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Abstract

The assessment of heart rate variability (HRV) upon waking has been proposed as a method to evaluate mental health;
however, owing to large individual differences among athletes, it is unclear whether HRV is adequate to predict mental
health decline. In this study, we sought to establish this by evaluating HRV upon awakening in one athlete over 20 months.
We assessed mental health once a month by calculating the depression index. In addition, self-reported training load and
psychological fatigue index were assessed as psychological indices for athletes. Heart rate and HRV were each measured
three days per week in both resting (supine) and standing (upright) positions. The results showed that orthostatic HRV
upon waking had moderate linear relationships with the scores on the depression index and psychological fatigue index.
By contrast, self-reported training load, a measure of physical stressor, was not associated with HRV. The findings sug-
gest that the repeated assessment of HRV upon waking and mental health indicators may be useful in preventing mental

health decline in athletes.
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Introduction

The intense mental and physical demands placed on elite
athletes may increase their susceptibility to decreasing
mental health and risk-taking behaviors (Hughes & Leavey,
2012), leading to low performance and physical health prob-
lems. In addition to physical and competitive stress, elite
athletes face unique stressors. These include public pressure
on mainstream and social media, mental strain from non-
competitive environments (such as academics or work), and
fear of early career termination due to injury or demotiva-
tion (Bruner et al., 2008; Fletcher & Wagstaff, 2009; Hanton
et al., 2005; Noblet & Gifford, 2002; Woodman & Hardy,
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2001). Assessing these physical and mental stressors may
help prevent low performance, decreased mental health,
burn-out, and drop-outs. However, these assessments vary
widely among individuals, and stressors and influencing
factors vary among individual athletes, indicating that the
optimal assessment index has not yet been established.

The main tool used to assess mental health and stress is a
questionnaire-based method to evaluate the degree of con-
gruence with one’s own psychological state. The advantage
of this method is that it provides information quickly. Con-
versely, psychological indicators are influenced by events
at the time of measurement (e.g., diet and training), and
thus transient mood can affect the results. In addition, ath-
letes may not accurately complete the questionnaire as the
results of mental health and stress measures may affect their
evaluation by their supervisors and coaches. Therefore, the
questionnaire-based evaluation alone may not accurately
assess an athlete’s state of stress. Furthermore, the degree of
stress is influenced by many individual differences, includ-
ing gender (Kaiseler et al., 2012; Nicholls et al., 2009), per-
sonality traits (Kaiseler et al., 2012), and mental toughness
(Kaiseler et al., 2009). To assess the impact of stress on ath-
letes, longitudinal tracking of changes in their mental health
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and additional non-psychological evaluation measures are
required.

Heart rate variability (HRV) assessment may be useful in
assessing the balance between physical and mental stress,
such as training load, to which athletes are subjected. HRV
is a physiological indicator of emotional regulation related
to mental health (Thayer et al., 2012). It can be measured
noninvasively using a heart rate monitor, which minimizes
the burden on the athlete and is effective for long-term
monitoring of stress (Fohr et al., 2017). HRV refers to the
variability of the interval between heartbeats and reflects
the autonomic regulation of the heart. Healthy individuals
are characterized by efficient autonomic mechanisms, high
adaptive capacity, and high HRV, while low HRV indicates
an abnormal autonomic nervous system and poor adapta-
tion, thus expressing physiological malfunction (Porges,
1992, 1995; Pumprla et al., 2002; Vanderlei et al., 2009).
Previous studies suggest that it is possible to predict declin-
ing mental health based on declining HRV (Chalmers et al.,
2014; Zou et al., 2018). Several studies have already exam-
ined the usefulness of HRV-based monitoring for athletes
(Egan-Shuttler et al., 2020; Morales et al., 2014; Rodrigues
etal., 2021), but most have used HRV as an indicator of the
amount of mental and physical stress on athletes. However,
there is little evidence that it is useful in predicting mental
health decline.

