 13(5):638—44. https://doi.org/10.1123/ijspp.2017-0681
PMID: 29345542,

Nedelec M, Aloulou A, Duforez F, Meyer T, Dupont G. The Variability of Sleep Among Elite Athletes.
Sports Med Open. 2018; 4(1):34. https://doi.org/10.1186/s40798-018-0151-2 PMID: 30054756;
PubMed Central PMCID: PMC6063976.

Van Dongen HP. Analysis of inter- and intra-individual variability. J Sleep Res. 2005; 14(2):201-3;
author reply 5-6. https://doi.org/10.1111/j.1365-2869.2005.00453.x PMID: 15910519.

Buman MP, Hekler EB, Bliwise DL, King AC. Exercise effects on night-to-night fluctuations in self-rated
sleep among older adults with sleep complaints. J Sleep Res. 2011; 20(1 Pt 1):28-37. https://doi.org/
10.1111/].1365-2869.2010.00866.x PMID: 20629937; PubMed Central PMCID: PMC2958223.

Breneman CB, Kline CE, West DS, Sui X, Porter RR, Bowyer KP, et al. The effect of moderate-intensity
exercise on nightly variability in objectively measured sleep parameters among older women. Behav
Sleep Med. 2017:1-11. https://doi.org/10.1080/15402002.2017.1395337 PMID: 290534 10; PubMed
Central PMCID: PMC6157002.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218635 September 17,2019 16/19

94



@ PLOS |ONE

Sleep and nocturnal heart rate variability individual profiles in elite female soccer

25.

26.

27.

28.

29,

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Fullagar HH, Skorski S, Duffield R, Hammes D, Coutts AJ, Meyer T. Sleep and athletic performance:
the effects of sleep loss on exercise performance, and physiological and cognitive responses to exer-
cise. Sports Med. 2015; 45(2):161-86. https://doi.org/10.1007/s40279-014-0260-0 PMID: 25315456.

Plews DJ, Laursen PB, Buchheit M. Day-to-Day Heart-Rate Variability Recordings in World-Champion
Rowers: Appreciating Unique Athlete Characteristics. Int J Sports Physiol Perform. 2017; 12(5):697—
703. https://doi.org/10.1123/ijspp.2016-0343 PMID: 27736257.

Achten J, Jeukendrup AE. Heart rate monitoring: applications and limitations. Sports Med. 2003; 33
(7):517-38. https://doi.org/10.2165/00007256-200333070-00004 PMID: 12762827.

Boullosa DA, Abreu L, Nakamura FY, Munoz VE, Dominguez E, Leicht AS. Cardiac autonomic adapta-
tions in elite Spanish soccer players during preseason. Int J Sports Physiol Perform. 2013; 8(4):400-9.
PMID: 23170746.

Brandenberger G, Buchheit M, Ehrhart J, Simon C, Piquard F. Is slow wave sleep an appropriate
recording condition for heart rate variability analysis? Auton Neurosci. 2005; 121(1-2):81-6. https://doi.
org/10.1016/j.autneu.2005.06.002 PMID: 16005265.

Pichot V, Roche F, Gaspoz JM, Enjolras F, Antoniadis A, Minini P, et al. Relation between heart rate
variability and training load in middle-distance runners. Med Sci Sports Exerc. 2000; 32(10):1729-36.
https://doi.org/10.1097/00005768-200010000-00011 PMID: 11039645.

Michael S, Jay O, Graham KS, Davis GM. Influence of exercise modality on cardiac parasympathetic
and sympathetic indices during post-exercise recovery. J Sci Med Sport. 2018; 21(10):1079-84. https://
doi.org/10.1016/j.jsams.2018.01.015 PMID: 29449080.

Costa JA, Brito J, Nakamura FY, Oliveira EM, Rebelo AN. Effects of Late-Night Training on "Slow-
Wave Sleep Episode" and Hour-by-Hour Derived Nocturnal Cardiac Autonomic Activity in Female Soc-
cer Players. Int J Sports Physiol Perform. 2018:1-26. https://doi.org/10.1123/ijspp.2017-0681 PMID:
29345542.

Al Haddad H, Laursen PB, Ahmaidi S, Buchheit M. Nocturnal heart rate variability following supramaxi-
mal intermittent exercise. Int J Sports Physiol Perform. 2009; 4(4):435—-47. PMID: 20029095.

Mann TN, Lamberts RP, Lambert MI. High responders and low responders: factors associated with indi-
vidual variation in response to standardized training. Sports Med. 2014; 44(8):1113-24. https://doi.org/
10.1007/s40279-014-0197-3 PMID: 24807838.

Halson SL. Monitoring training load to understand fatigue in athletes. Sports Med. 2014; 44 Suppl 2:
S$139-47. https://doi.org/10.1007/s40279-014-0253-z PMID: 25200666; PubMed Central PMCID:
PMC4213373.

Buchheit M. Monitoring training status with HR measures: do all roads lead to Rome? Front Physiol.
2014; 5:73. https://doi.org/10.3389/fphys.2014.00073 PMID: 24578692; PubMed Central PMCID:
PMC3936188.

de Freitas VH, Pereira LA, de Souza EA, Leicht AS, Bertollo M, Nakamura FY. Sensitivity of the Yo-Yo
Intermittent Recovery Test and cardiac autonomic responses to training in futsal players. Int J Sports
Physiol Perform. 2015; 10(5):553-8. https://doi.org/10.1123/ijspp.2014-0365 PMID: 25405584.

Nakamura FY, Antunes P, Nunes C, Costa JA, Esco MR, Travassos B. Heart Rate Variability Changes
From Traditional vs. Ultra—Short-Term Recordings in Relation to Preseason Training Load and Perfor-
mance in Futsal Players. J Strength Cond Res. 2018;XX(X)(000-000).

Flatt AA, Esco MR. Smartphone-Derived Heart-Rate Variability and Training Load in a Women'’s Soccer
Team. Int J Sports Physiol Perform. 2015; 10(8):994—1000. https://doi.org/10.1123/ijspp.2014-0556
PMID: 25756657.

Buchheit M, Mendez-Villanueva A, Quod MJ, Poulos N, Bourdon P. Determinants of the variability of
heart rate measures during a competitive period in young soccer players. Eur J Appl Physiol. 2010; 109
(5):869-78. https://doi.org/10.1007/s00421-010-1422-x PMID: 20229253.

Flatt AA, Esco MR. Evaluating Individual Training Adaptation With Smartphone-Derived Heart Rate
Variability in a Collegiate Female Soccer Team. J Strength Cond Res. 2016; 30(2):378-85. https://doi.
0rg/10.1519/JSC.0000000000001095 PMID: 26200192.

Nakamura FY, Pereira LA, Rabelo FN, Flatt AA, Esco MR, Bertollo M, et al. Monitoring weekly heart
rate variability in futsal players during the preseason: the importance of maintaining high vagal activity.
J Sports Sci. 2016; 34(24):2262-8. https://doi.org/10.1080/02640414.2016.1186282 PMID: 27214584.
Juliff LE, Halson SL, Hebert JJ, Forsyth PL, Peiffer JJ. Longer Sleep Durations Are Positively Associ-
ated With Finishing Place During a National Multiday Netball Competition. J Strength Cond Res. 2018;
32(1):189-94. https://doi.org/10.1519/JSC.0000000000001793 PMID: 28135218.

Beato M, Coratella G, Stiff A, lacono AD. The Validity and Between-Unit Variability of GNSS Units
(STATSports Apex 10 and 18 Hz) for Measuring Distance and Peak Speed in Team Sports. Front

PLOS ONE | https://doi.org/10.1371/journal.pone.0218635 September 17,2019 17/19

95



@ PLOS |ONE

Sleep and nocturnal heart rate variability individual profiles in elite female soccer

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Physiol. 2018; 9:1288. https://doi.org/10.3389/fphys.2018.01288 PMID: 30298015; PubMed Central
PMCID: PMC6161633.

Gaudino P, laia FM, Alberti G, Hawkins RD, Strudwick AJ, Gregson W. Systematic bias between run-
ning speed and metabolic power data in elite soccer players: influence of drill type. Int J Sports Med.
2014; 35(6):489-93. https://doi.org/10.1055/s-0033-1355418 PMID: 24165959.

Scott D, Lovell R. Individualisation of speed thresholds does not enhance the dose-response determi-
nation in football training. J Sports Sci. 2018; 36(13):1523-32. https://doi.org/10.1080/02640414.2017.
1398894 PMID: 29099673.

Foster C, Florhaug JA, Franklin J, Gottschall L, Hrovatin LA, Parker S, et al. A new approach to monitor-
ing exercise training. J Strength Cond Res. 2001; 15(1):109—15. PMID: 11708692.

Alsaadi SM, McAuley JH, Hush JM, Bartlett DJ, McKeough ZM, Grunstein RR, et al. Assessing sleep
disturbance in low back pain: the validity of portable instruments. PLoS One. 2014; 9(4):€95824. https://
doi.org/10.1371/journal.pone.0095824 PMID: 24763506; PubMed Central PMCID: PMC3998977.

Sadeh A, Sharkey KM, Carskadon MA. Activity-based sleep-wake identification: an empirical test of
methodological issues. Sleep. 1994; 17(3):201—7. https://doi.org/10.1093/sleep/17.3.201 PMID:
7939118.

Parak J, Korhonen |. Accuracy of Firstbeat BodyGuard 2 beat-to-beat heart rate monitor. https://www.
firstbeat.com/app/uploads/2015/10/white_paper_bodyguard2_final.pdf. Accessed May 8, 2017. 2015.

TaskForce. Heart rate variability: standards of measurement, physiological interpretation and clinical
use. Task Force of the European Society of Cardiology and the North American Society of Pacing and
Electrophysiology. Circulation. 1996; 93(5):1043—-65. PMID: 8598068.

Mourot L, Bouhaddi M, Perrey S, Cappelle S, Henriet MT, Wolf JP, et al. Decrease in heart rate variabil-
ity with overtraining: assessment by the Poincare plot analysis. Clin Physiol Funct Imaging. 2004; 24
(1):10-8. PMID: 14717743.

Akaike H. A new look at the statistical model identification. IEEE Transactions on Automatic Control.
1974; 19:716-23.

Bland JM, Altman DG. Calculating correlation coefficients with repeated observations: Part 1—Correla-
tion within subjects. BMJ. 1995; 310(6977):446. https://doi.org/10.1136/bmj.310.6977.446 PMID:
7873953; PubMed Central PMCID: PMC2548822.

Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for studies in sports medicine
and exercise science. Med Sci Sports Exerc. 2009; 41(1):3-13. https://doi.org/10.1249/MSS.
0b013e31818ch278 PMID: 19092709.

Fullagar HH, Skorski S, Duffield R, Julian R, Bartlett J, Meyer T. Impaired sleep and recovery after night
matches in elite football players. J Sports Sci. 2016; 34(14):1333-9. https://doi.org/10.1080/02640414.
2015.1135249 PMID: 26750446.

Nédélec M, Dawson B, Dupont G. Influence of night soccer matches on sleep in elite players. J Strength
Cond Res. 2018;(XX(X)):000-.

Fullagar H, Skorski S, Duffield R, Meyer T. The effect of an acute sleep hygiene strategy following a
late-night soccer match on recovery of players. Chronobiol Int. 2016; 33(5):490-505. https://doi.org/10.
3109/07420528.2016.1149190 PMID: 27031035.

