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PREFACE

Dear colleagues and readers,

| am delighted to welcome you to the first issue of our new journal, “Trends in Physical Education and
Sport”. This project is the result of an international collaboration between scientists from Kazakhstan and
China, the collective expertise and accomplishments of the journal’s editorial board in the field of physical
education and sport, and the dedicated team of professionals from our publishing house. We hope that it will
become an important platform for the exchange of knowledge, ideas and innovations in this field.

Physical education and sport play a vital role in society by promoting physical development, encourag-
ing healthy lifestyles, strengthening social bonds and enhancing psychological well-being. We are confident
that our journal will significantly advance the science and practice of physical education and sport by provid-
ing relevant research, analytical materials and practical recommendations.

Each issue will cover the latest trends, share insights of leading experts and explore new educational,
training and sports medicine approaches. We warmly invite researchers, educators, coaches and anyone with
an interest in physical education and sport to join the conversation and share their findings and opinions.

We hope that the journal “Trends in Physical Education and Sport” will become a valuable source of in-
formation, inspiration and professional growth. We welcome your suggestions and ideas, and look forward to
featuring your articles and research in future editions.

Thank you for your interest in our journal. We wish you productive reading and inspiration for new
achievements in physical education and sport!

Sincerely,

Kuanyshbek Bulanovich Adanov,
Editor-in-Chief of “Trends in Physical Education and Sport”.
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Integrating music mobile applications into students’ physical education classes

This article examines the integration of music mobile applications into the educational process within the dis-
cipline of Physical Education among university students. A comprehensive analysis of current research was
conducted, focusing on the effects of musical accompaniment on students’ cognitive, emotional, and physio-
logical responses during physical activity. The experimental study involved 60 students, divided into control
and experimental groups. During the trial phase, mobile applications were used to personalize music track se-
lection based on genre, tempo, and rhythm according to individual student preferences. The results demon-
strated a significant increase in student engagement and improvement in emotional state. Positive changes
were observed in anxiety levels and negative attitudes toward physical education classes. The subjective per-
ception of physical exertion in the experimental group shifted toward a favorable range, suitable for cardio
and aerobic training. Integrating music mobile applications into physical education practice encourages a pos-
itive attitude toward physical activity, enhances student involvement, and helps develop a sustainable habit of
maintaining a healthy lifestyle. The implementation of modern digital solutions, such as music-based mobile
applications, contributes to the individualization of the educational process by making physical education
more responsive to each student’s needs. The findings of this pedagogical study confirm that the integration
of mobile technologies supports the modernization of traditional approaches to teaching physical education,
expands the range of educational tools, and increases students’ motivation to engage in regular physical activ-

ity.
Keywords: digitalization, motivation, music mobile applications, Fit Radio, PANAS, positive affect, negative
psychological affect, Borg Scale, subjective perception of physical exertion.

Introduction

Kazakhstan’s national strategy for digitalization is a fundamental pillar of contemporary development,
particularly in the context of economic growth and improvements in citizens’ quality of life. President
Kassym-Jomart Tokayev emphasizes that in order to enhance competitiveness and optimize service delivery,
digitalization must be employed as a tool for ensuring the country’s sustainable internal development.

Over the past decade, digitalization has been actively incorporated into the country’s educational land-
scape, facilitating the modernization of teaching practices and enhancing both the accessibility and quality of
educational services. For instance, electronic textbooks for school students are now widely used and availa-
ble on specialized platforms — currently 11 publisher platforms are providing access to 704 educational re-
sources. Additionally, the digital platform Kundelik.kz functions as an electronic documentation system for
educational institutions and other participants in the learning process.

Digital transformation in higher education in Kazakhstan is progressing in three main directions:

- modernization of the educational process (e.g., the “smart university” concept);

- enhancement of teaching quality (e.g., high-tech studios for recording lectures and conducting online
lessons);

Trends in physical education and sport. 2025, 1, 1(1) 5
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- alignment with international standards (e.g., integration of the global Coursera platform, offering 853
online courses).

The relevance of this study is determined by the integration of digital technologies into the practice of
physical education and sports (PES) for university students, which necessitates the development of innova-
tive strategies aimed at increasing students’ motivation and engagement in the educational process.

Digitalization in the field of PES involves the comprehensive implementation of information and com-
munication technologies (ICT) for the following purposes:

- optimization of training processes;

- enhancement of student motivation for physical education and sports;

- analysis of performance indicators.