Therefore, the present study filled this gap in the litera-
ture by clarifying whether combining psychological indices
and HRV measurements upon waking could assess athletes’
mental health conditions. We examined whether HRV is
related to psychological and physical stressors such as train-
ing load. A case study of one top athlete was employed to
leave aside individual differences in stress factors, athletic
performance, and athletic events.

Methods
Participant

An elite international-level female wheel gymnastics ath-
lete (31 years old in 2022; competing for 13 years and
has competed in 10 World Championships, including one
championship and five prizes) participated in this project.
She reported being a non-smoker and declared no chronic
physical or mental health problems at the start of the study.
All procedures were approved by the Institutional Ethics
Committee of Utsunomiya University and were conducted
in accordance with the latest version of the Declaration of
Helsinki. The participant provided written informed consent
and approved the final version of this manuscript.
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Procedures

Data were collected throughout 20 months (January 2021 to
July 2022), covering competitive (two national wheel gym-
nastics competitions), intense training, and predominantly
resting phases. Psychological scales assessing mental health
were applied every month. Heart rate and HRV upon wak-
ing were measured three times each week.

HRV Measurements

Waking HRV was measured by Recovery Pro software
using the Polar H10 sensor and a Vantage V watch (Polar
Electro Oy, Kempele, Finland). Recovery Pro is a program
that measures heart rate and the root mean square of suc-
cessive differences (RMSSD) three times a week at rest and
standing up upon waking up. The average of the three data
sets was used for analysis as the measured heart rate and
RMSSD. The athlete went to bed wearing H10 on the chest
starting the night before the measurement day. Upon wak-
ing, she followed the expound instructions provided by Van-
tage V to perform the measurement. The data thus collected
were stored in Polar Flow from Vantage V. Polar Flow stores
average heart rate per minute and RMSSD, which were
retrieved and used for analysis in this study.

Psychological Measurements

As psychological scales, the participant completed the
Profile of Mood States 2nd Edition (POMS?2), the Kessler
Psychological Distress Scale-6 (K6), the Baron Depres-
sion Screener for Athletes (BDSA), the Sense of Coherence
(SOC) Scale, self-reported training load, and the Competi-
tion Stressor Scale.

POMS2

The POMS2 (Yokoyama & Watanabe, 2015) contains 35
items and evaluates seven mood states (anger-hostility,
confusion-bewilderment, depression-ejection, fatigue-iner-
tia, tension-anxiety, vigor-activity, and friendliness). In this
study, only the 10-item subset on vigor-activity and fatigue-
inertia was used to reduce the participant’s psychological
burden.

Ké

The Japanese version of the K6 scale was used (Furukawa et
al., 2008). This is a powerful screening scale for psychologi-
cal distress (Kessler et al., 2002). The respondent answered
six items rated on a five-point Likert scale, and responses
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were scored from O to 4. A higher total score corresponded
to worse mental health conditions.

SoC

The 13-item seven-point version of the SOC Scale
(Antonovsky, 1987) was employed. Each question was
rated on a scale from 1 (lowest) to 7 (highest), and the cod-
ing for items 1, 2, 3, 7, and 10 was reversed. SOC total
scores ranged from 13 to 91, with higher ones indicating a
greater SOC.

Self-Reported Training Load

Additionally, the self-reported training load was calculated
as the product of monthly training hours and training inten-
sity. An 11-point scale, starting from 0 to 10, was used to
measure the rate of perceived exertion (RPE) (Foster et al.,
2001). The adequacy of the self-reported training load was
confirmed by training time and training volume measured
with a heart rate monitor.

Competition Stressor Scale

To measure competitive stress, we used the Competition
Stressor Scale (Asanuma et al., 2015). This scale is com-
posed of 28 questions that record the frequency of stressors
over the past month, and each item is rated on a four-point
scale from 0 (“not at all”) to 3 (“very often”). It comprises
five factors, and the score range for each is as follows: “inter-
personal relationships,” 0-24 points; “competition results,”
0-9 points; “expectation and pressure from others,” 0-15
points; and “motivation loss,” 0-21 points. Higher scores
indicate higher stress levels.