Sargent C, Roach GD. Sleep duration is reduced in elite athletes following night-time competition.
Chronobiol Int. 2016; 33(6):667—70. hitps://doi.org/10.3109/07420528.2016.1167715 PMID:
27097227.

Vuori |, Urponen H, Hasan J, Partinen M. Epidemiology of exercise effects on sleep. Acta Physiol
Scand Suppl. 1988; 574:3—-7. PMID: 3245463.

Sargent C, Halson S, Roach GD. Sleep or swim? Early-morning training severely restricts the amount
of sleep obtained by elite swimmers. Eur J Sport Sci. 2014; 14 Suppl 1:S310-5. https://doi.org/10.
1080/17461391.2012.696711 PMID: 24444223.

Van Dongen HP, Maislin G, Mullington JM, Dinges DF. The cumulative cost of additional wakefulness:
dose-response effects on neurobehavioral functions and sleep physiology from chronic sleep restriction
and total sleep deprivation. Sleep. 2003; 26(2):117-26. https://doi.org/10.1093/sleep/26.2.117 PMID:
12683469.

Kolling S, Duffield R, Erlacher D, Venter R, Halson SL. Sleep-related Issues for Recovery and Perfor-
mance in Athletes. Int J Sports Physiol Perform. 2018:1-17. https://doi.org/10.1123/ijspp.2017-0746
PMID: 29651858.

Simpson NS, Gibbs EL, Matheson GO. Optimizing sleep to maximize performance: implications and
recommendations for elite athletes. Scand J Med Sci Sports. 2017; 27(3):266—74. https://doi.org/10.
1111/sms.12703 PMID: 27367265.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218635 September 17,2019 18/19

96



®PLOS|ONE

Sleep and nocturnal heart rate variability individual profiles in elite female soccer

65.

66.

67.

68.

69.

Milner CE, Cote KA. Benefits of napping in healthy adults: impact of nap length, time of day, age, and
experience with napping. J Sleep Res. 2009; 18(2):272-81. https://doi.org/10.1111/j.1365-2869.2008.
00718.x PMID: 19645971.

Esco MR, Snarr RL, Flatt A, Leatherwood M, Whittaker A. Tracking changes in maximal oxygen con-
sumption with the heart rate index in female collegiate soccer players. J Hum Kinet. 2014; 42:103-11.
https://doi.org/10.2478/hukin-2014-0065 PMID: 25414744; PubMed Central PMCID: PMC4234749.

Flatt AA, Esco MR, Nakamura FY, Plews DJ. Interpreting daily heart rate variability changes in colle-
giate female soccer players. J Sports Med Phys Fitness. 2017; 57(6):907-15. https://doi.org/10.23736/
S0022-4707.16.06322-2 PMID: 26997322.

Flatt AA, Hornikel B, Esco MR. Heart rate variability and psychometric responses to overload and taper-
ing in collegiate sprint-swimmers. J Sci Med Sport. 2017; 20(6):606—10. https://doi.org/10.1016/j.jsams.
2016.10.017 PMID: 27890479.

Flatt AA, Esco MR, Nakamura FY. Individual Heart Rate Variability Responses to Preseason Training in
High Level Female Soccer Players. J Strength Cond Res. 2017; 31(2):531-8. https://doi.org/10.1519/
JSC.0000000000001482 PMID: 27227794.

70. Bellenger CR, Karavirta L, Thomson RL, Robertson EY, Davison K, Buckley JD. Contextualizing Para-
sympathetic Hyperactivity in Functionally Overreached Athletes With Perceptions of Training Toler-
ance. Int J Sports Physiol Perform. 2016; 11(7):685-92. https://doi.org/10.1123/ijspp.2015-0495 PMID:
26640275.

71. Watson AM. Sleep and Athletic Performance. Curr Sports Med Rep. 2017; 16(6):413-8. https://doi.org/
10.1249/JSR.0000000000000418 PMID: 29135639.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218635 September 17,2019 19/19

97






Study 5

This is an accepted manuscript, reproduced by permission of Wolters Kluwer
Health, Inc in the Journal of Strength and Conditioning Research 2019, available
online:https://journals.lww.com/nsca-
jscr/Abstract/publishahead/Using_the Rating_of Perceived_Exertion_and_Hea
He.94645.aspx

- Participation in the scientific meeting with oral communication presentation in

15° Congresso Nacional de Medicina Desportiva 2019. Portiméo, Portugal.

99






I Original Research J(‘)hlclrnal of Strength and Conditioning Research”

Using the Rating of Perceived Exertion and Heart
Rate to Quantify Training Intensity in Female Soccer
Players: Validity and Utility

Julio A. Costa,'? Joao Brito,? Fabio Y. Nakamura,® Pedro Figueiredo,>* and Anténio Rebelo’

TCenter of Research, Education, Innovation and Intervention in Sport, Faculty of Sport, University of Porto, Porto, Portugal; Portugal
Football School, Portuguese Football Federation, Health and Performance Unit, Qeiras, Portugal; 3Associate Graduate Program in
Physical Education UPE/UFPB, Jodo Pessoa, Paraiba, Brazil; and “Research Center in Sports Sciences, Health Sciences and Human
Development, CIDESD, University Institute of Maia, ISMAI, Maia, Portugal

Abstract

Costa, JA, Brito, J, Nakamura, FY, Figueiredo, P, and Rebelo, A. Using the rating of perceived exertion and heart rate to quantify
training intensity in female soccer players: validity and utility. J Strength Cond Res XX(X): 000-000, 2019—The aims of this study
were as follows: (a) to analyze associations between session rating of perceived exertion (SRPE) and training impulse (TRIMP); (b) to
verify whether significantly different ranges of percentage of heart rate peak (%HRpeak) would be reached in each discrete RPE
category; and (c) to investigate the amount of time spent >90% of HRpeak and associated intraplayer and interplayer variability
during soccer technical training sessions with similar contents and duration. This was a single-group observational study that
measured the internal training load during 6 weeks of the competitive period in 17 high-level female soccer players. All training
sessions started around 9 pPM. and lasted on average 94 = 5 minutes. During each training session, RPE, sRPE, TRIMP, HRex (%
HRpeak), and time spent at >90% of HRpeak were assessed. A very large correlation was found between sRPE and TRIMP (r =
0.78; 95% confidence interval: [0.74-0.82]). Significant differences were observed between %HRpeak associated with each RPE
value (i.e., RPE = 2 arbitrary unit [68%; 65—-69% of %HRpeak]; RPE 3 [72%; 69-75%]; RPE 4 [79%; 76-82%)]; RPE 5 [84; 81-87%];
x° = 73.34; df = 3; P < 0.001). Intraplayer and interplayer coefficients of variation for the time spent >90% of HRpeak (~8% of
training time, ~7 minutes per session) during training sessions were 73 and 92%, respectively. In conclusion, it was confirmed that
sRPE and TRIMP displayed good convergent validity, and different %HRpeak were observed for each discrete RPE. However,
because of the high variability in the time >90% of HRpeak, careful monitoring of individual exercises should be performed to ensure
the desired training stimulus for each player.

Key Words: training monitoring, internal load, physical training, team sports

impulse (TRIMP)—a heart rate—derived method to quantify the
internal training load (9). In soccer, studies have shown individual

Introduction

Although the neurophysiology underlying perception of effort
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during exercise is rather complex, it is becoming accepted that it
arises from the corollary discharge of the central motor com-
mand, which is processed by the sensory areas of the brain
(13,29). Rating of perceived exertion (RPE) is directly related to
exercise intensity (34), but factors such as peripheral muscle fa-
tigue (30) and mental fatigue (31) can influence its magnitude and
affect exercise tolerance and performance. In this context, dif-
ferential RPE—separate scores for breathlessness, leg muscle ex-
ertion, and technical/cognitive exertion, may be a viable
alternative for the measurement of internal loads, as recently
shown (6). In practice, RPE is an easy, low-cost way to quantify
task intensity as it relies solely on a valid rating scale (8). For this
reason, the RPE is widely used across several sports settings.
Session RPE (sRPE) is the product of RPE for the entire training
session (usually taken 15-30 minutes after its completion (40))
and its respective duration (15). The literature contains wide
support for the construct validity of sRPE (11,22,24,25,36). For
instance, sRPE is largely to very largely correlated with training

Address correspondence to Julio A. Costa, jahdc@hotmail.
Journal of Strength and Conditioning Research 00(00)/1-6
© 2019 National Strength and Condiitioning Association

correlations (sRPE vs. TRIMP) ranging between 0.50 and 0.77 in
men and between 0.67 and 0.95 in women (22) when using the
Banister (5) equation to calculate TRIMP. Both sRPE and TRIMP
are heavily influenced by the duration of the training session.
Therefore, these correlations can be inflated by the fact that both
sRPE and TRIMP consider the same training volume in their
estimation.

It is imperative to note that previous studies relating sSRPE and
TRIMP have used Pearson’s product-moment correlations.
However, it is also important in longitudinal studies to quantify
intraindividual correlations following the most appropriate sta-
tistical approach which models the longitudinal data set as
a whole using the correct degrees of freedom. For instance, rather
than pooling all the data, or calculating correlations separately
for individual subjects, this approach quantifies the correlation,
and associated 95% confidence interval (95% CI), between
a covariate and outcome while taking into account the within-
subject nature of the study design (3,7,26). For example, in re-
search conducted by Kelly et al. (24), the authors found a high
within-subject correlation between sRPE and TRIMP for esti-
mating training load in elite male soccer players across a typical
in-season competitive phase. Accordingly, the authors suggested
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that sRPE is a simple and practical global indicator of individual
training load in elite-level soccer players and can reflect the in-
ternal training load stressors elicited on individual players. This
finding needs to be confirmed in other populations (e.g., female
soccer players).

Apart from the expected association between sRPE and
TRIMP, evidence suggests that the respective intensity indicators
(RPE and HR) might not be highly correlated (i.e., individual
analysis using Pearson’s 7) during typical high-intensity team
sport drills (27,42). However, one should test whether, at a group
level, different ranges of cardiovascular demands during training
can be demarcated by each numerical category of RPE using the
category ratio scale proposed by Borg (8). In other words, asso-
ciated with different integral RPE values, significantly different
values of HR should be found, even considering the in-
terindividual HR response variability (i.e., interquartile intervals)
within a squad of highly trained players. This knowledge may
help coaches in the use of RPE to provide an estimate of the
cardiovascular demand of a given training session.

Apart from allowing the calculation of TRIMP, HR monitor-
ing during soccer training sessions can also be used to predict
training adaptations. For instance, the time spent at intensities
>90% of HRpeak was largely correlated with changes in aerobic
fitness in male professional soccer players (12). It has been sug-
gested that 6-8% of total training time should be devoted to
around 90-95% of HRpeak to elicit cardiorespiratory changes
(12). Few studies have been conducted with female soccer players
reporting the amount of time spent at different ranges of HR (38).
Furthermore, a single study has shown that female players spent
more than 60% of the time during small-sided games (SSG) at HR
>85% of HRpeak (28). To the best of our knowledge, there are
no reports on the proportion of training time spent >90% of
HRpeak and its intraindividual and interindividual variability in
female soccer players, which is recommended to induce changes
in endurance (21). High levels of variability in the time spent
>90% of HRpeak demand attention from technical staff to better
prescribe appropriate training sessions to avoid insufficient or
excessive load to the players.

