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ABSTRACT

Monitoring performance-related characteristics of athletes can reveal changes that facilitate training
adaptations. Here, we examine the relationships between submaximal running, maximal jump perfor-
mance (CMJ), concentrations of blood lactate, sleep duration (SD) and latency (SL), and perceived stress
(PSS) in junior cross-country skiers during pre-season training. These parameters were monitored in 15
male and 14 females (17 + 1 years) for the 12-weeks prior to the competition season, and the data was
analysed using linear and mixed-effect models. An increase in SD exerted a decrease in both PSS (B
=-2.79, p<0.01) and blood lactate concentrations during submaximal running (B =-0.623, p < 0.05). In
addition, there was a negative relationship between SL and CMJ (B =-0.09, p = 0.08). Compared to males,
females exhibited higher PSS scores and little or no change in performance-related tests. A significant
interaction between time and sex was present in CMJ with males displaying an effect of time on CMJ
performance. For all athletes, lower PSS appeared to be associated with longer overnight sleep. Since the
females experienced higher levels of stress, monitoring of their PSS might be beneficial. These findings
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have implications for the preparation of young athletes’ competition season.

1. Introduction

During the past several decades there has been an exponential
rise in the professionalism of sport and with that a greater interest
in using a scientific approach has emerged (Hamlin et al., 2019). As
a result, many sport practitioners apply evidence-informed meth-
ods to help maximize athlete performance. To optimize training,
both the training process itself and recovery must be monitored,
and a favourable balance achieved. To achieve the correct bal-
ance, there is not one definitive approach; instead, relevant and
easily comprehensible feedback can improve our general under-
standing of training and/or recovery status, thereby aiding in the
development of an appropriate training programme that also
reduces the risk of injury, illness and overtraining (Halson, 2014;
Murray, 2017). This feedback is obtained by monitoring objective
(physiological, biochemical) and subjective (perceived physical
and psychological well-being/mood) factors related to perfor-
mance, recovery and/or well-being (Lamberts et al.,, 2011; Saw
et al,, 2016). Although subjective measures have demonstrated
a higher sensitivity and a higher consistency when compared to
objective measures, current practice typically utilizes a mixed-
method approach including concurrent measures of both objec-
tive and subjective factors (Saw et al., 2016).

As a result, objective measures of physical performance,
such as maximal jump and submaximal tests, are commonly
employed by coaches and athletes to help monitor athletes’

fatigue (Taylor et al., 2012). In addition, nocturnal heart rate
(HR) and heart rate variability (HRV) are a convenient and reli-
able measure for monitoring training status and recovery in
endurance athletes (Nuuttila et al., 2022). Furthermore, growing
evidence has emerged addressing the positive relationship
between sleep and optimal performance with improvements
in sleep quality and quantity appearing to be an additional
factor that may aid in maximizing athletic success (Simpson
et al., 2017). However, it is important to recognize that athletes
encounter additional challenges from social, lifestyle, academic
and athlete-coach relationships and this non-training stress
needs to be accounted (Hamlin et al.,, 2019; Solomon et al.,
2017). Therefore, subjective levels of stress are an additional
area that may be beneficial to follow.

One specific population of athletes that may significantly
benefit from athlete monitoring are young endurance athletes.
Growth and development have an evident influence on perfor-
mance and young athletes aiming for success train regularly
with long hours and an intense dedication (Solomon et al,,
2017). Endurance research typically involves adult subjects
and therefore, knowledge regarding the physiological trainabil-
ity and perception of stress during the adolescent years is
limited (Baquet et al., 2003; Mikkola et al., 2007; Murray, 2017;
Naughton et al.,, 2000). In addition to the physical changes,
young athletes have the additional task of balancing their
studies and training. Certain times of the year, such as pre-
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season or examination periods, may elicit an increase in exter-
nal pressure which can add to the overall perceived stress
(Hamlin et al., 2019). Previous research has shown that changes
in individual perceptions of stress/recovery are positively asso-
ciated with meaningful changes in performance (Otter et al.,
2015). Furthermore, earlier findings indicate the females report
higher levels in certain areas of perceived stress during pre-
season periods (Roberts et al., 2022) and consistently higher
amounts of overall stress when compared to males (Brougham
et al., 2009). These findings suggest that communication about
feelings and levels of stress may be as relevant as performance-
related tests, and further investigation in this area, and inde-
pendent of sex, may be of importance for coaches and athletes.
Consequently, longitudinal studies following subjective and
objective measures of young athletes are needed (Baquet
et al,, 2003).

