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Abstract

Aim: The aim of this study was to determine sleep quality and exercise-related physiologi-
cal parameters (heart rate, heart rate reserve, cardiac output, blood pressure, maximum
oxygen uptake capacity) of elite karate athletes.

Materials and Methods: Ten athletes, 3 girls and 7 boys, who are interested in karate
at an elite level in Trabzon, participated in the study. Anthropometric measurements
and body mass index measurements were made. Cardiopulmonary exercise test (CPET)
was performed with a gradually increasing intensity (15W/min) bicycle ergometer test
protocol. Sleep parameters of the athletes were obtained by using the physical activity
measurement holter (Sensewear Armband).

Results: The mean age of the individuals was 17.8+1.39 years (n=10), the mean height
was 169.0+8.1 cm (n=10), the mean weight was 63.9947.64 kg (n=10), and the mean body
mass index was 22.41 kg/m? (n=10). Average value for oxygen consumption (VO2) at max-
imum workload level 4348 ml/kg/min (n=10, 99+12% of predicted), average maximum
power 1974+27.50 Watts (n=10, 92%+% predicted) 14), mean minute ventilation (VE)
103+28 L/min (n=10, 95+22% of predicted), mean heart rate (HR) 181£12 beats/min
(n=10, 93+7% of predicted) and mean oxygen (O2) pulse at maximum workload level was
15.20£2.90 ml/beat (n=10, 115.1+17.75% of predicted). The average lying down time of
the athletes was 8 hours 8 minutes £2 hours 26 minutes (n=9), sleep time was 6 hours 9
minutes+2 hours 30 minutes (n=9), and sleep efficiency was 74+12%.

Conclusion: The findings of this study show that the participating athletes had a good
aerobic capacity and a good training level for the sport branch they were engaged.

@@@@ Copyright (© 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
BY NC ND

under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

governed by the homeostatic physiology of the circadian

Karate, a martial arts discipline originating from Japan,
focuses on unarmed combat techniques such as kicks,
strikes, and defensive arm blocking. Therefore, both upper
and lower extremity muscle explosive power, along with
aerobic capacity, are important factors for achieving high-
level performance in karate sports [1]. Physical and phys-
iological factors play a critical role in the performance of
elite-level karate athletes.

Sleep is a unique state characterized by altered state
of consciousness, reduced responsiveness to the sensory
modalities and decreased voluntary muscle activity. Sleep
plays a crucial role in facilitating recovery and promoting
growth and is essential for maintaining health and over-
all well-being including emotional state, cognitive perfor-
mance, and quality of life [2].

The sleep—wake cycle is periodically regulated process
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rhythm. The circadian rhythm, which refers to the 24-
hour, itself is regulated by an internal clock in the brain.
This internal clock helps regulate cycles of wakefulness and
sleepiness by responding to variations in light within our
environment. The circadian rhythm sets alternating peri-
ods in 24-hour cycle consisting of physical, mental, and
behavioral functions that ensure optimal functioning of
body processes. Disruptions of the circadian rhythm can
affect important bodily functions including hormone se-
cretion, body temperature regulation and autonomic func-
tions. Disturbances in the circadian rhythm can negatively
impact an individual’s sleep patterns. As a result of irreg-
ularities in the release and levels of steroid hormones, in-
dividuals may enter a catabolic state, leading to a decline
in exercise performance for athletes. Thus, there is exten-
sive documentation highlighting the critical role of sleep
quality in athletic performance [3-5].

Sleep has significant physiological and cognitive effects on
athletic performance, especially during submaximal and
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prolonged exercise, and is considered important for elite
athletes. Sleep deprivation can lead to changes in glu-
cose metabolism, neuroendocrine function, carbohydrate
metabolism, nutrient intake, and protein synthesis, result-
ing in negative effects on athletes’ metabolic and endocrine
status and a decline in athletic performance [4-6]. Sleep
deprivation decreases values of physiological exercise pa-
rameters. High levels of lactate concentration in the blood
during exercise and impaired ability to remove lactate dur-
ing exercise affect muscle metabolism. Functions requiring
attention, alertness, and motor coordination are negatively
affected by sleep deprivation [7].

