
©Journal of Sports Science and Medicine (2021) 20, 778-788 
http://www.jssm.org DOI: https://doi.org/10.52082/jssm.2021.778 

 

 

 

`  

 
 
Relationships between Heart Rate Variability, Sleep Duration, Cortisol and      
Physical Training in Young Athletes 
 
Christina Mishica 1, Heikki Kyröläinen 1, Esa Hynynen 2, Ari Nummela 2, Hans-Christer Holmberg 3 
and Vesa Linnamo 1 
1 Faculty of Sport and Health Sciences, University of Jyväskylä, Jyväskylä, Finland; 2 KIHU – Research Institute for 
Olympic Sports, Jyväskylä, Finland; 3 Department of Health, Education and Technology, Luleä University of 
Technology, Luleå Sweden 
 

 
Abstract 
The aims of the current study were to examine the relationships 
between heart rate variability (HRV), salivary cortisol, sleep 
duration and training in young athletes.  Eight athletes (16 ± 1 
years) were monitored for 7 weeks during training and 
competition seasons. Subjects were training for endurance-based 
winter sports (cross-country skiing and biathlon). Training was 
divided into two zones (K1, easy training and K2, hard training). 
Heart rate and blood lactate during submaximal running tests 
(SRT), as well as cortisol, sleep duration and nocturnal HRV 
(RMSSD), were determined every other week. HRV and cortisol 
levels were correlated throughout the 7-week period (r = -0.552, 
P = 0.01), with the strongest correlation during week 7 (r = -0.879, 
P = 0.01). The relative changes in K1 and HRV showed a positive 
correlation from weeks 1-3 (r = 0.863, P = 0.006) and a negative 
correlation during weeks 3-5 (r = -0.760, P = 0.029). The relative 
change in sleep during weeks 1-3 were negatively correlated with 
cortisol (r = -0.762, P = 0.028) and K2 (r = -0.762, P = 0.028). In 
conclusion, HRV appears to reflect the recovery of young athletes 
during high loads of physical and/or physiological stress. Cortisol 
levels also reflected this recovery, but significant change required 
a longer period than HRV, suggesting that cortisol may be less 
sensitive to stress than HRV. Moreover, our results indicated that 
during the competition season, recovery for young endurance 
athletes increased in duration and additional sleep may be 
beneficial. 
 
Key words: Recovery, endurance training, physiological stress, 
individual adaptations, submaximal tests, autonomic nervous 
system. 

 
 
Introduction 
 
During the past four decades, increasing emphasis has been 
placed on training young athletes, many of whom now train 
all year round (Brenner, 2016). At the same time, most 
investigations on responses to endurance training have 
involved adult subjects and considerably less is known 
about the trainability and development of younger 
individuals (Naughton et al., 2000; Murray, 2017). 

Moreover, in addition to the stress of daily training, the 
added stress of their studies affects the recovery of young 
athletes. Therefore, research on the training of young 
athletes, focused on reaching a high level of performance, 
is necessary for attaining maximal gains and allowing 
young athletes to succeed in elite sports (Brenner, 2016; 
Murray, 2017). 

Physiological processes that occur during sleep are  

a fundamental aspect of an athlete’s recovery and               
subsequent   ability   to   train   and   compete  at  maximal             
capacity (Samuels, 2008; Brand and Kirov, 2011). 
However, both the quality and quantity of sleep by young 
athletes has been declining (Samuels, 2008; Copenhaver 
and Diamond, 2017) for a number of reasons, including 
training schedules, education, social events and travel 
plans (Copenhaven and Diamond, 2017; Simpson et al., 
2017) as well as chronic and acute stress. It is known that 
the human response to stress is largely regulated by the 
autonomic nervous system (ANS) and, therefore, can be 
observed easily and non-invasively by measuring beat-to-
beat variation in resting heart rates, also known as heart 
rate variability (HRV) (Electrophysiology, 1996; McEwen, 
2007). Numerous studies have investigated the effects of 
endurance training on HRV (Pichot et al., 2000; Hautala et 
al., 2001; Carter et al., 2003; Kiviniemi et al., 2007) and 
recent studies suggest that nocturnal recordings help 
further evaluate an individual’s accumulated training load 
(Pichot et al., 2000; Hynynen et al., 2010). HRV 
measurements during sleep provide a measurement that is 
independent of external factors and therefore, enhances 
their reliability (Pichot et al., 2000; Buchheit et al., 2004; 
Nummela et al., 2010). Furthermore, nocturnal HRV 
appears to have a dose-response relationship with 
increased exercise intensity causing a reduction in 
nocturnal HRV (Hynynen et al., 2010). Thus, sleep 
duration and nocturnal HRV measurements may be 
effective measures to monitor recovery in young athletes. 