Therefore, our primary aim here was to investigate the
relationship between various objective measures of training
and recovery and subjective stress. Our secondary objective
was to examine changes in submaximal running, jump per-
formance, the duration and latency of sleep, nocturnal HR
and perceived stress in young athletes during the 4-month
period of pre-season training and determine which of these
factors exert a significant impact on their performance. In
addition, we have explored potential sex differences in
these contexts.

2. Methods
2.1. Participants and design

The 29 well-trained young endurance athletes who partici-
pated in the research were students at a sports high school,
who trained and competed in cross-country skiing or biathlon
all year round. The athletes had at least 3 years of competition
experience at the national level, and their baseline character-
istics and training background are shown in Table 1. All sub-
jects were fully informed of the experimental procedures and
provided written consent before taking part in this study. An

ethical committee from the Central Finland Health Care District
approved the study (Ethical reference number: Dnro 14 U/2018)
and measurements were performed in accordance with the
Declaration of Helsinki (World Medical Association, 2013).

The research took place during a 4-month pre-season period
of endurance training and racing for cross-country skiing or
biathlon. This study period began in August and ended in
November right before the winter competition season began
(Figure 1). Nocturnal HR, HRV, duration of sleep and sleep
latency were monitored daily throughout the study period.
Additional measures were obtained in the morning once
a month in a laboratory setting. Total measurement time was
approximately 30 minutes. Each measurement started with
a measure of general stress level of the subjects by completing
a monthly perceived stress questionnaire (Cohen et al., 1983).
Once the survey was complete, maximal countermovement
jump tests were conducted followed by submaximal running
tests to follow performance-related parameters. During these
tests, HR, blood lactate concentrations and rate of perceived
exertion (RPE) were collected. RPE was reported before the test
began and during the last 30 seconds of each running stage
and assessed using a category ratio RPE scale (Baquet et al.,
2003; Borg, 1970, 1970; Brougham et al., 2009; Cohen et al,,
1983; Hynynen et al., 2006; Mikkola et al., 2007; Naughton et al.,
2000; Nuuttila et al., 2022; Otter et al., 2015; Roberts et al., 2022;
Simpson et al., 2017; Solomon et al., 2017; Taylor et al., 2012;
Walvekar, 2015; World Medical Association, 2013). Running and
jump exercises were already incorporated into the tested indi-
viduals’ normal training; thus, a preparatory training period was
unnecessary. Due to the longitudinal design of this study,
measurement weeks were carefully considered with coaches
to avoid weeks that included training camps or exams.

2.2. Perceived stress survey

The 14-item Cohen Perceived Stress Scale (PSS) was used to
assess monthly levels of perceived stress. The PSS is a reliable
and validated psychological tool that was developed to

Table 1. Characteristics of the participants (means + SD).

Males (N =15) Females (N=14)
Age (yrs.) 17 +1 17 £1
Height (cm) 179.2+6.6 167.6 +£6.2
Body mass (kg) 70.7 +8.9 62.6 +5.0
VO,max (mL/kg/min) 66.1+4.4 542 +2.1
Maximal heart rate (bpm) 199+9 200+ 6
Annual training (hrs.) 544 + 65 557 +54
Study Period
| hl
Aug. Sept Oct. Nov. Apr“

May

[ Training Season

Figure 1. Timeline of the investigated study period.

[ Competition Season ]



mMales ®mFemales

Negative items

Very often

Fairly often

Sometimes

Almost never 1 +

JOURNAL OF SPORTS SCIENCES (&) 3

Postive items

Never 0 - " " ”
& 2 > o 2 2 4 N L Y & o
g & o & & F g & & F & ¥ & &
F & F & & F F F 5 & 3 L & 08
F o & & & @ ¢ & & & & ¢ 08 9
¢ ¥ § ¢ &S T FE o9 8 F
& c@) & & & & & s s S
(o] O e O
F & & SIS g & & &
S & ¢ s & Sf &y ¢
& & K 9 Z s © 53
S @ > N N @
& @ 9 > & L
S &> S ) S
< Q QO
¢
P
N
o
(¢

Figure 2. Scores on the different items of the perceived stress test during the pre-season training period.