This study aimed to investigate the association (within-subject
correlation) between sRPE and TRIMP in high-level female soc-
cer players, using training sessions with similar contents
(i.e., technical training with ball involvement) and duration. We
also aimed to verify whether significantly different ranges of %
HRpeak would be reached in each RPE category; this comparison
would allow for testing of whether RPE (i.e., exercise intensity)
can discriminate different cardiovascular demands during soccer
drills even after disregarding training volume (i.e., duration). Fi-
nally, we also intended to investigate the amount of time spent
>90% of HRpeak and associated intraplayer and interplayer
variability during technical training sessions in female soccer.

Methods
Experimental Approach to the Problem

This was a single-group observational study that measured in-
ternal training load during 6 weeks of the competitive period in
high-level female soccer players. Eighteen training days were
analyzed in 17 players (goalkeepers were excluded). All training
sessions (Monday, Wednesday, and Friday) started around 9 p.m.
(21:10 = 00:21 hours; mean * SD) and lasted on average 94 = 5
minutes (range: 89-99 minutes), with competitive matches played
each Sunday (started around 3 pMm). The training sessions were
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planned by the coach, throughout the season, which consistently
primarily of warm-up and activation (whole-body workouts in-
volving power cleans and squats and the 11 + injury prevention
program (39)); technical training (i.e., skill development with ball
control and dribblings); and SSG (format 4 vs. 4 without goal-
keepers); scrim scrimmages (11 vs. 11 with goalkeepers)
(Table 1). It is important to highlight that training sessions pro-
posed by the coaching staff were very consistent across the days
during the observation period. It was a characteristic of the team,
but at the same time, it was also carefully planned (by the
coaching staff and the research team) with the intention to
maintain the duration of each section of the training session
during the study, to standardize the research observation.

Within-subject associations between sRPE and TRIMP and
comparisons between %HRpeak reached for each RPE category
were also performed. In addition, intraplayer and interplayer
variability values for the RPE, sRPE, TRIMP, %HRpeak, and
time spent at >90% of HRpeak were computed. During 5 weeks
before the study, the players were familiarized with the tools to be
used during the investigation to avoid disturbance of training
activities by extraneous equipment. All athletes attended 100% of
the training sessions during the observation period. All training
sessions were performed on an outdoor artificial turf pitch, which
was the usual training venue for the players. Ambient temperature
ranged between 18 and 20° C.

Subjects

Seventeen high-level female soccer players (4 central defenders, 6
midfielders, 3 fullbacks, and 4 attackers; mean * SD; age: 21.4 =
2.1 years; height: 163.3 = 5.9 cm; body mass: 57.7 = 5.7 kg)
competing in the first division of the Portuguese championship
participated in the study. The study design was carefully
explained to the athletes, and written informed consent was
obtained. The study followed the Declaration of Helsinki and was
approved by the ethics committee of the Faculty of Sports, Uni-
versity of Porto (CEFADE 03.2017). All subjects had the medical
approval to participate in the study and reported not to take any
medication during the study.

Procedures

One week before the commencement of data collection, the sub-
jects completed a Yo-Yo Intermittent Recovery Test Level 1 (Yo-
Yo IR1). The Yo-Yo IR1 is a high-intensity intermittent exercise
performance test, specially developed to evaluate game-specific
physical capacities of soccer players (4). The test consists of re-
peated 2 X 20-m runs (shuttles) back and forth between the start
and finish line at progressively increased speeds, controlled by
audio bleeps from a tape recorder. After each shuttle, the players
were instructed to jog/walk during 10 seconds over 5 m (active
recovery) in a space delimited between 2 cones. The aim of the test
was to perform as many shuttles as possible. When the player
failed twice to reach the finish line in time, the distance covered
and peak HR were recorded and used as the test result. Only 1
trial was allowed, but subjects were verbally motivated to give
their maximal effort. During the test, the subjects wore HR
monitors (Firstbeat Sports, Finland). The peak HR obtained by
the players during the Yo-Yo IR1 test (194 = 4 b'min~ ') was
confirmed through the age-predicted peak HR (195 = 3 b'min ')
as calculated from the 220-age equation (16).
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Typical weekly training program for the female soccer players.*

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Training wk Warm-up and activation~10’ Rest Warm-up and activation~10" Rest Warm-up and activation~10" Rest Match ~90"

Resting 1-2" Resting 1-2’ Resting 1-2’
TEC ~10’ TEC ~10’ TEC ~10’

Resting 1-2" Resting 1-2" Resting 1-2’
SSG ~20’ SSG ~20’ SSG ~20’

Resting 1-2" Resting 1-2’ Resting 1-2’
Scrim ~50" Scrim ~50" Scrim ~50"

*Warm-up and activation = whole-body workouts involving power cleans and squats; resting = period of hydration; TEC = technical training (.., skill development); SSG = small-sided games (format 4 vs.

4); scrim = scrimmages (11 vs. 11).

HR data during training sessions were recorded at 5-s intervals
by short-range radio telemetry (Firstbeat Sports, Jyvaskyld,
Finland). The monitors were attached to the subjects using an
adjustable elastic chest strap. Data were transferred to a computer
using the corporative software Firstbeat Sports Server version
4.7.3.1. HRpeak, which was considered as the highest value
reached during the Yo-Yo IR1, was used as a standard against
which to define the intensity zone at >90% HRpeak. The soft-
ware quantified the time spent at this intensity zone (>90%
HRpeak) during training sessions, and data were presented as the
percentage relative to the total training time. The software also
calculated the HRex, which was expressed in absolute values
(b-min ") and as the percentage relative to the individual HR peak
(%HRpeak) for the intensity zone as mentioned previously. The
HR recording was not interrupted during the breaks (e.g., tran-
sition between consecutive training sections) because the coach-
ing staff organized the training setting so that these breaks were
not longer than 1 minute.

Training impulse was calculated according to the Bannister
et al. (5) formula:

TRIMP = T X [(HRex — HRrest)/(HRpeak — HRrest)]
X 0_8661,67[(HRex — HRrest)/HRpeak — HRrest]

where T is the duration of the workout in minutes; HRex is the
average HR during exercise (b-min~'); HRrest, the average HR
during rest (b-min~ "), measured during 5 minutes of seated rest
(after 5 minutes of stabilization period in the same position (33))
before starting each training session in the study period (1),
HRpeak, determined as the highest value reached during the Yo-
Yo IR1 test, and e~2.718.

The RPE was obtained approximately 15-30 minutes after each
training session due to the coach’s preference and to the fact that
players were familiarized to indicate RPE using this timing. In fact,
the canonical procedures for sRPE assessment suggested to respect
a time delay of ~15-30 minutes after training to promote an un-
biased training intensity perception in athletes (40). The sRPE was
determined by multiplying the Borg CR-10 scale (8) modified by
Foster et al. (15) by the duration of the training session. Each player’s
sRPE was collected in private, to avoid the potential effects of peer
pressure or influence after each training session.

Statistical Analyses

Data are expressed as means = SD. Within-subject correlations
were calculated between the sSRPE and TRIMP (7). Rather than
pooling all the data or calculating correlations separately for in-
dividual subjects, this approach quantifies the correlation, and
associated 95% CI, between a covariate and outcome while

3

taking into account the within-subject nature of the study design.
This longitudinal modeling approach is based on the correct
number of degrees of freedom and is therefore associated with
higher statistical precision for individual players. Intraplayer and
interplayer variability for the RPE, sRPE, TRIMP, %HRpeak,
and time spent >90% of HRpeak for all training sessions were
analyzed using the coefficient of variation (CV). To interpret the
magnitude of correlation between the 2 variables (sRPE and
TRIMP), the following criteria were applied: (» < 0.1) trivial, (0.1
<r<0.3)small, (0.3 <r<0.5) moderate, (0.5 < r < 0.7) large,
(0.7 < r < 0.9) very large, (r > 0.9) almost perfect, and (r = 1)
perfect (41). For nonparametric data (i.e., %HRpeak for each
RPE category), comparisons were examined using a Friedman test
and Wilcoxon post hoc test.

Results

The performance of subjects in the Yo-Yo IR1 test was 904 +
239 m and the overall training load indices across the observed
sessions (lasting on average 94 = 5 minutes [range: 89-99
minutes]) were 139 * 12 b-min~' for HRex; sRPE: 338 = 107
AU; TRIMP: 211 *+ 81 AU; RPE: 3.2 (1.0) AU (median [inter-
quartile range]); % HRpeak: 73.1 (6.2) %, and relative time spent
>90% of HRpeak: 8.3 + 7.7% of total training time (~7 minutes
per session). Within-subject correlations between sRPE and
TRIMP are outlined in Figure 1, whereas comparisons between %
HRpeak reached for each RPE category are outlined in Figure 2.
Very large correlations were found between sRPE and TRIMP (r
=0.78; 95% CI: [0.74-0.82]; P < 0.001). Comparisons resulted
in significant differences in %HRpeak between each RPE nu-
merical category (i.e., RPE 2, easy [68%; 65-69% of %HRpeak];
RPE 3, moderate [72%; 69-75%]; RPE 4, somewhat hard [79%;
76-82%]; RPE 5, hard [84; 81-87%]; median and interquartile
intervals; x> = 73.34; df = 3; P < 0.001).

Intraplayer and interplayer coefficients of variation for the
RPE, sRPE, TRIMP, %HRpeak, and time spent >90% of
HRpeak for all training sessions are outlined in Table 2 Intra-
player and interplayer variability during training sessions for RPE
were 26.7 and 29.2%; sRPE: 31.2 and 31.7%; TRIMP: 31.5 and
38.5%; %HRpeak: 17.0 and 18.8%, and time spent at >90% of
HRpeak: 73.3 and 92.2%, respectively.

Discussion

The findings of this study support the convergent validity between
sRPE and TRIMP, using the appropriate within-subject correla-
tion to analyze longitudinal data from a female soccer team, as-
sociated with a higher statistical precision for individual players.
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Figure 1. Relationship between session rating of perceived exertion (SRPE) and
training impulse (TRIMP) during training sessions in female soccer players (r = 0.78;
P < 0.001). Dashed black lines represent the associated within-subject correlations

with 95% confidence interval (95% CI: [0.74-0.82]).

More importantly, different discrete values of RPE from the CR-
10 scale were associated with significantly different HR values,
suggesting that a rise of 1 point on the scale represents a mean-
ingful change in the objectively determined exercise intensity.
Furthermore, this study found that although female soccer play-
ers spent adequate time >90% of HRpeak (12) during training
sessions, there is great intraplayer and interplayer variability in
this response.

Mismanagement of training load in team sports increases the
risk of overreaching/injury when it is too high or the risk of
understimulation and loss of performance due to detraining when
itis too low. This is the main reason for finely monitoring internal
training load using valid and reliable methods on an individual
basis which can inform training prescription. The use of un-
obtrusive and cost-effective RPE scales across training and com-
petition settings—compared with microtechnology sensors such
as heart rate monitors—has been spreading in team sports.

901

804

%HR

704

60

5(]1’
0
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Figure 2. Comparisons between %HRpeak of each rating of
the perceived exertion (RPE) score during 18 training sessions
in female soccer players (black lines represent median and
interquartile intervals; gray dots represent all individual RPE
classifications for each RPE score); X2 =7334;df =2; P <
0.001. @Significantly different compared with %HRpeak of
RPE = 2 AU (easy); bsignificantly different compared with %
HRpeak of RPE = 3 AU (moderate); “significantly different
compared with %HRpeak of RPE = 4 AU (somewhat hard).