Cortisol is one of the most frequently investigated 
hormones as a measure of overtraining and stress. 
Extended periods of increased or decreased levels of 
cortisol have a negative impact on health and therefore, 
may hinder athletic performance (Duclos et al., 2007). The 
relationship between cortisol and exercise as well as the 
different methods used for measuring cortisol secretion 
have conflicting results (Neary et al., 2002; Duclos et al., 
2007). However, several studies have shown a strong 
relationship between serum and salivary cortisol levels 
indicating that salivary cortisol is a reliable measurement 
method, a good biomarker for physiological stress and a 
non-invasive option for monitoring athletes (Neary et al., 
2002; Gustafsson et al., 2008; Hellhammer et al., 2009). 
During a 37-week follow up, salivary cortisol increased 
with increased training but when training was reduced, no 
change was observed and no relationship was found 
between performances (Chatard et al., 2002). In addition, a 
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repeated exercise prescription does not appear to elicit the 
same changes in resting levels of cortisol with previous 
research finding that cortisol decreased considerably 
between two different maximal tests (Hedelin et al., 2000). 
Maximal tests are a good measure of performance but 
require a highly intensive exertion, reducing their 
application to everyday training (Lamberts et al., 2011; 
Capostagno et al., 2016). As a result, submaximal tests are 
used more frequently to monitor athletes and predict 
performance (Lamberts et al., 2011). Submaximal 
treadmill tests have been compared to cycle tests in athletes 
training for triathlon, and findings showed that both testing 
modes could be used interchangeably (Basset and Boulay, 
2003). Running is a common training mode for both cross-
country skiers and biathletes, allowing SRT to be a valid 
test for monitor training in this study. 

Although monitoring training load at the elite level 
is common practice, there is no well-defined boundary 
between effective and ineffective training adaptations 
(Gustafsson et al., 2008). Previous research has shown that 
the utilization of HRV measurements in sport is 
challenging due to inconsistent procedures making 
comparison of results problematic as well as time 
constraints reducing the overall athlete compliance, 
especially over a long season (Rave et al., 2018).  Increases 
in technology have introduced monitoring options that are 
easily accessible and collected with minimal effort. 
However, these measures are often performed in home 
environments. Therefore, investigating “real-life” values is 
highly relevant and may provide future understanding that 
is highly applicable for athletes and coaches.  Accordingly, 
this study was designed to characterize the relationships 
between HRV, salivary levels of cortisol, sleep duration, 
and blood lactate during submaximal running tests (SRT) 
in young athletes during their training and competition 
seasons. Our main hypothesis was that nocturnal HRV 
exhibits a negative relationship to salivary cortisol levels 
in the morning. We also hypothesized that a decrease in 
sleep duration alone or in combination with more intense 
and prolonged training reduces nocturnal HRV and 
elevates morning cortisol levels. 

 
Methods 
 
Participants 
Eight well-trained young endurance athletes participated in 
this study. The participants were all athletes at a sports 
academy high school competing and training for cross-
country skiing (6 subjects) or biathlon (2 subjects) year 
round and participating at the national level. 
Characteristics of the athletes are presented in Table 1. All 
subjects were fully informed of the study procedures and 
gave written consent to participate in the project. The ethics 
committee of the University of Jyväskylä, Finland, 
approved the study and the measurements were performed 
in accordance with the declaration of Helsinki. 
 
Study Design 
This study was performed during a 7-week period 
(November-December) that involved both a training (T1) 
and early competition (T2) training phase. ANS state was 

assessed with  nocturnal  HRV  analysis, collected using a 
ballistiocardiographic (BCG) sleep-tracking device (Emfit 
QS, Jyväskylä, Finland). Additional assessment tests 
occurred on four separate occasions: twice during the 
training season (weeks 1, 3; T1) and twice during the 
competition season (weeks 5, 7; T2). During each test 
week, subjects participated in SRT and saliva samples were 
collected for three consecutive days; one day before SRT, 
the test day and one day after SRT. Athletes recorded their 
own individual training plans during this time and training 
characteristics (easy training, hard training and training 
load) were evaluated via electronic training diaries. Body 
fat percentage was measured using the bioimpedance 
method (InBody 720, Inbody CO., Cerritos, California, 
USA) in the beginning of the training period. 
 
Table 1. Characteristics of the subjects (means ± SD). 

 Women (n = 5) Men (n = 3)
Age (yrs) 16 ± 1 16 ± 1
Body mass (kg) 58 ± 5 67 ± 5
Body fat (%)a 16.2 ± 8.8 14.5 ± 11.1
Training hours (y)b 500 ± 76 600 ± 71

a Assessed on the basis of bioimpedence measurements.  
b recorded in electronic training diaries. 
 
HRV and Sleep Analysis 
Previous research has demonstrated that determination of 
HRV on the basis of BCG is both accurate and reliable 
(Shin et al., 2011; Wang et al., 2015). The Emfit QS device 
(EMFIT QS, Emfit OY, Jyväskylä, Finland) consists of a 
contactless pressure sensor (542mm x 70mm x 1.4mm) that 
utilizes BCG to interpret repeated movements of the human 
body, such as heartbeat, by representing them graphically 
(Pinheiro et al., 2010). Evaluation of this device during one 
night of sleep under real-life conditions revealed good 
agreement with the measurements provided by a reference 
device that employs electrocardiography and has been 
validated in laboratory studies, with only very minor 
differences in the mean HR and HRV values obtained 
(Vesterinen et al., 2020). Thus, although the reliability of 
this device for monitoring these parameters during sleep 
has yet to be established, it would appear to provide a 
simple and effective tool for automatic daily analysis of 
HRV. 