*Significant difference between males and females, p < 0.05

measure stress from the psychological perspective (Cohen
et al, 1983; Hynynen et al., 2006). It consists of seven nega-
tive and seven positive items with the negative element
intended to assess the lack of control and the positive ele-
ment focused on the individual’s ability to cope with existing
stressors (Walvekar, 2015). (Figure 2) A five-point Likert-type
scale, ranging from 0, “Never” to 4, “Very Often” was used to
rate each item. Possible scores ranged from 0 to 56 with
higher scores indicating higher levels of perceived stress.
The scores may be further categorized into three levels:
scores 0-13 indicate low stress, scores 14-26 indicate mod-
erate stress and scores 27-40 indicate high stress (Hrozanova
et al., 2019). Subjects were instructed to sit down and fill out
the stress survey upon their arrival to the testing laboratory.
Surveys were conducted prior to performance tests to ensure
that subjects were well rested and able to properly answer all
questions without any external influence due to performance
test results.

2.3. Maximal jumps and submaximal running test

Maximal counter movement jumps (CMJ) (Bosco et al., 1983)
and submaximal running tests (SRT) were used to evaluate
athletes’ performance-related characteristics and/or recovery.
Prior to arrival, subjects completed a 15-minute warm-up run-
ning at a self-selected sub-maximal speed. Subjects were then
instructed to jump as high as possible while keeping their
hands fixed to their hips, feet shoulder-width apart and bend-
ing their knees to a 90-degree angle. A total of three jumps
were completed with about 1 minute of recovery between
jumps. Jumps were performed on a force plate (HUR FP8, HUR
Oy, Kokkola, Finland) and jump height was calculated from
impulse (Linthorne, 2001) using Coachtech system. The highest
jump was recorded as the current measure of performance.
CMJ is a common (Taylor et al, 2012) and valid test for

measuring fatigue and explosive power (Bosco et al., 1983)
and assessment of CMJ performance using a force platform
has shown a high reliability with intraday and interday CVs of
1-6% (Cormack et al., 2008).

Following the CMJ tests, the SRT tests were conducted to
evaluate aerobic fitness. Maximal HR values were obtained
from prior maximal oxygen uptake tests, and the SRT per-
formed during this study was designed to elicit heart rates
(HR) at approximately 90% of maximal HR and thus, signifi-
cant changes in HR were measurable (Lamberts et al., 2004).
The SRT included 4 stages and was 16 minutes in length.
The test was performed on a Tunturi GO Run 50 Treadmill
(Tunturi Fitness, Flevoland, Netherlands) and speed was
standardized (females: 10.0 km/h, males: 11.7 km/h) with
inclination increasing every 4 minutes, starting at 2%, then
4%, 7% and 9%. During the SRT, HR was continuously
monitored with a HR-monitor (Polar V800, Polar Electro
Oy, Kempele, Finland) and HR values were recorded when
15 seconds of each load remained. Prior to the start of the
test and during the last 30 seconds of each stage subjects
were instructed to provide an overall rating of perceived
exertion using Borg’'s 6-20 point scale (Borg, 1970). Short
descriptions of the Borg-Scale were shown to prevent any
difficulty in determining their current effort level. After each
stage, blood lactate samples were obtained from the fin-
gertip and placed into capillary tubes (20 uL) which
included 1-mL hemolyzing solution. The Biosen C-line lac-
tate analyser was used in this study and employs an enzy-
matic-amperometric method using a chip-sensor
technology making it possible to analyse lactate levels
within the range of 0.5-40 mmol/l (5-360 mg/dL) with an
accuracy less than or equal to 1.5% at 12mmol/l (EFK
Diagnostics Product Catalogue, 2022). For further analysis,
a binary model (Tgnnessen et al,, 2014) was adopted and
stage 1 SRT values were analysed to represent low-intensity
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training values (LIT) and stage 4 SRT values were analysed
to represent high-intensity training (HIT). Due to the highly
homogenous nature of the group, the utilized protocol was
appropriate and submaximal intensities were reached for all
subjects (Table 3). Although we do not have validation of
this specific protocol, it is a familiar and standardized pro-
tocol, which is commonly used as a control test by junior
cross-country skiers and biathletes (Kettunen et al., 2021).

