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Abstract

Relevance. The association between competitive anxiety and heart rate variability (HRV)
remains inconsistent, especially when athletes are evaluated outside the immediate pre-competi-
tion period.

Objective. To examine relationships between competitive anxiety and autonomic, respiratory,
and sensorimotor regulation in martial arts athletes during a non-competitive training phase.

Methods. Forty athletes (aged 16–27) who practice karate, kyokushin, wushu, or taekwondo
were assessed during regular training sessions. Competitive anxiety was measured using the
Competitive State Anxiety Inventory-2 (CSAI-2). Resting photoplethysmography (5-minutes,
seated) was recorded to calculate linear and nonlinear heart rate variability (HRV) indices,
as well as respiratory parameters. Sensorimotor performance was assessed using a battery of
visual-motor tasks. All variables were standardized using z-scores. Correlation analysis, k-means
clustering, and PERMANOVA were used for analysis.

Results. No significant correlations were found between anxiety subscales and autonomic
or sensorimotor indicators. Cluster analysis identified two psychological profiles: a group with
higher anxiety and lower confidence, and a more adaptive group with lower anxiety and higher
confidence. Although univariate differences did not reach statistical significance, the group with
higher anxiety showed consistent trends towards lower vagal activity (RMSSD, pNN50), reduced
abdominal respiratory amplitude, reduced autonomic complexity, and increased variability in
choice reaction time. Multivariate analysis suggested a trend towards differentiation of integrated
psychophysiological profiles (p=0.08).

Conclusion. In non-competitive conditions, anxiety was not related to individual physiological
markers, but rather reflected in integrated, multivariate configurations. These findings emphasize
the significance of multidimensional approaches in sports psychophysiology.

Keywords: competitive anxiety, martial arts athletes, heart rate variability (HRV), sensori-
motor functions, permutation-based multivariate test
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Аннотация

Актуальность. Связь между соревновательной тревожностью и показателями вариа-
бельности сердечного ритма (ВСР) неоднозначна, особенно если спортсменов оценивают за
пределами непосредственно предсоревновательного периода.

Цель. Изучить взаимосвязи соревновательной тревожности с автономной, дыхательной
и сенсомоторной регуляцией у спортсменов единоборств вне соревновательной ситуации.

Методы. Обследованы 40 спортсменов (16–27 лет), занимающихся каратэ, киокушин-
кай, ушу и тхэквондо. Тревожность оценивали по CSAI-2. В покое регистрировали фото-
плетизмограмму с расчетом линейных и нелинейных показателей ВСР, а также параметры
дыхания. Сенсомоторные функции оценивали по комплексу визуально-моторных тестов.
Данные были z-стандартизированы, применялись корреляционный анализ, кластеризация
k-means и PERMANOVA.

Результаты. Значимых корреляций между шкалами тревожности и автономными или
сенсомоторными показателями не выявлено. Кластерный анализ выделил две группы: с
более высокой тревожностью и сниженной уверенностью и с адаптивным психологическим
профилем. При отсутствии значимых однофакторных различий отмечена тенденция к
снижению вагусных индексов (RMSSD, pNN50), амплитуды абдоминального дыхания и
автономной сложности, а также к большей вариабельности сложной реакции в группе
с более высокой тревожностью. Многомерный анализ показал тенденцию к различию
интегральных психофизиологических профилей (p=0,08).

Заключение. Вне соревновательного контекста тревожность не связана с отдельными
физиологическими показателями, однако проявляется на уровне интегративных многомер-
ных конфигураций. Результаты подчеркивают значимость системного подхода к анализу
психофизиологических состояний спортсменов.