Therefore, the time spent sleeping, nature of the 
sleep, and associated HR and HRV were monitored with 
an Emfit QS device for 7 weeks here. To minimize the 
distance to the heart and thereby maximize signal quality, 
this device was placed under the mattress near the chest in 
a manner such that the subject was unaware of its presence. 
The device began to record automatically at a sampling rate 
of 100 Hz when it sensed body weight and continued 
throughout the night, stopping when the subject got out of 
bed in the morning. 

This monitoring of nocturnal HRV and HR was 
collected in continuous 3-minute periods and data from 
periods in which the signal was poor and/or disrupted was 
excluded. The magnitude of the HRV is expressed relative 
to time, utilizing the root-mean-squared difference 
between successive RR intervals (RMSSD, ms). For this 
purpose, the average RMSSD for each 3-minute period was 
calculated and these averages used to visualize the 
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nocturnal HRV values graphically (Figure 1). The 
endpoints of the best linear fit for each night were 
considered to be the       average RMSSD values for evening 
and morning sleep and the latter taken to be the HRV 
RMSSD value (HRVNOC) during that night of sleep. 
Although previously the average 3-minute values for the 
entire night have been used to calculate this value 
(Vesterinen et al., 2020), the current investigation focused 
on an individual’s current state of recovery and readiness 
to train, so the morning value was considered to be more 
relevant. For monitoring sleep patterns outside the 
laboratory, wrist actigraphy is the approach most widely 
used and best validated (Van De Water et al., 2011), but, at 
the same time, devices incorporated into the bed are highly 
convenient. These eliminate the need for attachment of 
electrodes or sensors to the body, providing a valuable 
option for longer-term monitoring of sleep at home. Such 
devices identify the different classes of sleep, as well as 
periods of wakefulness, with good accuracy (Yi et al., 
2019).  

 
 

 

 
 

Figure 1. A representative example of the 3-minute sampling 
of the root mean square of successive differences between RR 
intervals (RMSSD) for heart rate variability (HRV) during 
sleep. The line shows the best fit used to calculate nocturnal 
HRV (HRVNOC). 
 

The sleep duration and HRVNOC values analyzed 
here are presented automatically on the user interface of the 
Emfit QS device, providing easy daily access to both 
coaches and athletes. These values were also calculated as 
3-day averages for comparison with cortisol values and the 
periods of SRT testing. 
 
Cortisol analysis 
Cortisol levels were analyzed from morning saliva 
samples. At the beginning of the testing period, all subjects 
were instructed on how to handle and collect the saliva 
samples. Collection occurred immediately after waking up 
before eating, drinking or brushing teeth. The passive 
drool-method was used for saliva collection and small cups 
were provided so that subjects could take 100 mL of water 
to wash out their mouth before collecting the sample. 
Subjects were asked to provide at least 3 mL of saliva for 
each sample as well as record the date, the time of day and 
how long it took to complete the procedure. Saliva samples 
were taken on 3 consecutive days, allowing for a sample 
the day before, the day of and one day after the SRT 
measurements occurred. Saliva samples were immediately  
Placed  into  subjects’ freezers and  collected  every other  

week throughout the testing period. 
Saliva samples were analyzed using the chemilumi- 

nescence method with the IMMULITE 2000 XPi Analyzer 
(Siemens Healthcare Diagnostics Products Ltd., Glyn 
Rhonwy, Llanberis, UK). The sensitivity of the saliva          
assay for cortisol was 5.5 nmol/l with inter-assay precision 
8.2 % at 12.5 nmol/l. This method provides a noninvasive, 
easily repeatable and practical way to assess the cortisol 
response. Saliva cortisol values were analyzed in 3-day 
average values to coincide with the HRV values and SRT 
testing periods. 
 
Training analysis 
Individual training plans were followed throughout the 
testing period. Subjects were asked to write down all 
training sessions daily including the intensity, duration and 
exercise mode in their electronic training diaries 
(elogger.net, Espoo, Finland). Subjects had participated in 
prior maximal graded exercise tests that provided 
individually determined heart rate zones to guide training 
intensity on a daily basis with their individual heart rate 
monitors. Endurance training intensities were based on a 5-
zone training distribution with zone 1 and 2 representing 
basic training (estimated: ≤ 2 mM blood lactate) and zone 
3-5 representing all high intensity training. Training was 
analyzed according to the electronic training diaries. Easy 
training (zone 1 and 2) was defined as all training below 
aerobic threshold (K1, minutes) and hard training (zone 3-
5) was defined as all training above aerobic threshold (K2). 
Weekly distribution of specific training modes for K1 and 
K2 training during the 7-week testing period are presented 
in Figure 2. Training load was quantified using a modified 
version of Lucia’s simplified TRIMP system (Anta and 
Esteve-Lanao, 2011). Training load was calculated with the 
following equation: 

TL = 1 x K1 + 2.5 x K2 
TL = training load, K1 = time training under aerobic threshold, 
K2 = time training at/above aerobic threshold. Training values 
were expressed in minutes. The training load, K1 and K2 were 
calculated to determine weekly values and three-day average 
values when STR and cortisol measurements occurred. 