4

Therefore, it has become a common practice to validate sRPE as
a measure of internal training load by testing its correlation with
TRIMP and measures of external load (32). A previous study
assessing the association between sRPE and TRIMP in female
soccer players across different training modes (matches and
conditioning, speed, resistance and technical sessions) revealed
that in all the individual cases, the correlation was significant (r =
0.67-0.95) (1). This is comparable with the within-subject results
obtained in our study (17 players), which presented significant
correlations between sRPE and TRIMP (r = 0.78; 95% CI:
[0.74-0.82]; P < 0.001). Therefore, our results indicate that SRPE
is acceptably valid in players of a highly trained soccer squad and
also that measurement of HR can provide an additional objective
evaluation of internal load (22,38) as both metrics share “only”
~61% of the variance. In younger male soccer players, this shared
variance is lower (~50%) (22), possibly because of age and
training experience. It remains to be determined whether edu-
cating players to use perception of effort scales (e.g., anchoring of
lower and upper levels of effort) (20) or using finer graded scales
(i.e., CR100) (14) can help players to more accurately rate their
effort regarding their physiological responses. Furthermore, be-
cause sSRPE and TRIMP are highly and similarly correlated with
measures of external load in soccer (e.g., player load), they both
can arguably be used to quantify internal responses to a ses-
sion (11).

In addition, players seemed to demonstrate acceptable levels of
accuracy while reporting RPE because it was observed that within
the range of values obtained during the technical training ses-
sions, rising 1 point in the scale resulted in a significantly higher
HR (i.e., % HRpeak) value (RPE 2 [68%; 65-69%]; RPE 3 [72%;
69-75%; RPE 4 [79%; 76-82%; RPE 5 [84; 81-87%], median
and interquartile intervals of %HRpeak). In other words, the
level of precision of the scale (1 point) is associated with a specific
range of HR values. With this knowledge, coaches can estimate
the cardiovascular demands of a given soccer training session
using the RPE scale, which is costless to implement. Other studies
must determine whether these values can be generalized to other
samples of female athletes because it could help fitness trainers to
estimate the cardiovascular load of a given training session based
on the post-training RPE value. Furthermore, the necessity to
extend our findings in the range of RPE values >35 in this and
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Intraplayer and interplayer variability (coefficient of variation, CV%) for the rating of perceived exertion (RPE), session-RPE (sRPE),
training impulse (TRIMP), the average HR during exercise (HRex) as the percentage relative to the individual peak HR (%HRpeak) and for
the time spent >90% of HRpeak, during training sessions in female soccer players.*

RPE SRPE TRIMP %HRpeak >90% HRpeak
Intraindividual variability 26.7% 31.2% 31.5% 17.0% 73.4%
Interindividual variability 29.2% 31.7% 38.5% 18.8% 92.2%
Range 1-6 AU 112-656 AU 67-498 AU 59.4-87.7% 0.9-41.6%
Mean =+ SD or median (interquartile range) 3.2 (1.0) AU 338 = 107 AU 211 = 81 AU 73.1(6.2) % 84 +7.7%
95% Cl 3.2-35 326-350 202220 72.6-74.1 7.5-9.2

*Cl = confidence interval.

other populations of athletes is clear because we have only in-
cluded training sessions with RPE varying between 2 and 5. In this
sense, other training modes (e.g., high-intensity interval training,
repeated sprint training, extensive technical drills, etc) need to be
included in the observations.

According to Algroy et al. (2), RPE between 1 and 4 indicates
that the average training intensity is below the first ventilatory
threshold (VT1), the so-called zone 1. The median RPE of our
group was 3.2 (1.0) AU, which agrees with the relatively low
mean HRex during the training sessions (73.1 [6.2] % of
HRpeak). In fact, in the referred study, male professional soccer
players spent between 71 and 73% of their training time below
VT1. These values are probably explained due to the presence of
a warm-up, short breaks, and pauses for instruction from the
coach, besides a cool down phase, all of which contribute to
arelatively low intensity of training, especially when HR and RPE
refer to the entire session. In spite of this, our results also reveal
that, on average, female players spend ~8% of training time at
HR >90% of HRpeak (resulting in ~7 minutes per session). This
is within the recommendations in soccer to improve aerobic fit-
ness as Castagna et al. (12) have previously shown that achieving
7-8% of training time at HR >90% of HRpeak was capable of
significantly increasing aerobic fitness (lactate threshold and
maximal oxygen consumption) of elite male soccer players.
Training less was deemed to be insufficient to elicit such changes
according to a correlational analysis (12). However, it is impor-
tant to emphasize that time spent at HR >90% of HRpeak was
quite variable in intraplayers and interplayers. The respective CV
% values were 73.3 and 92.2%, and data had a minimum and
maximum of 0.94 and 41.6% of training time. These results
suggest that technical staff should be encouraged to monitor HR
during training sessions to better adjust training loads and strat-
egies to adequately stimulate the cardiorespiratory responses of
all players. A good strategy could be prescribing high-intensity
interval training using standard field tests to elicit known car-
diovascular responses (i.e., >90% of HRpeak) (10,21) to those
players accumulating a short time period >90% of HRpeak
during technical training, especially when the aim of the training
is to achieve high physiological strain together with skills acqui-
sition (19). In fact, in our sample, some players accumulated close
to 0 minutes at >90% of HRpeak in some training sessions. Lack
of high-intensity training can lead to detraining and impair
physical performance (23). It is important to note that the very-
high interplayer variability in the time spent >90% of HRpeak
can be heavily influenced by the respective playing positions due
to their different physical demands during match-play (17,35)
and training sessions (18).

This study has some limitations to be considered. Owing to the
initial purposes, we have selected a period in which training

5

sessions were relatively homogeneous in terms of intensity and
duration so that training contents (e.g., different SSG formats [1
vs. 1]) eliciting greater cardiorespiratory and perceptual demands
were not included. The findings need to be confirmed in higher
intensity training sessions (i.e., HR range for >5 RPE) encom-
passing other training modes (e.g., high-intensity interval training
or more extensive skill-based training). In addition, the eventual
effect of the residual fatigue (especially on Monday’s training
session) caused by playing the weekly match was not controlled
for in the current study as players had dissimilar participation
times (from 0 to 90 minutes), and this aspect can influence SRPE
and TRIMP (37). Therefore, we recognize it as an important
limitation of this study. Finally, we emphasize that because in-
dividual characteristics (e.g., aerobic fitness) can influence the
relationship between RPE and HR, our results cannot be gener-
alized to other samples of soccer players. Actually, we encourage
each team to develop its own ranges of HR corresponding to the
values of RPE to better estimate the internal training load using
the latter.

In conclusion, we confirmed in female soccer players the pre-
viously reported convergent validity of sRPE and TRIMP using
appropriate statistical analysis (24). Furthermore, knowledge of
the correspondence between discrete levels of RPE and the range
of HR variation within each RPE unit could help coaches to
monitor the cardiovascular load of training practices using the
subjective response. Finally, during technical training sessions,
soccer players present very high variability in the time spent
>90% of HRpeak, although, on average, they tend to reach ad-
equate relative values (6-8%) to improve (or maintain) their
aerobic fitness.

Practical Applications

The sRPE method has been proved to be a simple but effective
way to quantify the internal training load. In fact, the current
study confirms the high association between sRPE and HR-
based TRIMP, supporting the use of the former when HR
devices are not available to the team. Even in the absence of
HR recordings, our results provide the coaches with specific
ranges of %HRpeak expected to be reached in each RPE
category from 2 to 5 (in players with similar characteristics to
ours), encompassing easy to hard training sessions, in female
soccer players. However, although the sSRPE method may be
simple, valid, and reliable, the addition of HR monitoring may
aid in the interpretation of the internal load provided to the
players because the shared variance amounts to “only”
~61%. Moreover, monitoring the amount of high-intensity
work in the time spent above 90% of HRpeak could be
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Chapter IV

General discussion and conclusions






5. General discussion

5.1. Sleep and cardiac autonomic activity: the impact of training and
match schedule and load, and match location in female soccer

players

Sport training is characterized by the correct distribution of intensity (i.e.,
load), duration, and frequency of training stimuli (Clemente-Suarez et al., 2019).
The proper combination of training stimuli and recovery periods produces
physiological adaptations and increases sports performance (Clemente-Suarez
et al., 2019). Athletes use numerous methods and tools, such as nutrition and
ergogenic aids, compression garments, massage, or cryotherapy (Barnett, 2006)
in order to optimize the recovery phase, looking for performance improvement.
However, sleep is the most important method for recovery from daily load
(Myllymaki et al., 2011). Previous studies (Vitale et al., 2017) focused on the
relationship between exercise and sleep, suggesting that some factors affect
sleep quality and recovery, such as the chronotype of the athlete or the load or
time of the day of exercise practice. In our studies (2, 3, and 4), although players
accumulated, as a group, adequate sleep (= 7h), a decreased duration of sleep
was observed following night-training sessions (9 p.m.; studies 2 and 3) or an
evening match (7 p.m.; study 4). In fact, an important finding was the consistent
reduction in TST and a delay in sleep onset time following night-training sessions
compared to rest days (Studies 2 and 3). Juliff et al. (2015) showed that sleep
indices were likely dependent on the scheduling of practices of the particular
sport. Furthermore, Vitale et al. (2019) showed that sleep duration and quality
were lower during the night immediately following a night-match compared to
previous or subsequent nights, in both female and male athletes. In our study
with elite female soccer players (study 4), as a group, players accumulated
adequate sleep duration and presented good sleep quality on all training-days
and match days of the tournament. However, significantly decreased durations
of TST and SE were observed after evening matches compared with day matches
of the tournament. In fact, the impact of night matches (i.e., schedule time) on

subsequent sleep is well established (Fullagar et al., 2016b; Sargent & Roach,
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2016). For example, Sargent and Roach (2016) examined the sleep of elite
Australian football players on the night immediately following a day match or
following an evening match. During the night immediately after the evening
match, the players initiated sleep 2.5 hours later and obtained 2.1 hours less
sleep when compared to sleep immediately following the day match. In the
present study, following evening matches, female soccer players initiated sleep
much later compared to day matches, and obtained less sleep duration compared
to day matches. Our results suggest that late evening exercise (Studies 2, 3, and
4), occurring close to bedtime sleep, could impose a high risk of obstructing falling
asleep at night. Thus, an acceptable explanation for the results observed could
be the time scheduling of the training and matches. This may suggest the
potential value of sleep education strategies and interventions to promote
appropriate sleep and recovery, especially after night competitions. This could be
very relevant, since athletes are often unable to achieve recommended TST and
SE, with lower values on the night of competitions compared with the previous
night (Roberts et al., 2019). Of note, there is a sleep hygiene recommendation
that suggests not performing intensive exercise within the last 3 h before bedtime
(Myllymaki et al., 2011); however, this recommendation has not been adequately
experimentally tested, and several studies (Hauri, 1968; O'Connor et al., 1998;
Youngstedt et al., 1999) are not in accordance with this affirmation. This is
specifically interesting, since most Portuguese women’s soccer teams from the
15t and 2" divisions habitually train at very late hours (9 p.m.), close to bedtime
sleep, due to their daily life commitments (e.qg., job, university) which need to be
aligned with training schedules.