BDSA

The BDSA is a 10-question self-report questionnaire that
addresses mood, sports-related anhedonia, weight loss,
fatigue, self-image, substance abuse, suicidality, and other
parameters over the past two weeks, and has been validated
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against the Beck Depressive Inventory (Baron et al., 2013;
Polat et al., 2015). The scale has no cut-off scores that auto-
matically suggest a diagnosis of major depressive disorder.
The items are scored on a three-point Likert scale (total
score ranges from 0 to 20, with a higher score represent-
ing more severe depressive symptoms). In this study, we
used the Japanese translation developed by a previous study
(Ojio et al., 2020).

Training Time and Volume

Training time and volume were measured using the Polar
H10 sensor and a Vantage V watch (Polar Electro Oy, Kem-
pele, Finland). Training volume was calculated by the Polar
flow web service based on training session intensity mea-
sured using heart rate and training time.

Statistical Analysis

All analyses were performed using R software (4.1.2) and
EZR (Easy R) on the R Commander package (Kanda, 2013).
To clarify the expected relationships between all parame-
ters, we measured the Pearson correlation coefficient. Cor-
relation coefficients were interpreted based on the following
criteria: r values between 0 and 0.3 indicated a weak linear
relationship, r values between 0.3 and 0.7 indicated a mod-
erate linear relationship, and r values between 0.7 and 1.0
indicated a strong linear relationship (Ratner, 2009).

Results
Training Load

The training time and training volume (calories) measured
with the heart rate monitor and the self-reported training
load during the measurement period are shown in Fig. 1.
Similar changes and strong positive linear relationships were
observed between them (training time and training calories:
r=.97; training time and self-reported training load: »=.88;
training calories and self-reported training load: »=.91).
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Psychological Parameters

Figure 2 displays the results for BDSA and K6, indices of
depression, POMS2, an index of vigor-activity and fatigue-
inertia, and SOC.

Figure 3 exhibits the results of stressors measured by
the Competition Stressor Scale; Expectations and pressure,
and Competition results were higher for each competition
entered.

Waking Heart Rate and HRV

Figure 4 presents the results of waking heart rate and
RMSSD. The waking lying-down heart rate and RMSSD
showed a strong negative linear relationship (r=-.71),
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Fig. 2 Psychological parameters

while the waking standing heart rate and RMSSD showed a
weak negative linear relationship (r=—.27).

Heart Rate Index and Psychological Performance

Heart rate upon waking had a weak negative linear relation-
ship with any psychological performance [waking resting
HR and K6 (r=—.02), fatigue-Inertia of POMS2 (r=—.07)
and vigor-activity of POMS2 (r=.09); waking standing
HR and K6 (r=.02), fatigue-Inertia of POMS2 (r=.14)
and vigor-activity of POMS2 (r=.05)]. However, waking
standing RMSSD had a moderate negative linear relation-
ship with K6 (r=—.54) and a moderate negative linear rela-
tionship with fatigue-Inertia of POMS2 (r=—.61) (Fig. 5).
Waking standing RMSSD had a weak negative linear rela-
tionship with vigor-activity of POMS2 (r=—.07). Waking
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Time series data of depression index ([A]BDSA [B]K6), [C] mood index (vigor-activity, fatigue-inertia of POMS2), and [D] sense of coherence.
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resting RMSSD had a weak negative linear relationship
with K6 (r=—.17) and fatigue-Inertia of POMS2 (r=—.10).

Discussion

Athletes are required to perform at a high level, and they
need to maintain athletic function as well as sound mental
health. However, most condition assessments focus only on
athletic performance and neglect mental health. This may

be because stressors and their effects on mental health are
greatly influenced by individuals’ athletic characteristics
and differences, making it difficult to reach a unanimous
view on an accurate evaluation index for mental health.
Therefore, in this study, we conducted a 20-month condition
assessment of one top wheel gymnastics athlete to clarify
whether such evaluation, combining HRV and psychologi-
cal measures, can predict mental health decline in athletes.
The results showed that orthostatic HRV upon waking had
moderate negative linear relationships with the results of

@ Springer



340

Applied Psychophysiology and Biofeedback (2023) 48:335-343

Fig. 5 Relationship between el
waking heart rate variability and '

mental health
Waking standing heart rate vari- 580
ability was negatively correlated e
with [A] K6, a depression index, aiio
and [B] POMS2, a fatigue index.