 

Submaximal Running Test 
The SRT was 16-minutes in length and included 4 stages. 
Tests were performed on a Tunturi GO Run 50 Treadmill 
(Tunturi Fitness, Flevoland, Netherlands). The SRT was 
standardized for speed (women: 10 km/h, men: 11.7 km/h) 
with inclination increasing every 4 minutes, starting at 2%, 
then 4%, 7%, and 9%. One familiarization SRT was 
conducted so that all subjects were familiar with the test 
protocol. The SRT used in this study was designed for 
junior cross-country skiers and biathletes. Although we do 
not have validation of this protocol, it is a classic method 
used as a control test by athletes and coaches in Finland. 
Due to the homogenous group, the standardized protocol 
was appropriate and submaximal intensities were reached 
for all subjects. Heart rate (HR) was monitored with a HR-
monitor (Polar V800, Polar Electro Oy, Kempele, Finland) 
and HR values were recorded when 15 s of each load 
remained. Subjects briefly stopped running and blood 
samples (20 µL) were taken from the fingertip every 4 
minutes to determine blood lactate concentrations (Biosen 
C_line Lactate Analyzer. EKF Diagnostic, Magdeburg, 
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Germany). Sample collection time (approx. 15 s) was 
included in the 4 minutes of upcoming stage. 
 
Statistical Analysis 
All statistical analyses were performed in the SPSS for  
Windows software (IBM SPSS Statistics 24 (SPSS, Inc., 
Chicago, IL, USA)). Since the number of subjects was 
small, Friedman’s non-parametric test for related samples 
was applied to analyze changes in training, HRV and 
salivary cortisol levels. Post-hoc analyses were performed 
with the Wilcox signed rank test. Spearman’s correlation 

coefficient was used to determine the relationship between 
3-day average HRV and cortisol levels, as well as between 
HRV, sleep duration, cortisol levels and training 
characteristics. In addition, the relative changes in HRV, 
cortisol levels, sleep, SRT and training characteristics from 
week to week were also investigated using Spearman’s 
correlation coefficient. All values of HRV, sleep duration 
and cortisol level utilized were 3-day averages, whereas 
weekly averages were employed in the case of SRT and 
training characteristics. All values shown are means ± SD 
and statistical significance defined as p < 0.05.  

 
 

 
 

Figure 3. Average individual 3-day values for the root mean square of successive differences between RR intervals (RMSSD) 
and morning salivary levels of cortisol at different time-points during the 7-week study. 
 
 

 
 

 

 
 

Figure 2. Graphs A and B represent the weekly distribution 
of exercise training modes for easy (K1) and hard (K2) 
training during all weeks of testing. 
 
Results 
 
During all weeks of testing, HRV and salivary levels of 
cortisol were inversely related. Although the inter-
individual differences were pronounced (Figure 3), the 

highest HRV and lowest level of cortisol were observed 
during week 5. 
 

Relationships between HRV, Cortisol levels, sleep and 
training 
Average values for HRV, levels of cortisol, sleep and 
weekly training values are shown in Table 2.  Weekly 
correlations between these parameters are shown in Table 
3. Figure 4 is a scatter plot of the relationship between 
HRV and cortisol during all weeks of testing combined. 
Figure 5 shows average daily values of HRV and cortisol 
throughout the testing period. 

As can be seen, the most pronounced correlation 
between HRV and morning cortisol levels was observed 
during week 1 and week 7 (r = -0.833, p < 0.05) (Table 3). 
The HRV values were significantly different between week 
1 and week 3 (p < 0.05) and between week 5 and week 7 
(p < 0.05). In addition, sleep and nocturnal sleep HR were 
both significantly different between week 1 and week 7 (p 
< 0.05) (Table 2). Differences between test weeks for 
cortisol and training values were not significant. 

Throughout the training period (T1, weeks 1-3), a 
negative correlation was observed for relative changes in 
cortisol levels and sleep (r = -0.762, p < 0.05). The same 
relationship was demonstrated for K2 and sleep (week 1-3, 
r = -0.762, p < 0.05). During the shift from the training to 
the early competition season (week 3-5), cortisol displayed 
a positive relationship with K2 (r = 0.810, p < 0.05). When 
looking at HRV, a positive relationship was displayed for 
relative changes from week 5 to week 7 with sleep (r = 
0.786, p < 05) and a negative relationship was observed for 
differences between weeks 1-7 (r = -0.714, p < 0.05) with 
sleep HR. In addition, the relative changes in K2 and HRV 
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showed a positive correlation weeks 3-7 (r = 0.736, p < 
0.05)  and  the  same  pattern  was  observed  for  relative  
changes in HRV and TL (week 3-7, r = 0.810, p < 0.05). 

 

Associations between cortisol levels, training, and heart 
rate and levels of blood lactate during Submaximal 
Running Tests (SRT) 
Cortisol’s response to changes in SRT varied throughout 
the testing period. Relative differences in week 3-5 
demonstrated a negative relationship to both HR (r = -
0.929, p < 0.01) and blood lactate (r = -0.857, p < 0.05). 
However, during the end of the testing period (week 5-7),  

the differences between cortisol levels displayed a positive 
relationship with the changes in the SRT HR values (r= 
0.929, p < 0.01). In addition, a negative relationship 
between blood lactate and cortisol was observed during 
week 7 (r = -0.714, p < 0.05). 

Monitoring of the distribution of training revealed 
that volume of K2 was the highest during week 3, while K1 
and training load were both greatest during week 5, i.e., at 
the beginning of the competition season (Table 2). 
Distribution of training modes for K1 and K2 throughout 
the testing period can be viewed in Figure 2.