For consumers in the field of motor activity (MA), the digital services market offers a wide range of op-
tions:

— mobile applications (MASs) and wearable devices (e.g., Apple Watch, Xiaomi Mi Band, Garmin fit-
ness trackers; MyFitnessPal, Strava, Nike Training Club) provide biofeedback functionality;

— online platforms for physical activity (PA) (e.g., Zoom, YouTube, “Fizkultura Online”, LesMills+)
or interactive trainers (e.g., Peloton, Zwift);

— digital diaries and monitoring systems (e.g., the platform “Fizkultura.kz”);

— VR/AR technologies (virtual and augmented reality) for simulating game situations, spatial orienta-
tion, and reaction improvement;

— Big Data and analytics in elite sports. For example, HUDL, Catapult programs for optimizing athlete
training and recovery.

Integration of ICT allows the implementation of new digital tools into the educational process of physi-
cal education (PE) for personalized learning and athletic training of students. Personal productivity in PE
classes depends on individual motivation. Motivation is defined as a combination of internal and external
human drives. Within the framework of pedagogical science, motivation is a dynamic component of learning
that influences the acquisition of knowledge, skills, and the formation of value orientations in the field of PE.

The effectiveness of PE classes depends on intrinsic motivation: interest, enjoyment, and self-
realization. From a psychological perspective, motivation drives individuals to perform specific actions. In
the context of physical activity, motivation serves several functions:

— motor. Motivation stimulates physical activity among participants. Intrinsic motivation is represent-
ed by the pursuit of self-development, the need for self-improvement, and concern for health. Extrinsic moti-
vation includes social approval, status enhancement, rewards, or the avoidance of punishment;

— regulatory. Motivation sets priorities and goals, regulates behavior, and helps to optimally allocate
physical effort during training;

— cognitive. For example, it improves memory, sharpens attention, and contributes to clear perception
of information, which enables more effective learning during PE classes;

— emotional. Interest and enjoyment from PA contribute to emotional regulation and enhance the over-
all quality of classes.

In the context of motivational functions, music mobile applications (MMAS) can stimulate student en-
gagement in physical education (PE) classes. From a physiological perspective, listening to music activates
various areas of the brain, including the cerebral cortex, the limbic system, and the cerebellum. According to
studies by Petri Toiviainen (University of Jyviskyld, Finland), conducted in the laboratory of cognitive neu-
roscience using magnetic resonance imaging (MRI), it has been proven that listening to music activates dif-
ferent areas of the brain (pleasure centers, memory, motor areas, and the prefrontal cortex).
Several publications from Harvard Medical School (USA) report that regular music training or playing musi-
cal instruments develops memory, speech, analytical and mathematical abilities, thereby influencing a per-
son’s cognitive capacities.

The influence of music on the emotional sphere has been demonstrated in studies conducted at the Uni-
versity of Southern California (USC, USA) in the laboratory of Antonio Damasio. Researchers confirmed
that music can elicit persistent emotional responses by engaging the amygdala (emotion centers), reducing
stress, anxiety, and even pain sensations.

Professor Susan Hallam (Research Center for Music & Science, University of Oxford, UK) studied the
effect of background music on cognitive functions. According to her review, music can either improve or
impair attention and memory, depending on the type of music and listener preferences. For example, the
well-known Mozart Effect study (Gordon Shaw, University of California, Irvine) [1] showed that listening to

6 ISSN 3081-0531 (Print) ISSN 3081-054X (Online)



Integrating music mobile...

Mozart’s music temporarily improves spatial reasoning, but the effect was overestimated and is now consid-
ered minor and short-lived. Numerous publications by Robert J. Zatorre (McGill University, Canada) support
the claim that music triggers dopamine release, which is responsible for the sensation of pleasure and joy [2].