Accordingly, reduced sleep following different match-play scenarios (i.e.,
matches played away or at home) is also of concern for practitioners, given the
potential for compromised recovery (Skein et al., 2013). For instance, due to the
time needed to travel, sleep patterns after away-matches could be more affected
than after home-matches (Fowler et al., 2015). In fact, changing match contexts
can disrupt “normal” sleeping patterns of players (i.e., change of location, kick-off
time, and travel (Fullagar et al., 2016a)). In one longitudinal study of this thesis

(Study 3), female athletes presented delayed sleep onset time (+ 36 min) and
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increased sleep latency (+ 5 min) following away-matches compared to home-
matches. A possible explanation for these findings might be that players arrived
home later after away-matches. Additionally, it could be speculated that post-
match social activities (Nedelec et al., 2015a) had a greater influence after away-
matches than home-matches since players travelled back home together. Long
and international air travel could increase jet-lag symptoms and impair mood
state (Bonnar et al., 2018), and subsequently affect sleep (Nedelec et al., 2015a)
and HRV (Egan-Shuttler et al., 2018) indices in trained athletes. However, these
issues seem not to be solely related to travel distance per se (Carrico et al., 2017)
as the players in the current study did not have to travel by bus for more than 3
hours after away-matches.

Recent studies investigating the differences in sleep behaviours among
soccer players have identified several potential chronic and acute causes of sleep
disturbance (Vitale et al., 2017). One possible explanation for the findings
observed when comparing night exercise with day exercise and rest days could
be the athlete’s exposure to stadia bright light. Light exposure may have an
impact on sleep by extending sleep onset, reducing TST, and augmenting latency
(Nedelec et al., 2015a). Our studies (Studies 2 and 3) showed that athletes were
exposed to, approximately, > 1200 lux during night-training sessions. Factors
such as luminance levels, exposure duration, and timing and wavelength of light
have an important influence on the alerting response of humans, with bright
polychromatic light (= 1000 lux) being sufficient to elicit maximal alerting effects
(Cajochen, 2007).

Another possible explanation for the findings of the present thesis, i.e.
increased and significant differences found in HR when comparing night-training
sessions and official day matches with rest days (Studies 1, 2 and 3) could be
the complexity of physiological changes acutely induced by exercise (e.g.,
increase in thermogenic hormones and elevation of body temperature and HR
(Borsheim & Bahr, 2003)). Moreover, an effect of exercise on sleep disturbance
may be related to the delay in reactivation of parasympathetic activity following
exercise, leading to persistently high HR at bedtime, lasting for the first 3 (Study

1) or more sleeping hours (Studies 2 and 3). Previous studies concerning this
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topic have reported elevated HR during sleep after strenuous (Hauri, 1968) and
prolonged submaximal exercise (Mischler et al., 2003).

Despite overnight HR disturbances, no significant nocturnal HRV changes
were noticed during the night-training days compared with the non-training days
(i.e., rest days) in semi-professional female soccer players (Studies 1 and 2) and
during 9 consecutive days of an international tournament in elite female soccer
players (Study 4). These findings may indicate that the used HRV-derived
methods (i.e. “hour by hour” and/or SWSE) were not sensitive enough to detect
the overnight cardiac autonomic activity disturbances, in these specific
observational studies, in (elite) female soccer players. However, as the
implementation of both methods resulted in highly reliable INRMSSD measures
(Study 1), it can be put forth that overnight HRV could be sensitive (i.e., high-
internal responsiveness) to positive and negative changes due to training
sessions and matches. Alternatively, and more likely, it could also be suggested
that the amount of training load prescribed to the investigated semi-professional
soccer team (Studies 1 and 2) was not high enough to cause meaningful changes
in the cardiac sympathetic and parasympathetic activities. Notably, in both
referred studies (Studies 1 and 2), daily TRIMP ranging between ~73 and ~138
AU and s-RPE between ~193 and ~442 AU, respectively, was not high enough
to cause overnight changes in the sympathetic and parasympathetic systems.

In a study conducted by Impellizzeri et al. (2004) involving 19 young male
soccer players, the mean s-RPE during soccer-specific sessions ranged between
343 and 634 AU. Moreover, Milanez et al. (2014) reported that professional
female futsal players accumulated between 343 and 419 AU (s-RPE). However,
in that study, it was possible to observe (in a subsample) increased stress
symptoms (i.e., reduced salivary immunoglobulin A concentrations and increased
number of “worse than normal” responses to the Daily Analysis of Life Demands
for Athletes questionnaire) when the s-RPE passed ~500 AU per day. Therefore,
it can be hypothesized that high levels of training load (e.g., s-RPE > 600 AU),
which is typical during soccer matches in male and female soccer players
(Alexiou & Coutts, 2008; Impellizzeri et al., 2004), can substantially disturb
overnight HRV. Additionally, in the second study of this thesis (Study 2), night-
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training sessions associated with the lowest and highest TRIMP (Figure 2) did
not result in different vagally-mediated HRV throughout the sleep hours. The
current findings extend the previous results (Study 1) by showing that TRIMP
ranging between ~78 and ~111 AU in night soccer training sessions does not
affect overnight HRV compared to rest days. Nevertheless, this topic deserves
future studies. For the moment, in highly trained female soccer players, training
load in the range observed herein seems to not induce significant changes in
HRV during post-exercise night sleep. Supporting this notion, the perceived well-
being (as established by Hooper et al. (1995)) of the players from both studies
(Studies 1 and 2) did not significantly change across the training days, thus
indicating that the training load of the investigated studies was well tolerated by
the players.

In addition, no significant changes in nocturnal HRV were noticed across
9 days of an international tournament (independently of being day training, day
match, or evening match) in elite female soccer players (Study 4). Regarding the
training and match loads of the investigated female soccer team, it appears that
the s-RPE of training sessions and matches during the international tournament
were not high enough to cause overnight changes in the cardiac autonomic
system in this specific National team. Our study showed that, as a group, elite
female soccer players can tolerate up to ~3000 AU across 9 days or ~600 AU
per day of s-RPE during an international tournament, without presenting signs of
severe nocturnal cardiac autonomic perturbation. In addition, training and match
load parameters were not significantly correlated with HRV, indicating the
absence of a dose-response feature in this sample of elite players that could
suggest decreased tolerance to the higher loads experienced during the period
of observation. It is probable these players are more resilient to sustained high
levels of training and match load without presenting signs of severe nocturnal
cardiac autonomic perturbation when compared to our studies conducted with
semi-professional players (Studies 1 and 2). However, this needs to be further
investigated. Furthermore, in Study 4, players seemed to display lower
perturbation of nocturnal cardiac autonomic activity, as expressed by the
INRMSSD CV (Flatt et al., 2017a). Although the study comprised only 9 days of
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observation, it can be globally inferred that players were coping well with the
training sessions and matches. In fact, a reduced InRMSSD CV without a clear
decrease in the INnRMSSD, which occurred for most of these female soccer
players, may reflect the possibility of a high level of readiness to perform (Esco
et al., 2014) during the international tournament. This finding corroborates
previous studies assessing HRV in athletes during the day (Flatt et al., 2017c;
Nakamura et al., 2016).

Interestingly, in the third study (Study 3) the training load imposed on the
semi-professional female soccer players appeared to be enough to cause a
significant impact on HRV during SWSE. In fact, soccer practices significantly
decreased RMSSD and HF (Camm et al., 1996). Moreover, the training loads
measured in the night-training day and match day in the referred study were
higher (e.g. TRIMP ~193 AU for night-training sessions and ~302 AU for day
matches) compared to values detected in other studies (Studies 1 and 2), in
which the cardiac autonomic homeostasis of female soccer players was not
disturbed by night-training sessions with daily TRIMP ranging between ~73 and
~138 AU. Thus, it could be speculated that the training loads of training sessions
and matches imposed on the players in the Study 3 were high enough to promote
significant changes in vagal activity, expressed through the increase in HR during
sleep. However, this topic deserves future investigations to better elucidate the
relationship between training and/or match load and cardiac autonomic
disturbance during sleep. Nevertheless, it is suggested that training and match
loads in the ranges observed herein may induce significant changes in HRV
during post-exercise night sleep in high-level female soccer players.

Nevertheless, and considering the nature of this thesis was
observational/descriptive, we recognize as important limitations to mention here
on discussion section the lack of control of other variables that could also explain
sleep patterns and HRV results: such as the habitual training time-of-day of the
athletes and chronotype, as already mentioned on literature review (see section
1.4.1. Autonomic cardiac function and sleep patterns in soccer), hormonal

information (e.g., menstrual cycle) and food intake before bedtime.
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For instance, Julian et al. (2017) investigated the potential effects of
menstrual cycle phase on performance in soccer specific tests (Yo-Yo
Intermittent endurance test, counter movement jump and 3 x 30 m sprints). The
authors found a reduction in maximal endurance performance during the mid-
luteal phase of the menstrual cycle. However, the same effect was not observed
for jumping and sprint performance. Therefore, consideration of cycle phase
when monitoring a player's endurance capacity may be worthwhile.

Concerning food intake before bedtime, studies have suggested that
particular foods/diets are important for re-entrainment of the peripheral circadian
clock (Nedelec et al., 2015b). For example, a meal high in carbohydrate, but low
in protein may theoretically facilitate uptake of tryptophan and its conversion to
serotonin, inducing drowsiness and sleep; on the other hand, a meal high in
protein but low in carbohydrate might enhance tyrosine uptake and conversion to
epinephrine, increasing arousal levels (Leatherwood & Dragoo, 2013). Studies
investigating the effects of carbohydrate ingestion on indices of sleep duration
and quality are limited and provide contradictory results (Halson, 2014b).
However, to counteract the potential decreased rate of muscle glycogen
resynthesis among soccer players exposed to sleep deprivation (Skein et al.,
2011), a preventive strategy may be to ensure additional carbohydrate is
consumed in these circumstances (Burke et al., 2006). Furthermore, according
to Ranchordas et al. (2017), it is important to ensure that recovery strategies are
implemented every hour until sleep, encouraging more liquid based nutrient
sources (e.g. milkshakes, sport supplement drink) to offset any potential
gastrointestinal issues associated with the ingestion of solid foods before bedtime
in soccer players. No caffeinated drinks (e.g. coffee, cola) should be consumed
pre-sleep, but a snack containing casein (slow release protein) can be adopted
before bedtime (Ranchordas et al., 2017).

Unfortunately, due to time and technical constraints, information about
these variables, i.e. menstrual cycle and food intake before bedtime, was not
collected. Therefore, the mechanisms underlying sleep and HRV results

observed after exercise can only be speculated.
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5.2. Individual approach: recovery status and training and match load

monitoring in female soccer players

Everyday life experience overwhelmingly confirms that the magnitude of
response to regular exercise training differs within individuals. This intra-
individual variability of training efficacy is reflected in the concepts of talent or
trainability and translates to “subject-by-training interaction” in statistical terms
(Arbab-Zadeh et al., 2014; Chrzanowski-Smith et al., 2019). Moreover, this
phenomenon is not only observed with regard to physical performance but also
to virtually every physiological and health-related outcome measure (Bouchard &
Rankinen, 2001).

As already mentioned in chapter I, the majority of research available
examining the sleep of athletes, especially females, has typically averaged data
across several nights, providing a mean estimate of usual sleep (Costa et al.,
2018a; Costa et al., 2018b; Costa et al., 2018c; Lastella et al., 2015; Sargent et
al., 2014b).