 
Table 2. HRV, morning salivary levels of cortisol, nocturnal heart rate and sleep, amounts of hard and easy 
training, overall training load, and blood level of lactate and heart rate during submaximal running tests (SRT) 
at different time-points during the 7-week study period (means ± SD). 

 T1, week 1 T1, week 3 T2, week 5 T2, week 7 
RMSSD (ms)a 66.9 ± 17.8 75.0 ± 17.0* 75.6 ± 28.7 67.0 ± 24.8* 
Cortisol (µg/L)a 6.7 ± 2.5 6.3 ± 3.1 5.6 ± 2.0 7.0 ± 2.4 
Hard training (min)b 44 ± 30 64 ± 28 45 ± 17 53 ± 14* 
Easy training (min)b 508 ± 190 555 ± 151 743 ± 251 577 ± 136 
Training loadb 616 ± 246 714 ± 209 856 ± 283 710 ± 132* 
Blood lactate (mmol/L)c 3.8 ± 1.0 3.6 ± 0.6 3.5 ± 0.6 3.7 ± 1.1 
Heart rate (bpm)c 183 ± 6 184 ± 8 180 ± 9 182 ± 9 
Sleep (min)a 482 ± 29** 513 ± 36 513 ± 52 527 ± 44 
Nocturnal heart rate (bpm)a 58 ± 5** 55 ± 4 55 ± 3 54 ± 5 

a Average 3-day values for the nocturnal root mean square of successive differences between RR intervals (RMSSD), 
nocturnal heart rate, night sleep and saliva levels of cortisol. b Weekly values. c Average during the final stage of the 
SRT. * p < 0.05 compared to the previous week.  ** p < 0.05 when compared to week 7.   
 

Table 3. Relationships (Spearman’s correlations) between HRVNOC and morning salivary level of cortisol, the amounts 
of hard and easy training, and overall training load during the different weeks of the study.  

Week Cortisol (µg/L) Hard training (min) Easy training (min) Training load 
1 -0.833* -0.287 -0.071 -0.095 
2 -0.238 -0.036 -0.048 -0.132 
3 -0.524 0.024 -0.238 -0.143 
4 -0.833* -0.571 -0.264 -0.143 

                     * p < 0.05   
 

 

 
 

 
 

Figure 4. Graphs A and B represent the weekly distribution of exercise training modes for easy 
(K1) and hard (K2) training during all weeks of testing. 
 

Discussion 
 
The major findings of the current investigation were as 
follows: 1) HRVNOC and salivary cortisol correlated 
significantly during test weeks that displayed the lowest 
HRVNOC and highest salivary cortisol levels. 2) The decline 
in HRV from week 3 to week 7 was correlated with a 
reduced volume of intense training/training load, 
suggesting that this decline was not due to training stress, 

but rather the increase in fatigue/stress associated with the 
beginning of the competition period. 3) When the athletes 
were focused on training (weeks 1-3), the change in sleep 
duration was negatively correlated to both K2 and salivary 
cortisol levels, indicating that a reduction in the amount of 
sleep may be associated with elevated weekly strain. 
Finally, 4) although the  amount of easy training and 
training load increased, a reduction  in  the volume of hard  
training  is  reflected   in salivary   cortisol  levels  with  a 
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Figure 5. Daily values for the average root mean square of successive differences between RR intervals (RMSSD, 
ms) and morning salivary level of cortisol during the 7-week testing period. 

 
positive relationship between changes in K2 and cortisol 
during weeks 3-5. Thus, young endurance athletes appear 
to handle large amounts of easy training when the volume 
of hard training is reduced.   

During the 7-week study period, HRVNOC and 
cortisol displayed a negative relationship (Figure 4). When 
observing each test week separately, we found strong 
negative correlations between HRVNOC and cortisol during 
week 1 and 7 and moderate negative correlations for all 
remaining test weeks (Table 3). This indicates that cortisol 
and HRVNOC have a negative relationship for young 
endurance athletes. 

The evaluation of three-day nocturnal RMSSD for 
the HRV analysis used in the current study is based on 
previous findings. Although daytime recordings are 
commonly used, it has been suggested that night readings 
enhance reliability since external factors are no longer 
affecting an individual during sleep (Pichot et al., 2000; 
Buchheit et al., 2004; Nummela et al., 2010). Earlier 
research has found that the time domain variable (RMSSD) 
has shown similar recovery times and changes to the 
commonly used high-frequency variables of HRV (Hautala 
et al., 2001; Carter et al., 2003), indicating RMSSD 
effectively evaluates change in autonomic regulation. 
Additionally, RMSSD measures have shown a high 
correlation to the high-frequency variability (Otzenberger 
et al., 1998; Esco et al., 2018) with various breathing 
frequencies having minimal effects on RMSSD values 
(Electrophysiology, 1996). Moreover, similar 
ballistocardiographic-based measures of nocturnal HRV 
have been compared to electrocardiographic measures and 
results showed that both HRV and HR data agreed with 
electrocardiography data that was also tested in real-life 
conditions (Vesterinen et al., 2020). These findings support 
the idea that HRVNOC may be a useful method to evaluate 
individual response for endurance training. Daily (Hautala 
et al., 2001; Carter et al., 2003; Kiviniemi et al., 2007; 