2.4. Sleep analysis

Nocturnal HR, HRV (square root of the mean sum of the
squared differences between R-R intervals, RMSSD), sleep
latency (SL) and sleep duration were measured using
a portable bed sensor. This device (EMFIT QS, Emfit OY,
Jyvéskyld, Finland) consists of a contactless pressure sensor
(542 mm x 70mm x 1.4 mm) that utilizes ballistiocardiogra-
phy to numerically and graphically present repeated move-
ments (Pinheiro et al., 2010). In a clinical setting, evaluation of
this device has shown that it is an acceptable method for
continuous monitoring of sleep (Hendriks et al., 2021). In
addition, real-life conditions have revealed good agreement
(r=0.89-0.90) to laboratory validated reference values and
trivial mean bias for nocturnal HR (1.7%, ES =0.16) and HRV
(2.0%, ES=0.14) [29]. Thus, this device appears to be an
effective and convenient method for the sleep variables
investigated in this study.

Sleep devices were placed under each subject’s mattress
near the chest area. The recording process began automatically
when body weight was sensed. The device recorded at
a sampling rate of 100 Hz, stopping when the subject exited
the bed each morning. The subject was unable to detect the
presence of the device and data was collected using continu-
ous 3-minute periods. To increase the likelihood of real-life
application, the current investigation used HR values that are
automatically presented on the user interface of the sleep
device. For nocturnal HR, whole night daily average values
were used for analysis. For nocturnal HRV, a graphical repre-
sentation of HRV values was interpreted relative to time, by
utilizing RMSSD and the endpoints of the linear line of best fit
were selected to represent the average RMSSD values for eve-
ning (HRVpm) and morning (HRVam) sleep (Mishica et al.,
2022). Daily values were used to calculate weekly averages
that were then utilized for analysis. Weekly criteria for all
sleep values followed requirements of previous literature that
a minimum of three days were needed for weekly HRV values to
be obtained (Plews et al., 2014).

2.5. Missing data

The total percentage of missing values was 22% or 302 out of
1334. The percentage of missing values across the variables
separately for each timepoint varied and the number of valid
measurements for sleep, CMJ and PSS variables is presented in
Table 2 and for SRT variables in Table 3. Missing data occurred
due to invalid or missing measurements and is from now on
assumed to occur at random. For linear mixed-effect modelling,
we performed multiple imputation using the mice package
(Van Buuren & Groothuis-Oudshoorn, 2011) in R (R Core Team,

2022). We created 50 multiply imputed datasets using 50 itera-
tions. The mixed model parameters were then estimated using
each imputed dataset and pooled estimates were obtained
using Rubin’s rule (Rubin, 2004).

2.6. Statistical analysis

Linear mixed-effect models (LMM) (Pinheiro & Bates, 2000) were
used to test the significances of within-sex changes in variables
over time. For both sex separately, linear mixed-effect models
were fitted using PSS score, jump and running variables as
responses and the time as a fixed covariate. To take into account
the longitudinal nature of the data, random subject variables
were added in mixed-effect models. The analyses were carried
using the nlme package (Pinheiro & Bates, 2022) in R. Further,
differences between males and females and time-sex interac-
tions were studied by fitting mixed-effect models to combined
dataset with sex and sex-time interactions as covariates, respec-
tively. In addition, standardized effect size (Hedge's g) analyses
were used to interpret the magnitude of any differences over
time within sexes. Notice that as the methods described above
were used to test the differences seen in Tables 2 and 3, the
models were fitted using the complete data instead of multiply
imputed datasets. Finally, to study the effects of sleep variables
to PSS, and sleep variables and PSS to jump and running vari-
ables, several linear mixed-effect models were fitted to 50 multi-
ply imputed datasets. The sex variable was added in each model
to account for changes between males and females. The pooled
estimates were obtained using the R package broom.mixed
(Bolker & Robinson, 2022).