In general, insufficient sleep duration and poor sleep qual-
ity can cause metabolic, immunological, cardiovascular,
and neurocognitive dysfunction, as well as imbalance in
the autonomic nervous system and significant metabolic
dysfunctions [3, 8, 9]. The aerobic system of athletes
needs to be well-developed in order to achieve and sustain
high performance during high-intensity training and com-
petition [10-12]. Oxygen consumption starts to increase
from the beginning of exercise and this increase continues
throughout the exercise. When oxygen uptake and deliv-
ery increase in response to the energy expenditure dur-
ing exercise, the tissues receive the necessary oxygen and
the individual can sustain performance effectively. It is
possible to significantly increase maximum oxygen uptake
through training compared to the resting phase [13].
Sleep (daily sleep-wake cycles) is primarily regulated phys-
iologically in a circadian rhythm by a brain region known
as the "internal clock". One important factor influencing
this internal clock is melatonin, a hormone that plays a role
in regulating sleep patterns and circadian rhythms [14].
Other hormones such as insulin and stress-related corti-
sol also have an impact on this center [15,16]. Exercise
also directly affects melatonin release (both acutely and
chronically), with its timing and intensity determining this
effect [17,18]. Cardiopulmonary exercise testing (CPET)
is an important laboratory method used for assessing ex-
ercise capacity and cardiac status. This technique allows
for the combined evaluation of pulmonary, cardiovascu-
lar, and musculoskeletal system responses to submaximal
and maximal exercise [19].This study is a descriptive study
conducted to determine the physiological parameters in
elite karate athletes active in Trabzon, Turkey. The aim
was to examine the physiological exercise parameters and
sleep quality of these athletes and compare them with pre-
vious research in the literature. After determining sleep
quality, physiological exercise parameters, anthropometric
measurements, and demographic data using appropriate
methods, they were analyzed. The data obtained from
this study were compared with the results in the literature
regarding the sleep quality and physiological parameter
values of karate athletes.

Materials and Methods
Participant selection

The study included 10 athletes, 3 females and 7 males, who
were engaged in elite-level karate sports in the province of
Trabzon. Suitable and voluntary individuals were selected
for sleep quality measurement and CPET. Prior to start-
ing the study approval was obtained from the Scientific
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Research Ethics Committee of the Faculty of Medicine of
Karadeniz Technical University (Protocol no: 2019/174).
Each athlete was provided with an information and con-
sent form to fill out. It was determined that there were
no conditions that would pose a risk for performing the
CPET, and the testing was initiated thereafter.

Procedures
Anthropometric measurements

Skinfold caliper was used for measuring subcutaneous fat
thickness and diameter, while a measuring tape was used
for circumference measurements. The measurements were
taken while the individuals were in a standing position,
and the measurements were performed on the right side.
Each measurement was repeated twice. Body Mass In-
dex: A body composition was measured by bio-impedance
(Tanita Body Composition Analyzer TBF-300, FEED)
was used. The measurement was taken one hour after
individuals had their meal, in a fixed position.

Cardiopulmonary exercise testing

The test was conducted in the morning hours, at least one
hour after individuals had any meal. For the CPET, a
bicycle module (VIA Sprint 150P), equipped with 12-lead
ECG (QRS-card), pulse oximeter, an ergospirometer, and
a gas analyzer. Data were acquired and analyzed by us-
ing the LAB Manager version 4.0 (Cardinal Health, Hoch-
berg, Germany). The gas analyzer was calibrated before
each test. Breath-by-breath measurement method was em-
ployed, and respiratory gas values were recorded every 5
seconds. A 12-lead ECG was used for each individual.
Blood pressure monitoring was performed by measure-
ments at every two minutes. The test was started with a
warm-up period of five minutes, with a constant load of 20
Watts. Then, the test continued with a protocol in which
the workload was increased by 15 Watts every minute.
The subjects were asked to pedal at a rate of 60 revolu-
tions per minute until exhaustion. Then, the workload was
removed, and the individual was asked to pedal at a rate
of <30 revolutions per minute to continue the test. The
recovery period continued until the Respiratory Exchange
Ratio (RER) value dropped below 1.00 and/or the heart
rate declined to <100 beats per minute. And, the test was
concluded. The exercise related physiological parameters
including pulmonary ventilation (VE), oxygen consump-
tion (VO3), carbon dioxide production (VOg), anaerobic
threshold (AT), RER and oxygen pulse was determined.