Ключевые слова: соревновательная тревожность, спортсмены-единоборцы, вариа-
бельность ритма сердца (ВРС), сенсомоторные функции, пермутационный многомерный
анализ
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Background

Competitive anxiety is widely understood as a complex state that includes cognitive anxiety,
physical arousal, and confidence. It is commonly measured using the Competitive State Anxiety
Inventory-2 (CSAI-2). A significant portion of the sports psychology literature shows that
increased cognitive and physical anxiety is associated with decreased heart rate variability,
including RMSSD, SDNN, and high-frequency power [1, 2]. When significant, this relationship
follows a consistent pattern: higher anxiety is linked with decreased vagal activity and increased
LF/HF ratios [3]. In contrast, confidence often shows positive correlations with vagal tone [4].

However, null findings are also common, especially in studies where HRV is measured
outside of the immediate pre-competition period or where athletes exhibit low variability in
both psychological and autonomic markers [5, 6]. According to recent studies, methodological
differences, such as timing of measurements, sample homogeneity, and recording duration, may
partly explain these inconsistent results [7].

The current study examines these relationships during a non-competitive period, focusing on
elite and sub-elite martial artists. Unlike pre-competition assessments, this data was collected
under stable, routine training conditions, allowing us to investigate whether subjective anxiety
is related to autonomic or sensorimotor function in the absence of acute stress.

Methods

Participants

The study sample included 40 active martial arts athletes who were examined during a
regular training period outside any competitive context. The participants were between 16 and
27 years old (mean age = 19.63 ± 2.13), with 37.5% of them being women. Their height ranged
from 174.38 ± 8.41 centimeters and their body weight ranged from 65.48 ± 9.80 kilograms. The
sample consisted of four different striking-based martial arts: Karate (n=20), Kyokushin (n=7),
Wushu (n=7), and Taekwondo (n=6).

Psychological assessment

Competitive anxiety was measured using the Russian adaptation of the Competitive State
Anxiety Inventory-2 (CSAI-2), which consists of three subscales: cognitive anxiety, somatic
anxiety, and self-confidence [8].

Physiological recordings

We assessed autonomic regulation under resting conditions (5 minutes, sitting), measuring
respiratory rate and amplitude via abdominal and thoracic pneumography, and extracting
beat-to-beat intervals from photoplethysmography (PPG). We used Kubios HRV Standard
(version 3.5.0) to compute standard time domain, frequency domain, and nonlinear HRV indices.

Sensorimotor tasks

To evaluate sensorimotor performance, we used a battery of visual-motor and coordination
tasks, including simple and choice reaction time, coincidence anticipation timing, grip force
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differentiation, and stylus tracking (certified neurophysiological systems NS PsychoTest, Neurosoft
LLC, Ivanovo, Russia; software version 1.6.9.3). All physiological and behavioral indicators were
standardized for comparability across different measurements using z-scores.

Statistical analysis

Correlation analysis, k-means clustering (based on CSAI-2 subscales), and Mann-Whitney U
tests were conducted. Multivariate profile differences were assessed using PERMANOVA with
999 and 5000 permutations. Significance was set at p < 0.05.

Ethical approval

The study protocol was approved by the Local Bioethics Committee of SCOLIPE under
Protocol Number 15 on 9 September 2024.

Results

Initially, the CSAI-2 scores obtained from our sample were compared with published
normative data and pre-competition information for combat sports athletes in similar age
groups. This revealed a pattern that was broadly consistent with previous findings: male
athletes generally reported higher self-confidence, while cognitive and somatic anxiety levels
were within the typical range for non-competitive periods [9, 10, 11]. To futher explore the
data, correlation analyses were conducted between the CSAI-2 subscales and sensorimotor and
autonomic indicators. However, no significant associations were found across domains. In order
to investigate potential heterogeneity within the sample, a k-means clustering analysis based
on the three CSAI-2 subscales was performed. This yielded a two-cluster solution. The first
cluster was characterized by increased cognitive and somatic anxiety, accompanied by decreased
self-confidence. In contrast, the second cluster showed a more adaptive psychological profile,
with lower anxiety levels and increased confidence.