6
g

r=-54

0.00

RMSSD standing
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K6, a mental health index used to diagnose depression, and
with the fatigue index of POMS2; thus, it may be effective
in making predictions regarding mental health status. By
contrast, HRV only showed weak linear relationships with
the Competition Stressor Scale and self-reported training
load, and we did not find a stressor for HRV decline.

In the present study, waking standing RMSSD had a mod-
erate negative linear relationship with K6 and a moderate
negative linear relationship with fatigue-Inertia of POMS2.
Previous studies have reported that RMSSD decreases dur-
ing transient anxiety induction (Ritsert et al., 2022). The
moderate negative linear relationship between K6 and
RMSSD in the present study aligns with previous studies.
Notably, K6, which is used to screen for mental disorders
such as depression and anxiety disorders, showed the high-
est score of six points immediately after the World Champi-
onships (individual) in Time 19. The cut-off value of K6 was
five points, and scores above five indicated “psychological
distress” (when used for mood and anxiety disorders screen-
ing, detection sensitivity was 100.0%, and specificity was
68.7%; Sakurai et al., 2010). Therefore, a decline in mental
health was suspected before and after the World Champion-
ships (individual). In the POMS2, which confirmed mood
fluctuation, both vigor-activity and fatigue-inertia (POMS2)
showed fluctuation from Time 1 to 10 but were relatively
stable from Time 11 to 18 in the latter half of the month
and were stable for the World Championships held from
Time 18 to 19. Although high scores on K6 were recorded
at Time 19, vigor activity on POMS2 was also high. Only
a weak linear relationship was found between fatigue-iner-
tia on POMS?2 and training load (r=—.20), suggesting that
fatigue-inertia represents mental fatigue or malaise.

Subsequently, we examined whether HRV is related to
physical and mental stressors. The training load assessed
subjectively by the athlete showed a strong positive linear
relationship with the training time and calorie expenditure
measured with a heart rate monitor, confirming that their
subjective load and the actual training load were almost
identical. In addition, the training load increased in accor-
dance with the preparation for the World Championships
(individual) at Time 19. The results of this study, which
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showed similar changes in objective and subjective training
workload using heart rate monitors, suggest that the athlete
in this study could assess her training workload accurately.
However, the relationship between training load and waking
RMSSD [standing (»=.17)/resting (r=—.30)] was shown
to be a weak linear relationship. Regarding psychological
stressors, only Competition Results showed a large change,
suggesting that it was the main stressor for this athlete.
Conversely, Competition Results were relatively low imme-
diately before the competition and increased rapidly after-
ward, suggesting that this stressor fluctuated in response to
the results of a competition. However, this psychological
stressor showed only a weak linear relationship with wak-
ing HRV [resting (»=.07)/standing (»r=—.16)]. In addition,
Competition Results showed only a weak linear relation-
ship with BDSA (r=.10), K6 (r=—.04), suggesting that it is
unlikely that this stressor itself had a direct effect on match
performance or mental health. Although previous studies
have suggested that HRV is useful for quantifying training
load, such as a decrease in sleep after high-intensity exer-
cise (Hynynen et al., 2010), only a weak linear relationship
was found in the present study. HRV may also be influenced
by factors other than training. For example, it is known to
be influenced by a wide range of physiological, pathologi-
cal, neuropsychological, lifestyle, and environmental fac-
tors (Fatisson et al., 2016). A study on athletes suggests that
daily stress outside training may have affected RMSSD,
especially in those who failed to predict HRV variability due
to training stimuli (Williams et al., 2018). The management
of training load in athletes does not consider the amount of
training itself but rather the load during sports activity as
“a stimulus to a biological system composed of a complex
combination of physiological, psychological, and mechani-
cal stresses” (Soligard et al., 2016). These results suggest
that RMSSD during arousal may comprehensively indicate
training load (physical stressor) and mental stressor.
Finally, SOC only had a weak linear relationship with
waking RMSSD and mental health index [K6 (»=.02) and
fatigue (POMS2)(r=—.20)]. Previous cross-sectional stud-
ies examining the relationship between SOC and HRV have
reported significant positive correlations (Nasermoaddeli et