3. Results

The results for night sleep, nocturnal HRV, perceived stress levels
and jump performance, as well as the associated LMM statistics,
relative change between measures and effect size obtained over
the 4-month period (August-November) are presented in
Table 2. Jump performance revealed a slight increase in males
(6.1%) with a significant time-sex interaction (p = 0.005). In addi-
tion, males’ sleep HR and perceived stress levels increased sig-
nificantly (6.3%, p=0.004 and 31.3%, p=0.015, respectively)
during the study period. Effects of sex were observed for PSS
and jump performance with males obtaining greater jump
height and lower PSS than females. PSS responses where sig-
nificant sex differences were present can be seen in Figure 2.
Figure 3 presents an example of individual changes for one male
and one female subject that occurred for PSS, RPE, %HRmax and
blood lactate concentrations during submaximal running tests
during the study period.

The physiological measures obtained during submaximal
running treadmill tests and the associated LMM statistics, rela-
tive change between measures and effect size are presented in
Table 3. Among females, blood lactate levels increased in both
stage 1, LIT (32.9%, p = 0.004) and stage 4, HIT (23.6%, p = 0.034)
of submaximal running, whereas blood lactate levels in males
decreased and/or remained unchanged during the experimen-
tal period. In addition, a significant time-sex interaction was
present for lactate during LIT of running tests.
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Table 3. Submaximal running performance, heart rate (HR), blood lactate concentrations (Lac) and rate of perceived exertion (RPE) by the junior male and female cross-

country skiers during the different months of pre-season training.

August September October Time Effect Aug.- Sept. Sept.- Oct. Aug.- Oct.

M, n=11 M, n=11 M, n=9
Sex F,on=11 F,.n=12 F,.n=12 (df, df) F P %A ES %A ES %A ES
HR (1% max)
M 775 757 71+6 (2,11)0.59 0.569 =26 033 =53 0.61 -7.8 1.09
F 77+4 71+22 79+4 (2,18) 0.87 0.436 -7.8 0.38 1.3 0.51 26 0.50
HR 4% max)
M 90+4 92+6 88+5 (2,13)0.78 0.480 22 0.39 -4.6 0.72 =22 0.44
F 91+2 92+2 93+3 (2,19) 2.87 0.082 1.1 0.50 1.1 0.39 22 0.78
Lac 1 (mmol/L)**
M 1.8+06 1.8+05 0.6 1.24 0.320 =11 0.04 -104 033 -114 035
F 1.6+0.5 1.8+04 1+05 7.55 0.004* 16.8 0.53 13.8 0.53 329 0.98
Lac 4 (mmol/L)
M 45+17 51+ 37+19 (2,13) 0.50 0.618 145 035 -284 0.74 -18.0 0.46
F 40+14 52+ 50+14 (2,20) 4.00 0.034* 29.1 0.80 4.2 0.15 236 0.67
RPE 1
M 10.7+1.2 11.0+15 11.8+1.0 (2,13)1.72 0.217 25 0.20 6.8 0.59 9.5 0.91
F 11.6+0.9 115+13 11.7+11 (2, 20) 0.99 0.907 -0.9 0.09 1.1 0.1 03 0.03
RPE 4
M 159%15 16.1+1.8 163%1.0 (2,13)0.48 0.630 1.1 0.1 1.0 0.1 2.1 0.26
F 157 +1.7 16.1+1.6 163+1.6 (2, 20) 0.65 0.533 22 0.22 1.6 0.16 3.8 0.37

HR 1= Percentage of maximal heart rate in stage 1 low-intensity running.
HR 4 = Percentage of maximal heart rate in stage 4 high-intensity running.

Lac 1 =Blood lactate concentration in stage 1, Lac 4 = Blood lactate concentration in stage 4.

RPE 1 = Rate of Perceived Exertion in stage 1; RPE 4 = Rate of Perceived Exertion in stage 4.

Also presented here are the within-sex changes over time according to the linear mixed-model (LMM), including the within-sex time effect F scores, degrees of freedom
(df), p values, relative change (%A) from week to week and Hedge’s g effect size (ES).

*Significant effect of time (p < 0.05) on the linear mixed model (LMM) for each sex.