Hynynen et al., 2010; Herzig et al., 2017) and weekly HRV 
(Pichot et al., 2000; Nummela et al., 2010) values, which 
are both responsive to training, are commonly analyzed. 
However, since daily measurements can be influenced by 
pronounced diurnal variations, weekly averages may 
provide a better indication of adaptation to training and are 
recommended for use (Plews et al., 2013). At the same 
time, utilizing the combined values for nocturnal and 
morning HRV over several days instead of weekly values 
provides a better measure of rapid responses by the 
autonomic nervous system (Nuuttila et al., 2017). 
Additionally, although several studies found no sex 
differences in resting HRV values response to training of 
cross-country skiers (Hedelin et al., 2000, Schäfer et al., 
2015), the averaging of several HRV values may help 
diminish the effect of individual confounders, such as 
gender, on HRV (Schäfer et al., 2015).  Therefore, we 
analyzed the nocturnal morning RMSSD for three 
successive days, an approach that does not require special 
software and involves calculations that can be made easily, 
allowing its use not only in the laboratory, but in real life 
as well (Hynynen et al., 2010). 

One important factor that may influence the daily 
changes in HRV values as well as the current state of 
recovery is sleep (Shinar et al., 2006). Sleep and overall 
levels of fatigue are highly interconnected, and sleep 
appears to have a critical role in the daily functioning 
during the adolescent years (Brand and Kirov, 2011). Sleep 
duration is a frequently and easily investigated measure for 
overall health and recommendations suggest that 
adolescents (13-18 years of age) should obtain 8-10 hours 
of sleep each night (Paruthi et al., 2016). In addition, 
athletes are advised to obtain additional sleep and ample 
research has reported the detrimental effects of sleep loss 
on human performance; demonstrating sleep is a valuable 
factor to observe in athletes (Fullagar et al., 2015; Simpson 
et al., 2017). Although monitored each night, sleep was not 
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controlled during this study. Therefore, personal 
commitments (i.e. socializing, studying) and individual 
sleeping habits likely influenced the relationships between 
sleep and other investigated variables. 

Previous  research  has  discovered  that  even elite 
athletes are often unable to obtain the recommended 
amount of sleep (Roberts et al., 2019) with a recent review 
finding greater deficiencies in athletes’ sleep during 
competition periods (O’Donnell et al., 2018). Our findings 
differ from this tendency, with the greatest volume of sleep 
occurring during the competition period (Table 2). 
Additionally, the sleep duration during this study 
consistently remained within the recommended 8-10 hours. 
Although the quality of sleep was not monitored, previous 
research with young gymnasts found the overall quality of 
sleep was unaffected during a competition period (Sartor et 
al., 2017). Therefore, the positive correlation between 
changes in sleep and HRVNOC observed during the 
competition period (r = 0.786) indicates that individuals 
who obtained more sleep may have also experienced an 
enhanced recovery. 

During this 7-week training period, training 
characteristics had a mixed effect on HRVNOC . Previous 
research has found conflicting responses with increases, 
decreases and no changes in HRV all occurring with an 
increased training load (Pichot et al., 2000; Hautala et al., 
2001; Carter et al., 2003; Hynynen et al., 2010). It is 
evident that the exact mechanisms behind the effects of 
endurance training on HRV are not well-defined (Herzig et 
al., 2017). Moderate amounts of exercise have been shown 
to enhance vagal-related HRV indexes (Buchheit et al., 
2004). Thus, the increase in HRVNOC from week 1 to week 
3, when physical training increased, supports this previous 
finding. Moreover, HRVNOC was the highest, during week 
5, when training load also reached its highest values, 
indicating there was a good tolerance to the present training 
stimulus. However, we found that the changes from week 
3 to week 7 showed a positive correlation with decreases 
in volume of hard training, training load and HRV. 
Previous research found a decrease in nocturnal HRV 
values after both moderate and heavy endurance training 
sessions (Hynynen et al., 2010). Additionally, a 
progressive decrease in HRV values were found following 
a 3-week period of intensive training (Pichot et al., 2000). 
In the present study, the volume of hard training and 
training load were reduced, indicating that the decrease in 
HRVNOC was not associated to current training induced 
stress. Since the period of training analyzed in this study 
occurred during the initial phase of competition, all 
subjects also had the common goal of preparing for the 
early stage of their competition season. Therefore, as a 
group, weekly training followed similar and expected 
training programs with an intentional increase in ski-
specific training throughout the study to reduce training 
stress as competitions approached. Similar to physical 
stress (physical work, fatigue, dietary stress), physiological 
stress (emotional, anxiety, cognitive), such as anticipatory 
stress, may have increased during the competition phase 
due to race-induced pressure and mental preparations that 
occur prior to competition. An independent measure of 
anxiety was not included in this study; as a result, although  

it appears, it is hard to identify if the alterations in HRVNOC 
and cortisol were induced by competition stress. 
Nevertheless, previous research has shown that acute 
stress, due to an anticipatory task, had an impact on HRV 
during sleep and was associated with a decreased 
parasympathetic modulation, and therefore, resulted in 
lower HRV values (Hall et al., 2004), further supporting 
our current finding. 