Sleep quality assessment

Data related to sleep quality were obtained by transferring
the recorded information by a metabolic holter (Sensewear
Armband), and analysed by software. The device was
placed to the triceps muscle of the right arm for each in-
dividual for 24 hours. The SenSewear Armband is used to
assess both physical activity and sleep parameters [20].
The Armband contains a 2-axis microelectromechanical
accelerometer sensor that measures movement based on
gravity, allowing for estimation of the Armband’s position,
such as lying down or getting out of bed. The Sensewear
Armband also includes a galvanic skin response sensor,
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a skin temperature sensor, and an ambient temperature
sensor near the body. The sensor on the backside of the
Armband, in contact with the skin, measures skin temper-
ature [21]. Perceptual Fatigue Assessment: Assessment
was conducted using the Fatigue Severity Scale developed
by Armutlu et al., which consists of a total of 9 items
scored between 0 and 7, and has established validity and
reliability worldwide [22]. Fatigue was quantified by rating
of perceived exertion (RPE) scale.

Statistical analysis

Data were analyzed statistically using Microcal Origin ver-
sion 5.00 (Microcal Software, Northampton, MA, USA).
The data were evaluated using the Descriptive Statistics
test and obtained values were compared with respect to
predicted values for their age, gender-matched elite group
of athletes as percentage of regarded normative values.

Results

The average age of the athletes was 17.8£1.39 years
(n=10), the average height was 169.04+8.1 cm (n=10), the
average weight was 63.99£7.64 kg (n=10), and the average
body mass index (BMI) was determined as 22.41 kg/m?
(n=10). The measurements of subcutaneous fat thickness
(skinfold), diameter (caliper), and circumference are pre-
sented in Table 1.

The exercise-related physiological capacity parameters of
10 elite karate athletes (VO3 max, VE, RER, RPE, oxy-
gen pulse, workload) were measured at anaerobic thresh-

Table 1. Anthropometric measurement findings of elite
karate athletes.

Female (n=3) Male (n=7)
Subcutaneous fat thickness
Triceps 16.33£3.21 mm 10.42+3.10 mm
Subscapula 12.16£2.46 mm 11.07£2.31 mm
Suprailiac 9.16 £1.44 mm 7.71£3.94 mm
Gastrocnemius 20.66+2.51T mm 12.71£1.97 mm
Diameter measurement
Elbow 5.83+0.28 cm 6.14£0.37 cm
Knee 9.33+1.04 cm 9.64+0.37 cm
Circumference measurement
Biceps 25.66+2.08 cm 27.07£2.0 cm

Gastrocnemius 36.16+2.75 cm 35.42+1.81 cm

Table 2. Exercise related physiological parameters of elite
karate athletes.

@ AT @ Maximum Load Predicted %
Heart rate (beats/min) 150.40£21.08 180.60+12.16 %93.20+£7.17
VO, max (ml/kg/min) 30.52+11.13 42.94+8.28 7%98.70+11.64
VE (L/min) 58.90 +23.02 102.5+£27.86 %95.20£21.95
O, pulse (ml/beat) 12.66%3.56 15.20+2.90 %115.1£17.75
Work Load (Watt) 130£52.65 197£27.50 % 92.20+£14.11

AT: Anaerobic threshold.
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old (AT) and maximum workload levels, as presented in
Table 2.

On average, the athletes spent 8 hours 8 minutes + 2 hours
26 minutes (n=9) in a lying position, with a sleep dura-
tion of 6 hours 9 minutes = 2 hours 30 minutes (n=9),
and a sleep efficiency of 74% =+ 12%. Male athletes had
a lying duration of 8 hours 35 minutes 4+ 2 hours 2 min-
utes (n=6), a sleep duration of 6 hours 30 minutes + 2
hours 40 minutes (n=6), and a sleep efficiency of 75% =+
10%. Female athletes had a lying duration of 7 hours 13
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minutes + 2 hours 2 minutes (n=3), a sleep duration of
5 hours 16 minutes £+ 2 hours 38 minutes (n=3), and a
sleep efficiency of 71% + 17%. When examining the sleep
duration and VOg max values of the athletes, a significant
positive correlation was observed with the sleep duration.
The relationship between sleep duration and VO3 max val-
ues for male participants is shown in Figure 1, while the
relationship between sleep duration and VO3 max values
for female participants is shown in Figure 2.