**Significant time-sex interaction (p < 0.05) observed in LMM for all of the subjects combined.
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Figure 3. An example of individual changes during a pre-season training period for perceived stress scores (PSS) and rates of perceived exertion (RPE), percentages of
maximal heart rate (%HRmax) and blood lactate concentrations during submaximal running in one male (a) and one female (b).

In the total study population, sleep duration revealed
a negative association with PSS (B=-2.79, p=0.01) and blood
lactate concentrations in submaximal running (B=-0.623, p=
0.04). This implies that for every 1-hour increase in sleep duration
the PSS score is estimated to decrease by 2.8 points and lactate is
estimated to decrease by 0.62 mmol/L. In addition, a negative
relationship was found between SL and CMJ (B =-0.09, p =0.08)
as well as heart rate during the low-intensity running of SRT (B =
—0.004, p =0.02) (Tables 4 and 5).

4. Discussion

The major findings here were the negative correlations
between perceived stress and sleep duration, between sleep
latency and jump performance, and between blood lactate
levels during high-intensity running and sleep duration.
Moreover, the females displayed considerably higher levels of
stress and blood lactate during submaximal running.

In the present study, sleep duration displayed a negative
relationship with submaximal blood lactate concentrations
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Table 4. Pooled regression estimates of PSS and variables associated with jump performance and their 95%

confidence intervals.

PSS score Jump
B 95% CI B 95% Cl
Intercept 28.58* (0.29, 56.88) 43.49%** (30.44, 56.55)
Sex (F) 5.93* (1.09, 10.77) —6.05%** (—8.40, —3.69)
PSS score - - -0.04 (—0.16, 0.09)
Sleep HR 0.17 (=0.25, 0.59) -0.14 (-0.32, 0.04)
Sleep duration —2.79%* (—4.95, -0.62) 0.40 (—0.78, 1.58)
Sleep latency -0.03 (-0.29, 0.23) -0.09 (—0.20, 0.01)
HRVam 0.01 (-0.07, 0.09) 0.00 (—0.03, 0.04)
*p < 0.05, **p < 0.01, ***p < 0.001.
HR = heart rate, HRVay = Morning nocturnal heart rate variability, PSS = perceived stress score.
Table 5. Pooled regression estimates of SRT variables and their 95% confidence intervals.
Heartrate 1 Heartrate 4 Lactate 1 Lactate 4
B 95% Cl B 95% Cl B 95% CI B 95% Cl
Intercept 0.85*** (0.41, 1.30) 0.87%** (0.67, 1.06) 0.74 (-2.21, 3.69) 8.64* (0.91, 16.37)
Sex (F) 0.04 (=0.02, 0.10) 0.01 (=0.01, 0.04) 0.05 (—0.26, 0.36) 0.12 (—0.84, 1.97)
PSS Score 0.00 (=0.01, 0.00) 0.00 (0.00, 0.00) —0.01 (-0.03, 0.01) —-0.02 (—0.08, 0.04)
Sleep HR 0.00 (0.00, 0.01) 0.00 (0.00, 0.00) 0.03 (=0.01, 0.06) 0.03 (—0.07, 0.14)
Sleep duration 0.00 (—0.04, 0.03) 0.00 (-0.01, 0.01) —0.03 (—0.26, 0.20) —-0.62* (=1.23, -0.02)
Sleep onset 0.00* (—0.01, 0.00) 0.00 (0.00, 0.00) 0.00 (=0.02, 0.02) 0.01 (—0.05, 0.06)
HRV 4y 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.01) —-0.01 (-0.03, 0.01)

*p <0.05, **p < 0.01, ***p < 0.001.

HR = heart rate.

HRVam = Morning nocturnal heart rate variability.
PSS = Perceived stress scale.

SRT = Submaximal running test.