In our studies, when analyzing the data as a group, players accumulated
adequate sleep duration (Watson et al., 2015) and presented good sleep quality
(Ohayon et al., 2017) after night-training sessions and/or day matches (Studies
2 and 3). Additionally, in study 4, when analysed as a group, players accumulated
adequate sleep duration and quality on all training days and day matches of the
tournament. However, when we looked more carefully at the results of our studies
(Studies 2 and 3), more specifically at the variability of sleep duration, we found
that some female soccer players slept less than recommended after night-training
sessions. The same situation occurs in our study conducted in elite female soccer
players (Study 4), where individual sleep analysis showed that some players slept
less than recommended during the tournament, especially after the evening
match. Furthermore, another interesting and notable finding of the mentioned
study (Study 4), was that six players (including one player who played all
matches; player 10) seemed to constantly “compensate” the low sleep duration

after participating in matches (independently of being day matches or evening
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match), by extending sleep duration on the next day, probably as a “self-sleep
hygiene” strategy.

In the same line, overnight changes in the cardiac autonomic system may
present different results depending on the type of analysis performed (individual
or as group), with high responders and low responders often getting lost in
averaged data reports (Mann et al., 2014). The INRMSSD CV has been assessed
in studies involving highly-trained athletes as a marker of variation in daily
assessed INRMSSD (Esco et al., 2014). In a recent study (Flatt et al., 2017b), the
authors suggested that a high diurnal InRMSSD CV (subject 3 CV=14 % and
subject 8 CV=12 %) was positively associated with perceived fatigue and
negatively associated with the physical fithess of female soccer players.
Moreover, another study found that diurnal InRMSSD CV measured in swimmers
can increase to values > 10 % during overload periods (Flatt et al., 2017c). In our
study 4, as a group, INRMSSD derived from the SWSE method displayed low
average CV (6 %). In fact, most of the INRMSSD values across all days of the
tournament were located within the smallest worthwhile change range (3 %)
(Buchheit, 2014). However, individually, two players (player 6 and 7) presented
higher InRMSSD CV (11.5 and 11.7 %; respectively) and a reduced average
INRMSSD (3.66 ms and 2.73 ms; respectively), contrasting with the remaining
players of the team. Thus, overnight HRV during the observed international
tournament was more susceptible to variations in these two players. Furthermore,
it could be speculated that higher InRMSSD CV associated with reduced average
INRMSSD during training and matches may be interpreted as a sign of overload
(Flatt et al., 2017b). Therefore, although no significant within-participant
correlation between INRMSSD and training and match load could be detected in
the current study, it is highly advisable that coaches closely examine individual
cases of players that may be suffering some detrimental effects during the
competition, in order to promote their recovery through sleep hygiene and other
means (Simpson et al., 2017).

The importance of monitoring recovery status in athletes is well known
and, consequently, monitoring and understanding individual training load is vital

to promote physical performance increase and reduce injury risk.
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Mismanagement of training load in team sports increases the risk of
overreaching/injury when it is too high and originates loss of performance or
detraining when it is too low. This is the main reason for finely monitoring internal
training load using valid and reliable methods on an individual basis which can
inform training prescription. The use of unobtrusive and cost-effective RPE scales
across training and competition settings - compared with microtechnology
sensors such as HR monitors - has been spreading in team sports. Therefore, it
has become common practice to validate s-RPE as a measure of internal training
load by testing its correlation with TRIMP and measures of external load
(McLaren et al., 2018). The findings of study 5 indicate that s-RPE is acceptably
valid for players of a highly-trained soccer squad, but also underline that
measurement of HR can provide an additional objective evaluation of internal
load (Impellizzeri et al., 2004; Scott & Lovell, 2018) as both metrics share ~61 %
of the variance. More importantly, different discrete values of RPE from the CR-
10 scale were associated with significantly different HR values, where a rise of
one point on the scale can represent a meaningful change in the objectively
determined exercise intensity. With this knowledge, coaches might estimate the
cardiovascular demands of a given soccer training session using the RPE scale,
which is a cost-free tool. However, further studies must determine whether these
values can be generalized to other samples of female athletes. Furthermore, it is
needed to extend our findings in the range of RPE values > 5, since we only
included training sessions with RPE varying between 2 and 5. In this sense, other
training modes (e.g., high-intensity interval training, repeated sprints training,
extensive technical drills, etc.) should be included in the observations. Finally,
although there was great intra- and inter-player response variability, this study
found that female soccer players spent adequate time > 90 % of HRpeak
(Castagna et al., 2013) during training sessions. On average, players spent ~8
% of training time at HR > 90 % of HRpeak (resulting in ~7 min per session). This
is within the recommendations to improve aerobic fithess (Castagna et al., 2013)
referring that, achieving 7—8 % of training time at HR > 90 % of HRpeak, players
can significantly increase aerobic fitness (lactate threshold and oxygen uptake).

These results suggest that technical staff should be encouraged to monitor HR
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during training sessions to better adjust training loads and strategies to
adequately stimulate the cardiorespiratory system of all players. A good strategy
could be prescribing high-intensity interval training using standard field tests to
elicit known cardiovascular responses (i.e., > 90 % of HRpeak) (Buchheit, 2008;
Impellizzeri et al., 2006) to those players accumulating a short time period > 90
% of HRpeak during technical training.

In summary, for understanding the athlete’s individual responses and to
optimize the scheduling of training and recovery strategies it is crucial a
comprehensive monitoring of his/her performance, fithess and fatigue status.
Moreover, an “individual approach” in athletes monitoring, could help in better
prescribe training contents and more adequately manage fatigue, as well as
recommend pertinent post-match recovery strategies, such as sleep hygiene

interventions.

6. Limitations

Given applied research nature of this thesis several limitations can be

pointed out:

e Polysomnographic measurements (typically includes an assessment of eye
movement, brain activity, HR, muscle activity, oxygen saturation, breathing
rate and body movement) were not used in the present thesis, and therefore
the impact of training and match load performed at different times of the day
and in different locations, as well as during an international tournament, on
sleep stages cannot be discussed,;

e Usually some questionnaires (e.g. diaries) and specific scales for sleep
investigation are used with actigraphy, with the intention of complementing
the information extracted from the actogram, especially when practitioners
intend to record napping times during the day. Unfortunately, technical
problems and/or player compliance resulted in several missing data points,

and for this reason we decided to remove this information from the studies;
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Although players had a period of familiarization with the devices used to avoid
training and match activities or sleep pattern being disturbed by the
equipment, some players reported some discomfort during the data collection.
Unfortunately, this type of constraints associated with data collection with HR
monitors and watches could not be avoided;

Despite having a relatively standardized ideal sleep amount of time (i.e., ~7—
9 h/day) for most of the population, many individuals have different needs for
hours of sleep per night (Grandner & Kripke, 2004). Individuals are classified
according to their duration of sleep as short or long sleepers (Aeschbach et
al., 1996; Aeschbach et al., 2003). Short sleepers may present good sleep
quality perception and recovery status with a few hours of sleep, while long
sleepers need nine or more hours of sleep to feel recovered or rested.
However, this characterization was not performed, which is recognized as an
important limitation of the current thesis;

Given Study 4 was conducted in a field setting (i.e., real-world scenario), there
were many uncontrolled factors that may have affected the athletes’ sleep,
other than match and or training scheduling and load (e.g., use of caffeine;
social media after lights out, electronic devices, level of light exposure during
daytime, twin rooms, temperature in rooms, and perceived stress/well-being).
In fact, additional measures (e.g., well-being ratings) are needed to
contextualize and better interpret changes in HRV (Bellenger et al., 2016; Flatt
etal., 2017b). Unfortunately, due to time and technical constraints, well-being,
fitness level, and information about perceived stress was not collected, and
we recognize this as an important limitation of the current study to better
understand the HRV values of each player during the tournament;

In Study 4, since there were missing data on some days, caution should be
taken when interpreting the CV values for sleep and HRV. Furthermore, this
study was limited by the fact that a “real baseline” was not assessed for
possible sleep and nocturnal HRV comparisons across the 9 days of the
tournament. Finally, while the s-RPE method may be simple, valid, and
reliable, in this study we did not use other types of internal training and match
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load monitoring (e.g., HR monitors), which could provide objective information
for interpretation of the physiological responses of players;

¢ In Study 5, an eventual effect of residual fatigue (especially on the first training
session of the week) caused by playing the weekly match was not controlled.
This is important since in this study players had dissimilar participation times
(from 0 to 90 min) and this aspect could influence s-RPE and TRIMP
(Rodriguez-Marroyo et al., 2012);

e Finally, we emphasize that since individual characteristics (e.g., aerobic
fitness) can influence the relationship between RPE and HR, our results

cannot be generalized to other samples of soccer players.

7. Conclusions

Based on the conclusions of each of the studies included in this

dissertation, the following major conclusions can be outlined:

e Late-night soccer training does not seem to affect SWSE or “hour-by-hour”
HRV indices in highly trained female soccer players, but elevates HR during
the first 3 sleeping hours compared with the non-training days, throughout a

1 week competitive in-season microcycle.

e The implementation of SWSE and “hour-by-hour” methods resulted in highly
reliable INRMSSD measures, suggesting that both methods could be used to
record overnight HRV in high-level female soccer players.

e Exercise training conducted at night (after 9 p.m.) may disturb sleep and
increase HR, whereas limited effects can be expected in overnight HRV of
high-level female soccer players, during 3 consecutive weeks of the

competitive in-season.

e The time of day for soccer practice and match location may cause disruption

in sleep patterns. Additionally, night-training and match days, compared to
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rest days, may affect nocturnal autonomic cardiac activity of high-level female

soccer players during 6 weeks of the competitive season.

High-level female soccer players engaged in soccer training late in the night
throughout 3 and/or 6 consecutive weeks of the competitive season,
displayed an average of > 7 hours of sleep per night. Given that 7 to 9 hours
of sleep per night might be required to avoid cumulative deficits in daytime

function, it is reasonable to suggest that recovery was not impaired.

During 9 days of an international tournament, some elite female soccer
players presented less sleep than recommended in some days of the
tournament. However, the highest number of athletes sleeping less than 7
hours was found after evening matches compared with the remaining days.
Nevertheless, all players displayed good sleep quality for each day of the
tournament. Additionally, most players seemed to present small fluctuations

in nocturnal cardiac autonomic activity.

Overall, elite female soccer players from a National team seemed to be highly
resilient to training and match loads during an international tournament.
Moreover, this study highlighted the substantial individual variability in sleep
and HRV measures, suggesting the adoption of an individual approach to
monitor sleep, training and match loads, and recovery, to better understand

how players cope with highly demanding competitions.

We confirmed the convergent validity of s-RPE and TRIMP and different %
HRypeak values observed for each discrete RPE using within-subjects statistical

approach.

Finally, during technical training sessions, soccer players presented very high
variability in the time spent > 90 % of HRpeak, although on average they tended
to reach adequate exercise intensity to improve or maintain their aerobic

fitness.
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8. Practical applications

The primary purpose of this thesis was to expand the current scientific

knowledge in female soccer, especially in areas related to autonomic cardiac

function and sleep patterns in different match and training scenarios. The

following practical applications should be considered by practitioners in the field:

The participants of studies 1, 2, 3 and 5 were mainly female collegiate athletes
who need to balance sports, academic study, and their daily life. Previous
studies have not focused on this kind of population, which needs special
consideration. Tracking sleep and recovery metrics over the course of a
competitive season may assist coaches and sports scientists in making
informed decisions regarding training and recovery in female collegiate
athletes.