These psychologically defined clusters were then compared in terms of their sensorimotor
and physiological characteristics using the Mann-Whitney U test. Although none of the
univariate comparisons reached statistical significance, several variables showed consistent
trends differentiating the groups. Guided by these tendencies, six psychophysiological indicators
(movement frequency, Choice RT variability, RMSSD, pNN50, abdominal respiratory amplitude,
and ApEn) were selected to construct normalized profile plots representing the multivariate
configuration of each cluster. Cluster-specific multivariate profiles were then visualized using
profile plots summarizing the six principal psychophysiological indicators (Figure 1). A permutation-
based multivariate test (PERMANOVA) was then applied to formally assess differences in the
overall configuration of autonomic, respiratory, and sensorimotor functioning between the
clusters.

The results showed a consistent trend towards differences in global psychophysiological
patterns between high- and low-anxiety groups (Pseudo-F=2.07; p=0.081 after 999 randomiza-
tions; p=0.078 after 5,000 randomizations), suggesting that athletes’ autonomic, respiratory, and
sensorimotor characteristics diverged at the group level, despite the lack of significant univariate
effects.
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Figure 1: Radar chart illustrating the multivariate configuration of six psychophysiological
indicators in two groups defined by CSAI (high vs low anxiety). The values are Z-standardized
mean valuess for each group.

Discussion

The absence of direct HRV or sensorimotor correlations with anxiety is in line with previous
work showing null associations under conditions of low arousal or non-competition [5, 6]. Studies
that report strong negative associations between anxiety and HRV typically assess athletes
immediately prior to competition or under conditions of heightened emotional stress [2, 3,
4], highlighting the importance of timing in assessment. Outside of immediate performance
demands, autonomic markers tend to reflect stable, trait-like physiological states, such as recovery,
fitness, and long-term adaptation, rather than transient emotional states. The homogeneity
of elite and sub-elite athletes may also contribute to reduced variability, and the lack of
research on respiratory amplitude may explain the current null findings in light of existing
evidence.

Beyond correlations, multivariate analyses revealed additional patterns. K-means clustering of
CSAI-2 scores identified two distinct psychological profiles: one with high levels of cognitive and
somatic anxiety, and low self-confidence; the other with a more adaptive emotional profile.
Although univariate tests showed no significant differences in physiology or sensorimotor
responses between the groups, several trends emerged. The group with high anxiety had
lower RMSSD, pNN50, and abdominal amplitude, as well as greater variability in choice reaction
time (RT); conversely, the group with low anxiety had higher vagal activity, larger respiratory
amplitudes, greater autonomic complexity, and more consistent motor responses.

While none of the individual indicators differed significantly, the combined pattern of six
variables revealed a clear qualitative difference. PERMANOVA supported the trend towards
multivariate differentiation (p=0.078), suggesting that psychological grouping is not expressed
through individual physiological markers, but rather through their integrated configuration.
These findings require careful interpretation due to the small sample size and non-competitive
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context. However, they indicate that multidimensional physiological signatures may still reflect
underlying psychological states even under neutral training conditions.

Conclusion

In summary, competitive anxiety among high-level martial artists assessed outside of
competitive conditions did not directly correlate with autonomic, respiratory, or sensorimotor
indicators. However, psychological clustering based on CSAI-2 revealed two distinct subgroups
of athletes whose physiological and sensorimotor characteristics, although not significantly
different at the univariate level, ehxibited systematically divergent patterns when viewed in
multivariate terms. These profiles, characterized by various combinations of vagal activity,
respiratory amplitude, autonomic complexity, and motor stability, consistently demonstrated a
trend towards multivariate differentiation, as confirmed by PERMANOVA analysis. Overall, the
findings suggest that subtle psychophysiological signs of anxiety may only be detectable when
analyzed as integrated, multivariate patterns, rather than isolated variables. this underscores
the importance of multidimensional approaches in sport psychophysiology and highlights the
need for research conducted under conditions of genuine competitive stress.
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