Association of the rated levels of exercise-induced acute
fatigue and sleep scores are presented in Figure 3. There
seems no obvious relationship between sleep duration and
rated level of exercise-induced acute fatigue (Figure 3).

Discussion

In this study, using the CPET technique, the physiological
responses of the cardiovascular, respiratory, and metabolic
systems to gradually increasing exercise intensity were ex-
amined in an elite athlete group, in a protocol until they
reached the point where they could no longer continue ex-
ercising.

During exercise, various adaptations occur in the cardio-
vascular system, pulmonary system, and musculoskeletal
system, resulting in changes that affect the entire body.
The physiological responses and adaptations that occur in
the body are related to the type, intensity, and duration
of the training. The effects of training involving isometric
and isotonic exercises on the systems are different. Karate
involves predominantly dynamic, isometric exercises that
engage both the upper and lower extremities, but it also in-
cludes isotonic exercises, making it a combined sport [23].

When these data were compared with the data obtained
from the voluntary athletes included in this study, it was
found that our athletes physiological exercise capacities
were comparable to values reported for their elite counter-
parts.

It is well-known that athletes’ anthropometric character-
istics are highly correlated with physiological parameters
related to exercise performance. It has been observed that
athletes with lower skinfold measurement, indicating lower
subcutaneous fat thickness, tend to achieve better results
in exercise tests [24, 25].

In this study, during the exercise test performed at
the maximum workload level, the maximum heart rate
(HR) measured was 180.60+12.16 beats per minute (bpm)
(n=10). For male athletes, it was measured as 186.43+7.32
bpm (n=7), and for female athletes, it was 167+10.44 bpm
(n=3). At the maximum workload level, the percentage of
the target HR was determined as 95.574+5.99% (n=7) for
male athletes and 87.67+7.63% (n=3) for female athletes.
In a study conducted on elite male karate athletes, the
maximum HR was reported as 191+7 bpm (n=>5) [26].
Another study reported a maximum HR of 179.546.86
bpm (n=5) at the maximum workload level [26-28]. In
a study conducted with nineteen elite male karate athletes
using a bicycle ergometer protocol, the maximum HR at
the maximum workload level was reported as 181.7+7.7
bpm (n=19). When comparing the results obtained in this
study with the data from similar studies conducted on elite
karate athletes in the literature, taking into account age
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and other anthropometric characteristics, it is observed
that the results obtained for maximum HR are similar.
This suggests that the athletes in this study have com-
parable cardiovascular responses during exercise to those
observed in other studies on elite karate athletes.

According to the results obtained in this study, the VOq
max was determined to be 42.94+8.28 ml/kg/min (n=10),
which corresponds to 98.70+11.64% (n=10) of the ex-
pected value based on the athletes’ demographic charac-
teristics. The VOs value at the anaerobic threshold was
measured as 30.524+11.13 ml/kg/min (n=10). In a study
conducted on elite male karate athletes during exercise
tests specific to karate techniques, the reported VOs max
value was 48.94+11.4 ml/kg/min (n=>5) [27]. In another
study investigating the cardiorespiratory responses to aer-
obic exercise training and its effect on aerobic capacity
using a bicycle ergometer, the reported VO max value
was 41 ml/kg/min (n=10), and the anaerobic threshold
VOg value was 22 ml/kg/min (n=10) [29]. In a study
conducted on elite male karate athletes, the reported VO,
max value was 44.84+7.1 ml/kg/min (n=19). It can be ob-
served that the results reported in these studies are close
and similar to the results obtained for the athletes in the
current study.