Recent studies have reported ANS status to be an important factor governing
training response. This is because assessment of ANS function effectively
includes important information concerning acute and chronic physiological
processes that occur before, during, and after exercise training. Our results
confirm that nocturnal HRV monitoring can be used as a simple non-invasive
tool to evaluate, at an individual level, the impact of training and match load
performed at different times of the day and in different locations, as well as
during international tournaments. This information might be of interest to
practitioner’s intent on monitoring the response to specific training
prescriptions.

Recovery status measurements (i.e., sleep patterns and nocturnal HRV) can
also be collected on rest days in case of injury or illness and can further be
used to modify individual training and recovery plans before the first daily
session.

During congested competitive periods, soccer players follow strict match and
training schedules that can reduce sleep duration, impairing the recovery
process, especially when training sessions and/or matches are performed

close to bedtime sleep. This fact is relevant, since according to our studies, in
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Portugal female soccer players habitually train at very late hours (9 p.m.),
close to bedtime sleep, due to their daily life commitments (e.g., job,
university) which need to be aligned with training schedules. Thus, it is
suggested that athletes and coaches organize the training program not only
according to match schedules, but also aiming to improve sleep routines for
optimal recovery.

Together, actigraphic variables and HRV indices provide more complete
information on sleep patterns and cardiac autonomic function that elucidates
about athlete recovery state. Moreover, both indices can be used to improve
the quality of monitoring training and match load, are easily assessed at the
training and/or match facilities and at the athletes’ own homes, and can be
implemented in a team’s daily routine, in a real-world scenario.

The substantial individual variability in sleep and HRV suggests the adoption
of an individual approach to sleep (e.g., sleep hygiene), load monitoring, and
recovery interventions in team sports. In fact, the competition scenario of
successive matches often results in squad rotation between matches.
However, some players will often be required to play in multiple matches. In
these scenarios, individualised recovery and monitoring techniques may be
required to ensure that all players are in peak condition for each match.

The s-RPE method has been proven to be a simple and effective way to
guantify the internal training load. In fact, there is a high association between
s-RPE and HR-based TRIMP, supporting the use of the former when HR
devices are not available to the team.

Even in the absence of HR recordings, our results provide coaches with
specific ranges of % HRpeak €xpected to be reached in each RPE category
from 2-5 (in players with similar characteristics to ours), encompassing easy
to hard training sessions for female soccer players.

Monitoring the amount of high-intensity work in the time spent above 90 % of
HRpeak could be important for coaches and technical staff to better adjust
training load (i.e., adapt and manipulate exercises) and adequately stimulate

cardiorespiratory adaptations of all players.
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Together, perceptual and objective (HR) methods provide more complete
information for quantifying internal training load of athletes and can be used
to improve the quality of training load monitoring.

Future research

The findings of the current thesis have also highlighted several

considerations for future research:

Sleep patterns and (nocturnal) HRV should be examined in combination
rather than isolation, especially when training sessions and matches are close
to bedtime. Even though sleep has been shown to be influenced by athlete
training status, the association with resting (i.e., nocturnal) HR and HRV
remains unclear in female soccer players. Moreover, it is suggested to
investigate the association (e.g. correlations) between recovery status
variables (i.e., sleep pattern and nocturnal HRV) with internal and external
load, to better understand fatigue and recovery in (female) soccer players.
Most athletes that participated in the studies included in this thesis were
collegiate athletes (Studies 1, 2, 3, and 5). Improving sleep in collegiate
athletes has significant implications for health, athletic performance, and
academic achievement. However, athletes frequently fail to obtain restorative
sleep. Factors related to their academic pursuits, training, and competition
can alter sleep patterns. Therefore, topics such as: 1) sleep patterns and
disorders among collegiate athletes; 2) sleep and optimal functioning among
athletes; 3) screening, tracking, and assessment of athletes’ sleep; and 4)
interventions (i.e. sleep hygiene) to improve sleep, must be further
investigated.

Future research with female athletes should examine the sleep patterns and
(nocturnal) HRV in combination with other variables (e.g., menstrual cycle).
This will strengthen the approach, by identifying sleep and HRV disturbing

factors in overloading periods.
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Given the relationship between exercise duration and the corresponding load,
analysis of sleep patterns and HRV responses relative to playing time should
be performed in future studies.

All studies from this thesis were observational/descriptive. Therefore, it could
be important that future research examined different sleep hygiene
interventions (e.g., happing) in combination with performance variables in
(elite) female soccer players, especially when training sessions and matches
are close to bedtime sleep.

Integration of tactical and technical metrics with recovery status data appears
important to identify changes in performance in soccer. As sport scientists, we
may tend to focus on the physical and physiological aspects of sport, however,
true soccer performance needs to be considered as a construct. A coach may
be interested in the change in technical or tactical aspects which, in their view,
may have a greater impact on match outcome than physical and physiological
components.

Due to the initial purposes of study 5, the necessity to extend our findings in
the range of RPE values > 5 in this and other populations of athletes is needed
(since we only included training sessions with RPEs varying between 2 and
5). In this sense, other training modes (e.g., high-intensity interval training,
repeated sprints training, extensive technical drills, etc.) need to be included
in the observations. Moreover, we selected a period in which training sessions
were relatively homogeneous in terms of intensity and duration, so training
contents eliciting greater cardiorespiratory and perceptual demands (e.g.,

different SSG formats [1 vs. 1]) should be included in future research.
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E Tempo de Acordar:
Monitorizacao do Sono em
Atletas Femininas

Dr. Julio Costa
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Intervencao em Desporto,
Universidade do Porto, Faculdade
de Desporto. Portugal Football
School, Federacao Portuguesa
de Futebol, Oeiras, Portugal

Introducao

Ao longo dos ultimos anos, o futebol
feminino tem ganho uma enorme
popularidade. Consequentemente,
o numero de competicdes interna-
cionais, de ligas desportivas profis-
sionais e recreativas para atletas
do sexo feminino de varias faixas
etarias, tem aumentado de forma
significativa. Isto proporcionou
novas oportunidades para treinar e
competir.

Apesar da crescente popularidade
e profissionalizagéo os estudos cien-
tificos com atletas do sexo feminino
é ainda limitado em comparagao
com atletas do sexo masculino,
especialmente em areas relaciona-
das como a otimizag¢do do desempe-
nho e métodos de recuperacao, em
diferentes cendrios de competicao e
treino. Este assunto torna-se ainda
mais relevante, dado que em alguns
paises as atletas (profissionais e nao-
-profissionais) usualmente iniciam
os treinos muito tarde, perto da hora
de dormir, devido aos seus compro-
missos diarios (ex. trabalho e/ou
universidade) que tém que ser conci-
liados com os horéarios de treino e de
jogo.'* Assim, é necessario investi-
gar métodos que sejam sensiveis e
nao invasivos para monitorizar os
padroes de sono em atletas, a fim
de promover uma melhor higiene
do sono e, consequentemente, uma
melhor recuperagao.*

Sono e atletas de futebol feminino

O sono é reconhecido como um
componente fundamental para
o0 bem-estar e desempenho dos
atletas, particularmente durante o

periodo competitivo (época despor-
tiva).® No futebol feminino, as atletas
estdo constantemente expostas a
programas de treino e jogos muito
congestionados, principalmente com
sessoOes de treino proximos da hora
de deitar??, que podem reduzir o
tempo total do sono® e prejudicar os
processos de recuperacao.’

Um dos aspetos fundamentais
para a recuperacao do atleta é obter
suficiente quantidade e qualidade de
sono.? De facto, atletas e treinadores
de varias modalidades desportivas,
incluindo futebol, selecionaram o
sono como a estratégia mais impor-
tante de recuperacéo do atleta.’ Um
minimo de 7-9 horas do tempo total
de sono e eficiéncia do sono (ou
seja, percentagem do tempo total do
sono) >85% por noite é geralmente
recomendado para promover uma
melhor satide e fungao cognitiva
em adultos com idades ente os 18
a 60 anos.'*'* Embora ainda nao
exista um consenso relativamente a
quantidade do sono que um atleta
deva obter para manter um 6timo
desempenho??, os atletas que dor-
mem menos de 7 horas por noite
podem ter maior probabilidade obter
lesgo.®*?

Estudos anteriores®*'* analisaram
a relagao entre o exercicio e o sono,
sugerindo que alguns fatores podem
afetar o sono e a recuperacao, tais
como o crondtipo (ritmo circadiano
de um individuo) do atleta, ou a
carga e/ou a hora do dia da préatica
do exercicio fisico. Em alguns dos
nossos estudos®®, embora as joga-
doras tenham acumulado sono
adequado (>7h), foi possivel observar
diminuicdo na duragdo do sono apds
sessoOes de treino realizados a noite
(21h00)** ou apds jogos realizados a
noite (19h00; resultados ndo publica-
dos). De facto, foi observada reducéo
consistente no tempo total de sono
e atraso no tempo de laténcia do
sono (ou seja, tempo que demorou
a adormecer) apds sessdes de treino
realizados a noite em comparagao
com os dias de repouso.??® Estes
resultados estdo de acordo com

outros estudos, onde se observou
que os jogadores em dias de jogos
concluidos antes das 18h00 apresen-
taram sono adequado,*®'* ao con-
trario dos dias de jogo e sessdes de
treino realizados apdés as 18h00, em
gue o tempo total de sono se reduziu
significativamente.>**

Vitale et al. (2018) observaram que
a quantidade e a qualidade do sono
foram menores durante a noite
imediatamente apds o jogo reali-
zado a noite, em comparag¢do com
as noites anteriores ou posteriores,
tanto em atletas do sexo feminino,
como do sexo masculino. No nosso
estudo com a Selecédo Nacional Por-
tuguesa feminina, (resultados nao
publicados), durante os nove dias do
torneio internacional (Algarve Cup
2018), enquanto grupo, as jogadoras
apresentaram valores adequados na
quantidade e qualidade do sono em
todos os dias de treino e jogos. No
entanto, verificou-se reducao signi-
ficativa do tempo total do sono e da
eficiéncia do sono apés o jogo reali-
zado a noite (19h00) em comparagao
com os restantes jogos realizados
durante o dia (15h00). Desta forma,
0s nossos resultados sugerem que
o exercicio realizado perto da hora
de deitar??, podem colocar dificulda-
des no tempo para adormecer. Uma
explicacao para os resultados obser-
vados podera ser a extensao da hora
de deitar provocada pelo horario/
programacao das sessoes de treino
e/ou jogos.'**® Assim, € importante
aplicar estratégias para promover
sono e recuperacao adequados,
especialmente apds as competices
que sao realizadas a noite, e educar
os atletas sobre o assunto.?