suggesting that a reduction in sleep may influence blood lactate
levels. A recent review focused on sleep’s effect on youth perfor-
mance revealed that inadequate sleep results in decreased well-
being, increased perceived training loads and decreased perfor-
mance (Riederer, 2020). Higher lactate levels at a controlled sub-
maximal exercise intensity are often indicative of a decrease in
performance (Jacobs, 1986) supporting the idea that the current
increase in blood lactate levels may be related to the reduction in
sleep. Nevertheless, associations to submaximal lactate levels
and performance have not been well established, and therefore,
changes in blood lactate concentrations should be evaluated
with caution (Swart et al., 2004). The present results also showed
that sleep duration was negatively associated with perceived
stress levels. Previous research that investigated sleep in junior
athletes identified perceived stress as a significant predictor of
sleep quality and advised that an athlete’s ability to effectively
manage perceived stress may help prevent poor sleep
(Hrozanova et al.,, 2019). Although the current study did not
focus on direct measures of sleep quality, the impact of sleep
duration on competitive performance has been previously inves-
tigated (Kirschen et al., 2018) and more time in bed as well as an
increase in sleep duration has resulted in improved athletic
success (Juliff et al., 2018). Throughout the current training per-
iod, athletes continued to maintain the recommended amount
of 8 hours of sleep each night (Riederer, 2020) suggesting sleep
duration was sufficient. However, the ideal amount of sleep may
be individual and some young athletes may need additional
sleep (Chaput et al., 2018).

A unique aspect of this study is the continuous analysis of
HRV and perceived stress in combination with performance
measures. HRV is known to change in response to stress (Kim

et al, 2018) yet, we were unable to observe any significant
relationships between PSS and nocturnal HRV. Interestingly,
females displayed higher nocturnal HRV values which are asso-
ciated with positive training adaptations (Plews et al., 2013) as
well as higher levels of perceived stress which was previously
related to a decline in performance (Otter et al.,, 2015). The
current methods may be a possible explanation for these con-
flicting findings with HRV providing an objective measure of
stress that is associated with change in the autonomic nervous
system (Kim et al., 2018) and PSS presenting a subjective mea-
sure related to individual assessment of stress (Cohen et al,
1983). In addition, athletes were responding to PSS in
a retrospective manner (e.g., “in the past month”) while HRV
was automatically measured each night and weekly average
values were used for analysis; therefore, a reduction in associa-
tions may exist due to these inconsistencies. This is in line with
previous research that showed no changes in nocturnal HR and
HRV during a basic endurance training period despite
improved endurance performance (Vesterinen et al., 2013).
Another factor to consider is that the following measurements
occurred during a phase of preseason training when external
factors such as competition and travel are reduced. It is likely
that athletes may be exposed to different levels of stress during
the competition season and frequent monitoring may help
prevent a future decline in performance. Therefore, further
studies, particularly during a competition season that
takes subjective (PSS) as well as objective (HRV) measures of
stress into account, should be undertaken.

Sleep latency is an appropriate indicator of sleep quality
with sleep latencies <30 minutes revealing good sleep quality
in both adolescents and adults (Ohayon et al., 2017). In the
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present study, males displayed latency periods within or below
30 minutes, but females had slightly higher values suggesting
that their sleep quality may have been lower (Table 2). Athletes
often report low sleep quality indicating improvements in sleep
may be an additional tool to help maximize performance
(Simpson et al., 2017) and thus, measuring sleep latency may
be a applicable way for athletes to monitor sleep quality. We
observed a significant negative relationship between sleep
latency and CMJ height suggesting the duration of sleep
onset may influence jump performance. Although research
has shown that sleep restriction impairs vertical jump height
(Mah et al., 2019), it is crucial to recognize that the current
fluctuation in sleep quality and/or duration occurred naturally
and, therefore, was fairly small. Thus, although our findings
suggest that when reductions in jump height occur evaluation
of individual sleep conditions may be beneficial. More research
is needed to better understand associations between sleep
quality and jump performance in young athletes.