Salivary cortisol levels are frequently used as a 
biomarker of psychological stress and have shown a 
moderate association to perceived stress (Hellhammer et 
al., 2009). Previous literature has investigated salivary 
cortisol level’s response to exercise and found cortisol only 
significantly increased after high-intensity exercise with no 
changes occurring after low and moderate exercise 
(VanBruggen et al., 2011). Additionally, when 
investigating cortisol levels in over-trained and control 
athletes no significant differences between groups were 
found (Hynynen et al., 2006). Furthermore, both baseline 
and response to training cortisol levels are influenced by 
genetics (Feitosa et al., 2002) so individual variation has an 
added effect on cortisol values. In the present study, 
changes during week 3 to week 5 showed that salivary 
cortisol appeared to respond to the reduced volume of hard 
training by demonstrating a positive correlation (r = 0.810). 
The fact that week 5 included the highest amount of 
physical training and lowest salivary cortisol levels 
suggests that young athletes appear to handle large 
volumes of easy training and high training loads as long as 
the amount of hard training is reduced (Table 3). This 
current finding supports previous research that found, an 
increase of low-intensity training, equivalent to about 
100% increase in training load, showed no changes in 
cortisol, although decreased performance occurred 
(Jürimäe et al., 2004). Our study displayed the greatest 
increase in cortisol from week 5 to week 7, during the early 
competition period, suggesting changes in salivary cortisol 
may be more related to the early season race schedule 
rather than amount of hard training. During week 6, the 
competition season began with 7/8 subjects participating in 
their first race. Therefore, when interpreting cortisol 
results, the stress from racing is an important factor to 
consider. Previous research has found an increase in 
morning and afternoon salivary cortisol levels during a 
competition day, regardless of similar training volume and 
intensity, indicating competition may alter the physiology 
of stress-related hormones (Iellamo et al., 2003). 

In addition, a decrease in sleep quality and duration 
has been associated with raised cortisol concentrations as 
well as an increase in activity of the sympathetic nervous 
system (Spiegel et al., 1999). In the present study, the 
training stimulus and sleep duration remained similar each 
week; therefore, our findings support the idea that 
competition stress may have increased morning cortisol 
levels. However, the cortisol values presented in our study 
were not collected on race day, so it is hard to know if a 
competition-induced stress was still present. The analysis 
of 3-day average salivary cortisol levels used in the present 
study shifts the focus to the total stress that was occurring 
each week rather than the stress response of an individual 
competition. When the subjects were focused on training 
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(week 1 to week 3), changes in sleep duration revealed a 
negative relationship with both K2 and cortisol, proposing 
a decrease in sleep may be associated to an increased 
amount of weekly strain. This agrees with findings that 
found high intensity training negatively affected both 
subjective sleep parameters and recovery-related ratings 
(Kölling et al., 2016). 

Furthermore, in endurance sports, the 
parasympathetic form of overtraining syndrome often 
dominates (Lehmann et al., 1993). Therefore, the increase 
in physical training during week 5, followed by the 
competition stress during week 6, may have resulted in a 
delayed fatiguing affect that was displayed during week 7. 
Pro-longed stress causes an increase in cortisol as well a 
decrease parasympathetic activity (McEwen, 2007) which 
may explain why an increase in cortisol was found as well 
as a decrease in HRV during week 7. Additionally, an anti-
inflammatory process occurs due to training as well as 
muscle damage. Therefore, the elevation of cortisol may be 
associated to the greater training volume during week 5 or 
a result of a maximal race effort causing added stress and 
increased stimulation of glycogen re-synthesis (Kirwan et 
al., 1998). 

In the present study, performance/recovery status 
was followed with SRT. As illustrated in Figure 2, running 
is a common exercise mode in both hard and easy training; 
therefore, a SRT was applicable for monitoring fatigue 
with this group of subjects. The easily repeatable design 
(based on speed and inclination) of this testing protocol 
provides a test that can be conducted in various training 
environments, such as at training camps or after long 
travels, to help athletes and coaches determine current 
levels of fatigue. Although the lack of individualized 
exercise intensities may reduce the reliability of the test, 
the repeated design provides valuable heart rate and lactate 
data at standardized exercise intensities during the 7-week 
period and significant changes in this data would indicate 
that levels of fatigue should be further investigated. 
Previous literature supports the application of submaximal 
tests for monitoring and predicting performance (Lamberts 
et al., 2004), but details the importance of implementing 
multiple variables so adequate insight of individual status 
is applied when interpreting results (Capostagno et al., 
2016). As a result, we investigated the relationships 
between SRT heart rate, SRT blood lactate, morning 
salivary cortisol, HRVNOC, and physical training. During 
controlled submaximal intensities, HR has shown to 
remain constant with the lowest variation occurring at 90% 
HRmax values (Lamberts et al., 2004). In the current study, 
changes of SRT heart rate (around 90% VO2max) between 
week 5 and 7 displayed a strong relationship with changes 
in cortisol (r = 0.929). Cortisol demonstrated an additional 
relationship between week 3 and 7 with a negative 
correlation to changes in SRT heart rate (r = -0.929) and 
blood lactate (r = -0.857). Common assumptions about 
changes in HR at submaximal intensities suggest that an 
increase in aerobic fitness is linked to decreases in HR, 
while increases in HR are associated with a decline in 
fitness, dehydration or overtraining (Lamberts et al., 2004). 
Earlier research additionally suggests reduced submaximal 
HR is only a sign of effective endurance training when no 

decline in maximal performance is present (Hedelin et al., 
2000). Therefore, without maximal HR values it is hard to 
evaluate the relationship between SRT HR and resting 
cortisol values, which also have mixed results. In addition, 
in order to detect significant changes in SRT, it is 
recommended that the HR values are approximately 7 bpm 
different at 90% HRmax workload (Lamberts et al., 2004) 
and therefore, fluctuations during the present study were 
too small to interpret any training induced changes. 