Adicionalmente, a reducao do
tempo total do sono apés diferentes
cenarios de jogos (ou seja, jogos joga-
dos em casa ou fora) deve ser uma
preocupagao, ja que a recuperagao
apds o jogo podera ficar comprome-
tida.*® Devido ao tempo necessario
para viajar, os padroes de sono apés
os jogos fora podem ser mais afe-
tados do que os jogos realizados
em casa.?® Assim, as alteracdes nos
contextos dos jogos, podem alterar os
padrdes “normal” de sono dos jogado-
res (ou seja, alteracéo da localizagédo,
hora do inicio do jogo, e viajem).®

Num estudo? realizado em jogado-
ras da primeira divisdo do campeo-
nato nacional Portugués, as atletas
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apresentaram horas de deitar mais
tarde (+36 min) e laténcias mais
elevadas (+5min) apds os jogos fora
em comparagao em comparagao
com os jogos em casa. O facto de as
atletas terem chegado mais tarde
as suas casas apos os jogos fora e
a influéncia das atividades sociais
apds os jogos fora?!, uma vez que
as atletas tiveram que viajar juntas
de regresso para casa, podem justi-
ficar os resultados obtidos. Longas
viagens aéreas (ex. intercontinen-
tais), podem aumentar os sintomas
de jet-lag e prejudicar o estado de
humor?? e posteriormente afetar
os indices de sono em atletas.?* No
entanto, estas questoes nao parecem
estar relacionadas unicamente com
a distancia percorrida per se??, dado
que as jogadoras nao tiveram que
viajar (autocarro) durante mais que
trés horas apds os jogos fora.?
Sabe-se ainda que a exposicao a
luz pode ter um impacto negativo no
sono, estendendo o inicio do sono,
reduzindo o tempo total de sono e
aumentando a laténcia.?* Uma pos-
sivel explicacdo para os resultados
observados nos nossos estudos,??
ou seja, a reducédo no tempo total
do sono e extensao do tempo para
adormecer, quando comparando o
exercicio realizado a noite com os
exercicios realizados durante o dia
ou com os dias de repouso, podera
ter sido a exposicdo do atleta a luz
emitida no estadio. Durante os dias
de treino as atletas foram expostas
a >1200 lux e 5600K, com a luz poli-
cromatica brilhante >1000 lux, sendo
suficiente para estimular efeitos de
alerta/vigilancia durante o sono.*

Monitorizacao do sono em atletas

Para detetar e controlar os disturbios
do sono é importante monitorizar os
héabitos de sono e as percec¢des sobre
0 sono, através de medidas subjeti-
vas e/ou objetivas.?® No entanto, as
necessidades do sono em atletas
permanecem desconhecidas, dado
que a monitorizagdo neste tipo de
populacdo ndo é muito comum.?®

O equipamento recomendado para
monitorizar o sono € a polisso-
nografia, que recorre ao uso de
elétrodos superficiais para moni-
torizar os parametros fisiolégicos,
como atividade cerebral, muscular,

30 setembro 2019 www.revdesportiva.pt

cardiaca e respiratéria.?” A polis-
sonografia é particularmente util
para investigar patologias do sono,
incluindo distirbios respiratérios do
sono? e disturbios do sono causa-
dos por concussoées.? No entanto,

a polissonografia é dispendiosa e
requer equipamentos de labora-
tério especializados, sendo pouco
pratico a sua utilizacdo em atletas
no contexto real.*® A actigrafia, por
outro lado, usa acelerébmetros colo-
cados em dispositivos portateis para
registar movimentos que, analisados
através de algoritmos, estimam a
qualidade e a quantidade do sono.**
A actigrafia é menos dispendiosa, é
ndo invasiva e pode ser utilizada nas
rotinas de treino/jogos (geralmente
duas semanas de monitorizagio).*?
Assim, a actigrafia é o método mais
acessivel para monitorizar objetiva-
mente o sono dos atletas durante a
noite.*® Os “didrios do sono” sdo tam-
bém utilizados para registar a data/
hora de inicio e término para todos
os periodos de sono (ou seja, sono
noturno e sestas diarias).*?

Higiene do sono para atletas:
recomendacgoes

Os atletas devem utilizar uma boa
higiene do sono para maximizar o
sono. Algumas das estratégias para
um bom sono sdo:*3-°

e O quarto deve estar entre os
18-20°C, escuro e silencioso;

e Lvitar ver televisdo, utilizar os
tablets e telemodveis, pelo menos,
uma hora antes de ir dormir;

e Evitar café, alcool, e nicotina cerca
de 4-5h antes de ir dormir;

e Implementar estratégias de rela-
xamento 30-60 min antes de ir
dormir (ex., relaxamento progres-
sivo muscular);

e Manter um horario regular para
dormir e para acordar (ou seja,
criar uma rotina de sono, procu-
rando deitar e acordar sempre a
mesma hora do dia);

e Sestas apropriadas (~30 min e nédo
no final de tarde);

e Estar consciente da ingestdo de
alimentos e liquidos antes de
ir dormir (ou seja, ndo ir para a
cama depois de consumir muitos
liquidos, pois pode levar com que
0 sono seja interrompido para idas
a casa de banho);
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e Evitar dormir muito tarde nos
dias de “folga” (ou seja, nos dias
sem treino e/ou jogo).

Conclusao

Existe a necessidade em utilizar
métodos sensiveis e ndo invasivos
(tais como os acelerémetros) para
monitorizar os padrdes de sono, a
fim de promover melhor higiene do
sono e consequentemente a efi-
clente recuperacao, especialmente
quando as sessOes ou 0s jogos sao
realizados perto da hora de dei-
tar. Um dos aspetos importantes
dos nossos estudos e novidade na

investigagdo no sono em atletas do
futebol feminino é o uso dos aceleré-
metros durante o sono num “cendrio
real”. Cada atleta realizou as gra-
vagoes de acelerometria de punho
nas suas casas, para que os habitos
do sono nao fossem limitados pelos
procedimentos do estudo e assim
conferir uma maior validade ecolé-
gica a investigacao.

Sugere-se que atletas e treinado-
res organizem, nao apenas o Crono-
grama dos treinos e de competicao,
mas também tenham em considera-
¢do as rotinas de sono para facilitar
uma recuperacao/desempenho mais
eficiente.
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08:30 h Sessdo de boas-vindas
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O desportista com patologia renal e prevengdo da doenca renal Marco Mendes
Planos de exercicio fisico quantificado: efeitos metabdlicos, estruturais e funcionais Jodo Viana
Sindrome cardio-renal, sindroma metabdlico, diabetes e exercicio padronizado Patricia Branco

11:00 h Hot topics em cardiologia desportiva
Avaliacdo do praticante com dor toracica Paulo Dinis
Avaliacdo do praticante com sincope Anténio Freitas
Avaliagao do praticante com arritmia Carlos Morais

11:45h Exercicio na prescrigdo da doenga cardiaca: o que hé de novo Hélder Dores

13:00 h Cerimoénia de abertura

14:30 h Estado do conhecimento. Tendéncias futuras
Salvar o menisco. Quando suturar? Ricardo Telles de Freitas
Medicina regenerativa e tendinopatia: “prp advanced” - tendéncia para o futuro? Palestrante tbc
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Carlos Magalhdes, Sérgio Gomes,
Jodo Pedro Aratjo, Riben Ferreira

09:00 h Monitorizacao. Cargas de treino
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Monitorizagdo das cargas treino em modalidades individuais palestrante tbc
“Red flags” - pode a monitorizagdo das cargas treino ser 1til na redugdo das lesdes? Jodo Brito

11:00 h Recuperacdo pos esforgo. Diversidade processos
Sono e técnicas relaxagao Jodo Paulo Almeida
Nutrig¢do e suplementagao pés esforgo Rodrigo Abreu
Crioterapia Francisco Tavares

14:30 h Qualidade organizacional e formativa
Processo de certificacdo a entidades formadoras - o processo na Federagdo Portuguesa de Futebol Julio Vieira/Tiago Bras
Requisitos para o apoio médico-desportivo na certificagdo a entidades formadoras (FPF) Paulo Beckert/José Pedro Marques
Estrutura e organizagdo de um departamento médico (alta competigdo) Lluis Til

16:00 h Um olhar 360° na organizacao, gestdo e formacgao dos recursos Painel de convidados
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Leia por favor atentamente a seguinte informagao e se concordar com o que lhe
€ apresentado, queira assinar este documento.

Eu, Julio Alejandro Henriques da Costa, aluno regularmente matriculado no
programa doutoral em ciéncias do desporto da Universidade do Porto da
Faculdade de Desporto (FADE-UP), sob orientagao do Prof. Dr. Anténio Natal
Ph.D, e co-orientagdo do Prof. Dr. Jodo Brito e Prof. Dr. Eduardo Oliveira
encontro-me a efetuar uma investigagao para tese de doutoramento intitulado:
“Autonomic cardiac function and sleep responses to training and match load of
elite female footballers”, para obtengao de grau de doutor (Ph.D) em ciéncias do
desporto.

Esta investigagdao tem como objetivo investigar as respostas da fungao
autondémica cardiaca e do sono as cargas de treino e jogo, em jogadoras de elite
de futebol (Estudos prospetivos |-IV). Para esta finalidade, a influéncia da
realizagdo de exercicio fisico na variabilidade da frequéncia cardiaca (VFC) e
nas respostas ao sono serao analisados em detalhe em futebolistas de elite do
sexo feminino. Serao estudados a utilidade e o interesse pratico da utilizagao de
parametros do sono como ferramenta de avaliacdo da fadiga. Além disso, o
potencial uso da VFC como indicador do estado de recuperagao das atletas sera
analisado. Finalmente, serdao explorados a relagao entre o esforgo percebido, o
impulso de treino e os parametros referidos (VFC) durante a realizagao de
esforgo submaximo.

Neste contexto venho solicitar a vossa exceléncia a sua participagdo no
preenchimento deste questionario. A informagao recolhida sera anénima e
confidencial e apenas utilizada, exclusivamente, para o presente estudo, pelo
gue nao se deve identificar ao longo do mesmo, salvaguardando desta forma a

sua privacidade.

Nome do inquirido:

Assinatura:

Data: / /

LI






Consentimento Informado

Consentimento Informado, Livre e Esclarecido para Participagao num

Projeto de Investigagao

Leia por favor, atentamente, a seguinte informagéo e se concordar com o que

Ihe é apresentado, queira assinar este documento.

A presente recolha de dados insere-se no projeto: “Autonomic cardiac function

and sleep responses to training and match load of elite female soccer players”.

O principal objetivo do projeto de investigacdo centra-se em investigar as
respostas da funcdao autonémica cardiaca através da variabilidade da frequéncia
cardiaca e da qualidade e quantidade do sono (ambos os métodos considerados
nao invasivos) em relagao as cargas de treino e de jogo em atletas femininas de

elite de futebol.

Neste contexto, vimos solicitar a sua participagdo no preenchimento deste

consentimento. A informacgao recolhida serd anénima e confidencial e apenas

utilizada, exclusivamente, para o presente estudo, pelo que nao se deve

identificar ao longo do mesmo, salvaguardando desta forma a sua privacidade.

Nome:

Assinatura:

Data: / !

L1l






FIFA Research Scholarship Final Report accepted and

approved

CENTRE
INTERNATIONAL
D’ETUDE DU SPORT

L

Mr Jilio Alejandro Henriques Da Costa

Porto
Portugal

Neuchatel, 1 October 2019

TO WHOM IT MAY CONCERN:

The International Centre for Sports Studies (CIES), which has been entrusted to manage and
implement the FIFA Research Scholarship on behalf of FIFA, hereby confirms that

Mr. Julio Alejandro Henriques Da Costa, born on 26 June 1991,

Doctoral and research student in Sports Science at the Faculty of Sports at the University of Porto
(FADE, UP), has been awarded a FIFA Research Scholarship grant in 2017. The CIES further confirms
that the Research Final Report has been accepted and approved in September 2019.

Should you require further information, please do not hesitate to contact us.

Yours sincerely,

Avenue DuPeyrou 1 Phone +41(0)32 718 39 00
2000 Neuchatel secretariat cies@unine ch

Switzerland www.cies ch

LV