Most researchers agree that music can elicit emotional responses, influence overall mood, and affect
motivational levels. The selection of specific musical rhythms can contribute to increased productivity, re-
duced fatigue, or have a relaxing effect. In experiments conducted by faculty at Wilfrid Laurier University in
Canada, it was demonstrated that lyrical and calm music has a relaxing impact on individuals by reducing
cortisol levels. To achieve this effect, it is necessary to select music with a tempo of 60-80 beats per minute;
this rhythm is most “harmonious” with the human heartbeat and promotes calmness, rest, or soft concentra-
tion. Classical music (e.g., Bach, Mozart, Vivaldi) is characterized by regular rhythm and harmonious melo-
dies that help relieve tension and improve psycho-emotional well-being. Accordingly, music with a clear
rhythm and energetic tempo (pop, rock, electronic music) increases alertness and motivation and makes it
easier to perform repetitive tasks. The greatest effect is achieved when the listener enjoys the music — per-
sonal preferences amplify emotional and cognitive responses. Therefore, the integration of MMAs into the
physical education process is one of the promising areas for the application of digital technologies in PE
classes [3].

Musical accompaniment of PA can have a positive impact on the psychophysiological state of partici-
pants, improving mood, reducing the perception of fatigue, increasing performance, and enhancing resistance
to stress factors. In 2016, Clark, I. N., Baker, F. A., and Peiris, C. L., in their meta-analysis “Music interven-
tions and physical activity,” noted that using MMAs during aerobic training led to increased heart rate, re-
duced perceived exertion, and greater enjoyment of the activity. In 2020, Silva-Batista C., in studies on the
effect of music-movement synchronization through mobile applications during group workouts, demonstrat-
ed an increase in group performance efficiency and improvement in participants’ psycho-emotional condi-
tion [4].

In the context of the educational environment, especially among the student audience with a high level
of digital literacy and a tendency to use mobile devices, the integration of mobile applications (MAs) into PE
classes appears both appropriate and scientifically justified. Despite the high level of technological infra-
structure in educational institutions and the active development of mobile platforms, scientific research
aimed at evaluating the effectiveness of such integration remains at an early stage. This highlights the need
to analyze various aspects of using music-based MAs in students’ physical education activities.

The purpose of the study is to identify and assess the impact of integrating music mobile applications on
the psychophysiological parameters of students during physical education classes.

Research Objectives:

— to systematize and summarize data on the influence of music on a person’s psychophysiological and
emotional state;

— to develop an experimental methodology for the study: to form student groups, select suitable music
mobile applications (MMASs), and determine the evidence base;

— to assess and analyze changes in the psychophysiological condition of the participants;

— to formulate conclusions and practical recommendations.

The expected outcome is the confirmation of the hypothesis regarding the positive impact of integrating
MMAs into students’ physical activity, leading to increased motivation for PE and improved psychophysio-
logical well-being.

Methods and materials

The study on the integration of music mobile applications (MMAS) into the physical education (PE)
process of university students employed a combination of methods that allowed for an objective assessment
of the impact of digital technologies on the psychophysiological condition of the participants.

To examine and synthesize existing scholarly publications relevant to the research topic and to develop
the methodological framework, the method of analysis of scientific and methodological sources was used.
Methods of systematization, evaluation, and comparison were applied to define the functional capabilities
and to select the most suitable MMAs among ten music applications: Spotify, Yandex Music, SoundCloud,
Apple Music, Deezer, Fit Radio, RockMyRun, Music for Fitness, Jabra Sport Life, and Peloton.

Based on criteria, such as functional convenience and operational reliability, five applications were se-
lected for the study:

Trends in physical education and sport. 2025, 1, 1(1) 7
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1) Spotify — the largest music streaming platform, enabling the creation of themed playlists for various
types of physical activity (e.g., cardio, strength training, yoga); features personalized recommendation algo-
rithms and integration with fitness trackers;

2) Fit Radio — a specialized fitness music application that offers curated playlists with optimal BPM
for different workouts, along with timers and voice coaching;

3) RockMyRun — an application that generates special music mixes for running, walking, and training;
it automatically adjusts to the heart rate rhythm, helping to maintain motivation and proper pace;

4) Deezer — a platform with a wide range of sport-oriented playlists; allows offline playback and sup-
ports integration with fitness devices;

5) Peloton — a well-known fitness application with music support, offering playlists for strength and
cardio workouts, audio coaching sessions with music, and real-time feedback.

For the integration of a music mobile application (MMA) into students’ physical education activities,
we selected Fit Radio due to its optimal user-friendliness and intuitive interface.