Since variation in response to training stress is an 
apparent difference, it is logical to assume that monitoring 
variables, such as HRV, that also have an individualized 
response to training stress would be beneficial for 
optimizing performance. Research has investigated the 
response to endurance training and numerous factors have 
helped explain these differences such as, genotype, training 
background, gender, age, training load, etc (Carter et al., 
2003; Buchheit et al., 2004; Nummela et al., 2010). In 
addition, large differences were observed despite 
prescribing the same amount of volume and modifying 
intensity training individually (Nummela et al., 2010). 
During this study, although physical training was not 
standardized, comparable training occurred due to group 
training and competition schedules. Present findings 
showed similar weekly trends for both HRV and cortisol 
but individual differences were high, agreeing with 
previous findings (Figure 3). Due to this high intra-
individuality, previous research has investigated and 
implemented HRV-guided training into endurance training 
programs. HRV-guided training resulted in a lower 
frequency of high-intensity exercises and therefore, a 
decreased training load (Kiviniemi et al., 2007). When the 
timing and amount of high intensity exercise is adjusted, a 
slight change in the training periodization occurs. A large 
training focus for young endurance athletes is building 
their aerobic capacity and an improved endurance comes 
from accumulated years of effective training. As a result, 
further research should follow the long-term effects on 
HRV and endurance training before implementing a HRV-
guided approach to training in young athletes. 
 
Limitations 
Limitations of this study may have occurred due to the 
small sample size and the grouping of both genders, as well 
as the decreased standardization due to the collections of 
nocturnal HRV, sleep duration and morning cortisol values 
occurring at home. There may be various factors such as 
poor or disrupted sleep that are not associated to training 
but still affect morning cortisol and HRV values. 
Additionally, the assessment of physical training and 
training load came from self-accessed training diaries; 
therefore, they were solely based on subjective estimations 
of the training-induced stress that was occurring during this 
period. Finally, our subjects’ level of psycho-physiological 
stress may have risen when the period of competition 
began, due, e.g., to the pressure to perform well. This 
potential change was not evaluated independently and may 
have influenced the HRV, sleep duration and saliva cortisol 
levels. However, autonomic stress reactions do not differ 
between the source of stress, and most likely, the greatest 
influence is the overall stress/recovery balance. 
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Practical applications 
Young athletes are in a developmental period and 
therefore, may display a greater sensitivity to stress 
(McEwen, 2007). Application of HRV values to monitor 
training could identify better-individualized training 
profiles (Nummela et al., 2010). This would be valuable 
information for coaches and athletes and when no access to 
laboratory settings is required, it can be used daily as well 
as at training camps where training load increases. Thus, 
our findings suggest three-day average HRV values may 
provide an accurate representation of young athletes’ 
current recovery status of the autonomic nervous system 
and would be a beneficial value to follow during the high 
stress training and competition periods. 

In addition, it appears sleep is another tool that 
could be utilized to further facilitate success in young 
athletes. Although we did not examine sleep quality or the 
circadian rhythm of sleep in detail, our findings on sleep 
duration provide insights of potential value to many 
athletes. Our findings provide support for previous 
suggestions that improved awareness of the negative 
consequences of sub-optimal sleep, in particular between 
races during the season of competition, can help athletes 
optimize their training (Simpson et al., 2017). During the 
period of competition, the weekly training load becomes 
slightly more constant in order to maximize preparation for 
important competitions. As a result, daily stress often 
increases and, therefore, young endurance athletes may 
benefit from additional sleep during this period. 

 
Conclusion 
 
In conclusion, the present study shows that nocturnal HRV 
appears to correlate negatively with salivary levels of 
cortisol in young endurance athletes. Coaches and athletes 
should be aware that as the training season ended, the 
decline in physical training correlated to the decrease in 
HRV, suggesting more time is needed to reach full 
recovery once the competition season has begun. This 
indication that full recovery from competition requires 
more time is supported further by the positive relationship 
between sleep duration and HRV during the competition 
season which implies additional sleep may also be 
beneficial for performance. In addition, changes in cortisol 
during the competition season suggest that an increased 
stress occurs but whether this stress is specific to 
competition is still unknown. Future research should be 
designed to determine which specific variables best reflect 
recovery and should be utilized to monitor this aspect of 
training. Additional focus should also be placed on 
determining what variables and changes are most closely 
associated with improved performance, so that further 
characterization of these patterns and variables can help 
young athletes improve their performance.  
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Key points 
 
 Nocturnal HRV appears to correlate with salivary levels 

of cortisol in young endurance athletes. 
 Recovery during the competition season, despite a 

decrease in physical training, may require additional time. 
 Throughout the race season, young athletes may benefit 

from increased sleep. 
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