In the current study, sex differences were found in perceived
stress with females consistently showing higher stress scores
implying that during the preseason training period females felt
a greater amount of perceived stress (Table 2). More specifically,
throughout the measurement period, average PSS score was 6.8
points higher in females than in males indicating that females
displayed a moderate level of stress versus low stress level in
males (Hrozanova et al., 2019). Previous research has uncovered
similar findings of sex differences in perceived stress in endur-
ance athletes with females experiencing more stress on various
stress-related items prior to a competition (Roberts et al., 2022).
Additionally, research investigating university students has con-
sistently revealed that females report a higher level of perceived
(Graves et al., 2021) and a greater level of overall stress when
compared to male students (Brougham et al,, 2009). In the pre-
sent study, when looking at sex-specific perceived stress
responses, significant differences were due to females displaying
greater amounts of negative stress; in particular females exhib-
ited increased feelings of “nervousness and stress” and felt they
were “unable to control/cope” with present stress (Figure 2).
Thus, our findings provide an expansion on previous research
that revealed females tend to have a greater risk of elevated
stress and anxiety than males (de Visser et al, 2010).
Furthermore, males displayed a slightly higher ability to cope
with existing stressors. Specifically, males displayed a higher level
of perceived confidence and more situations where they felt
everything was “going their way”. This is in line with earlier
findings that showed females reported less control over environ-
mental stressors (Hammermeister & Burton, 2004). However,
although females displayed higher levels of perceived stress,
previous research has revealed that females utilize adaptive
coping strategies (Ngankwo & Onyishi, 2012) and social support
systems (Crocker & Graham, 1995) more than males suggesting
that females in the current study may have managed the higher
levels of stress effectively. Additionally, the supportive environ-
ment that a sport academy provides may have additional influ-
ence on how athletes in this study were able to balance their
total stress load. Thus, future studies should consider reporting if
athletes feel they have adequate support and/or effective coping
strategies to handle current stress loads so the effect of stress on
performance is more clearly observed. Nonetheless, these

findings may help coaches to recognize sex differences in per-
ceived stress levels and aid in providing effective strategies and
support for young athletes.

With regard to performance, sex differences were observed in
jump height and submaximal blood lactate concentrations.
Although jump height revealed a slight increase in both males
and females, a significant improvement was only visible in males
(Table 2). Previous research on endurance runners found that
when comparing season best and worst running performances,
jump height was significantly higher the week before the season
best competition (Balsalobre-Fernandez et al., 2014).
Additionally, cross-country skiers displayed a positive relation-
ship between jump performance and maximal skiing speed
(Stoggl et al, 2011) suggesting that the males in the present
study may have been better prepared for the upcoming compe-
tition season. However, it's also important to recognize that CMJ
performance tests also revealed that jump height and peak
power were similar in both male and female cross-country skiers
(Gonzalez-Millan et al., 2017) before and after competition sug-
gesting this test may not be the most accurate performance-
related measure. Furthermore, similar research focused on CMJ
performance during the competition season in junior soccer
plays revealed that only trivial changes in CMJ were displayed
and reduced training load was not associated with changes in
CMJ jump height (Malone et al., 2015).

Throughout the pre-season period, females displayed signifi-
cant increases in blood lactate concentrations in both low- and
high-intensity running of SRT (Table 3). Although it is well known
that lactate is highly correlated with performance (Jacobs, 1986)
it is important to consider the additional variables and the high
individual variability that occurs when interpreting results
(Figure 3). We found minimal to no differences in submaximal
RPE and increases in HR were within the normal limits of daily
variation (Lamberts et al., 2004). In addition, we observed slight
improvements in jump performance and HRV which are typically
related to increases in performance (Balsalobre-Fernandez et al.,
2014; Plews et al., 2013). Thus, based on the present findings we
cannot conclude whether positive or negative changes occurred
during this pre-competition training period.

4.1. Limitations

The present study had some limitations that should be considered.
First, sleep variables were collected in individual home environ-
ments. Ideally, a controlled environment would provide a more
standardized and accurate measure, but the objective was to
collect measures that mimic typical everyday use, and therefore,
it can also be seen as a strength of this study, but the influence of
external factors needs to be considered when interpreting the
results. Second, as with many longitudinal studies missing data
points occurred due to invalid or missing measurements.
Although the current statistical approach was chosen to minimize
the influence of missing data, it is still an important factor to
acknowledge. Lastly, a performance-related measure and/or
a race result would have provided an increased understanding
on the relationships that perceived stress may have on young
athletes’ performance which would have been a valuable addition
to take into consideration when interpreting the present results.



5. Conclusion

This study demonstrates that an increase in perceived stress
levels in young endurance athletes is associated with dimin-
ished sleep duration. It highlights that females experience
greater amounts of stress than their male counterparts, and
therefore, monitoring of their perceived levels of stress may be
beneficial. Accordingly, these results have implications for
young athletes preparing for a competition season and per-
ceived stress levels, sleep duration and sleep latency can be
easily monitored using simple, non-invasive methods.
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