In a study conducted with five elite male karate ath-
letes, the reported VE (ventilation) value was 130.6+£16.0
liters/min (n=>5) [27]. In another research, during
a taekwondo-specific test, the reported VE value was
80.4+6.8 liters/min [29]. In this current study, the VE
value in response to maximum exercise was measured
as 102.5+£27.86 liters/min (n=10), which corresponds to
95.20421.95% of the expected value based on the athletes’
demographic characteristics. When comparing these re-
sults, it can be observed that the VE value at maximum
exercise level is somewhat lower compared to the results
in the similar study.

According to the exercise protocol applied to the athletes,
the maximum workload achieved at the maximum exer-
cise level was measured as 197£27.50 Watts (n=10), which
corresponds to 92.20+14.11% of the expected value. In a
similar study, the reported maximum workload based on
exercise test results was 224 Watts (n=10) [29]. In another
study, the maximum workload reached using a bicycle er-
gometer protocol in elite male karate athletes was reported
as 223.6+48.2 Watts (n=19) [30]. When comparing these
findings, it can be observed that the maximum workload
value is somewhat lower compared to the results in similar
studies.

Sleep duration and quality in athletes are closely related
to athletic performance. Quality and effective sleep con-
tributes to improvements in physiological functions such
as attention and coordination during prolonged training.
According to measurements related to sleep quality, the
lying duration of athletes was found to be 8 hours 8 min-
utes + 2 hours 26 minutes (n=9), sleep duration was 6
hours 9 minutes + 2 hours 30 minutes (n=9), and sleep
efficiency was 74% + 12%. For male athletes, the lying
duration was 8 hours 35 minutes + 2 minutes (n=6), sleep
duration was 6 hours 30 minutes + 2 hours 40 minutes
(n=6), and sleep efficiency was 75% £ 10%. For female
athletes, the lying duration was 7 hours 13 minutes + 2
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minutes (n=3), sleep duration was 5 hours 16 minutes +
2 hours 38 minutes (n=3), and sleep efficiency was 71%
+ 17%. In a study conducted on 183 individual and 104
team athletes in Turkey, athletes’ sleep qualities were ex-
amined using the Pittsburgh Sleep Quality Index, and a
positive relationship was thought to exist between regular
training and sleep quality [31]. Athletes with low sleep
quality and quantity tend to experience higher levels of
stress and cognitive complexity compared to athletes with
higher levels of the same parameters [10]. Increasing sleep
duration and quality lead to improvements in physiologi-
cal exercise parameters and cognitive functions. Athletes
who get enough sleep before a competition are likely to
demonstrate their highest performance. Athletes experi-
encing sleep deprivation may experience impairments in
important brain functions such as reasoning and decision-
making during competitions [3].

We did not measure the levels of melatonin in the sub-
jects but as they had regular exercise, as routine training
and competition, their sleep status might have influenced
by exercise-induced melatonin level modulation and asso-
ciated circadian rhythm [16-18].

The performance of (elite) athletes across various profes-
sional sports domains is significantly influenced by sleep,
encompassing both its quantity and quality. Optimal sleep
stands as a pivotal component not only for health and well-
being but also for elevating performance and achieving
competitive success. Its profound effects extend to mul-
tiple facets pertinent to the sport’s requirements. These
encompass physical growth, drive, concentration, motor
skills, sprint capabilities, recuperation post-performance,
vulnerability to injuries, and the potential for undesired
weight gain [32, 33].

Conclusion

In conclusion, this study primarily undertook a descrip-
tive analysis rather than testing any specific hypotheses.
Nonetheless, the study did provide original data acquired
through laboratory measurements involving a select co-
hort of elite karate athletes in Turkey. Supplementary
data obtained from estimative methods, as outlined in the
discussion section, were also included. Such an approach
enables the possibility of aligning the findings with inter-
national benchmarks, serving as a valuable resource for
both athletes and coaches to gauge their existing capabil-
ities. The measurements were taken from athletes engaged
in karate during the specific period and in the region where
the study was conducted. These athletes participated in
national and international competitions. The physiolog-
ical parameter values related to exercise performance for
these athletes were found to be close to international av-
erages. The results of this study demonstrate that the
participating athletes possess good aerobic capacity and
also implicating good level of training.
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