Applied Psychophysiology and Biofeedback (2023) 48:335-343

341

al., 2004). However, no study has examined the relationship
between SOC and HRV variation within individuals as in
this study, and this is the first finding of its kind. In addition,
higher SOC was reported to have a higher subjective qual-
ity of life, health, and well-being (Eriksson & Lindstrom,
2007), but no relationship was found for intraindividual
change in this study. The mean score for SOC was 72 points
(SD=5.21) and remained high throughout the 20 months,
although some fluctuations were observed. The score was
nearly 20 points higher than the baseline value of 54 points
(SD=12.2) for Japanese women aged 25-34 (Togari et al.,
2015), indicating that this athlete had a high stress-coping
ability. These results suggest that evaluating athletes’ men-
tal health and its influential factors is challenging using a
single psychological measure.

It is known that the stress response is largely regulated
by the autonomic nervous system and can be assessed by
measuring HRV (McEwen, 2007). It has been reported that
a decrease in HRV occurs in many psychiatric disorders
(Kemp & Quintana, 2013). Furthermore, meta-analyses
have reported that HRV can predict mortality and negative
physical and mental states, albeit in non-athletes (Jarczok
et al., 2022). These results suggest that HRV decline is
associated with mental health decline, suggesting that HRV
measurement in athletes may be useful in predicting mental
health decline that occurs during training. Notably, waking
HRYV was differentially associated with lower mental health
depending on how it was measured. Only a weak linear rela-
tionship was found between RMSSD during rest upon wak-
ing and RMSSD while standing upon waking, suggesting
that they are distinct condition indices. Although the former
showed only a weak linear relationship with psychological
indices, the latter showed moderate linear relationships with
K6 and POMS2 Fatigue scores, which are used to diagnose
depression, suggesting that the awake-standing HRV may
be useful in predicting mental health decline.

One limitation of this study is that it is a single case study
of one top wheel gymnastics athlete, so it is impossible to
say whether similar trends would be observed in all athletes.
In this study, we were concerned that individual differences
in the psychological index and HRV could lead to the dis-
covery of a false relationship between HRV and mental
health, and we sought to address this through a single long-
term case study of one top wheel gymnastics athlete. How-
ever, for example, in the case of endurance events, which
have been studied extensively and have different competi-
tion characteristics, the evaluation indices reflected by the
HRYV may differ. Therefore, studies that consider the charac-
teristics of the events are necessary. In addition, although it
was shown that resting HRV and standing HRV may reflect
different physiological responses, the difference between
the two indices has not yet been examined in practice and

should be studied in the future. Furthermore, although this
study was conducted during the coronavirus disease 2019
(COVID-19) pandemic, it did not account for the impact of
the pandemic. It has been suggested (World Health Organi-
zation, n.d.) that the COVID-19 pandemic may have had a
detrimental effect on mental health, including anxiety and
stress; however, higher SOC may have helped reduce the
degree of distress and stress during this period (Kase et al.,
2023). The SOC of the athlete in this study did not change
significantly during the measurement period, suggesting
that the impact of the pandemic was small and did not affect
the study results.

Conclusions

This study revealed that awake-standing HRYV is related to
depression and fatigue indices in athletes. The significance
of this study is that, over 20 months during the COVID-
19 pandemic period, we continuously measured HRV and
applied psychological scales to assess mental health in one
athlete. Although there have been many studies on condi-
tion assessment using waking HRV methods in endurance
events, few have reported scoring events, which is signifi-
cant. This study’s findings, including the POMS2 and K6
scores, which were found to be related to HRV in this study,
can be useful biomarkers for the prediction of precarious
mental health.
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