To actively influence the study subject, a pedagogical experiment was conducted with the aim of test-
ing the hypothesis and evaluating the effectiveness of MMA implementation. To substantiate the findings,
two groups were formed: an experimental group and a control group, each consisting of 30 first-year stu-
dents from the Faculty of Humanities and Social Sciences at Torayghyrov University (Pavlodar, Kazakh-
stan). The experimental procedure involved the use of sociological methods (observation, interviews) and
psychological methods (questionnaires). The final conclusions were based on objective data validated
through surveys using the PANAS questionnaire (Positive and Negative Affect Schedule) and the Borg
Scale, followed by mathematical processing of the results. To formulate conclusions and recommendations,
methods of synthesis, induction, and generalization were applied. The materials included personal mobile
devices were used to access the Fit Radio application. Individual playlists were created within the MMA
based on the personal music preferences of the participants.

Additional tools included the PANAS questionnaire, the Borg Rating of Perceived Exertion (RPE)
Scale, a computer with data processing software, and software for statistical analysis.

Results and Discussion

1) The PANAS questionnaire measures the balance of Positive Affect (PA) and Negative Affect (NA)
— a spectrum of emotional states (effect). It was developed in 1988 by D. Watson, L. Clark, and A.
Tellegen, and later adapted into Russian by E.N. Osin in 2012 [5].

Students were given a questionnaire containing a list of adjectives describing various feelings and emo-
tions, which they were asked to evaluate using a 5-point Likert scale (short-term version), reflecting their
emotional state at the moment of the class [6-8]. The results are presented in Figure 1.

35 1 31
25 7 21 20 21 22
20 155
15 - = Experimental group
= Control grou
10 A group
5 -4
O T T T T
PA before the NA after the PA before the NA after the
session (initial session (initial session (final session (final
stage) stage) stage) stage)

Figure 1. Dynamics of PA and NA at the stages of the experiment
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According to the obtained data (Figure 1), at the beginning of the experiment, the PA levels in both
groups were approximately equal and relatively low (21 in the experimental group and 22 in the control
group), indicating a low level of emotional engagement and interest in physical education classes. The NA
values — 25 in the experimental group (EG) and 23 in the control group (CG) — reflect a high level of nega-
tive emotions and anxiety. The PANAS measurement results at the final stage of the experiment (after 8 ses-
sions) show an increase in the level of positive mood, emotional engagement, and energy in the experimental
group — up to 31 points, which falls within the normal PA range (30-35 points) for a healthy student.
Meanwhile, the control group showed stagnation, with the PA score remaining at 21. At the final stage, the
experimental group demonstrated a low level of negative effect — 15 points, which corresponds to the lower
boundary of the anxiety range (15-20). The control group showed a slight decrease in average NA from 23
to 22 points, which is not statistically significant for the purposes of this experiment.

2) The Borg Scale is a tool used for the subjective assessment of perceived physical exertion. It enables
the evaluation of cumulative sensations related to changes in the cardiovascular, musculoskeletal, and respir-
atory systems experienced during physical activity. The Borg Scale is a vertical scale with numerical values
from 6 (no exertion at all) to 20 (maximal exertion) and corresponding verbal descriptors of increasing inten-
sity. The results obtained during the experiment using the Borg Scale are presented in Figure 2.

18 -~ 17 17 17
16 -
14 - 13
12
10 .
= Experimental group
8 = Control group
6 -
4 -
2 -
0 T T T T
at the initial at the final
stage stage

Figure 2. Dynamics of perceived physical exertion

Analyzing the diagram (Figure 2), it is important to note the identical initial level of the subjective as-
sessment of physical exertion in both groups, characterized by the descriptor “very hard,” with a humerical
equivalent of 17 points. At the control stage of the experiment, following the integration of the Fit Radio mu-
sic application into the educational process, the experimental group (EG) demonstrated a reduction in per-
ceived exertion from 17 to 13 points, corresponding to the “somewhat hard” level. The range of 12 (“slightly
hard”) to 14 (“hard”) is considered aerobic and physiologically safe, particularly in the context of physical
education. A score of 13 in the EG indicates that the individual experiences strain but is still able to continue
exercising. In contrast, the control group (CG) showed no change in the level of perceived physical exertion.

Conclusions

1) Psychological and emotional state of students.

The study using the PANAS questionnaire revealed that the integration of the Fit Radio music mobile
application into the physical education curriculum significantly increased the level of positive affect (PA) in
the experimental group (EG). After eight sessions, PA scores increased from low baseline values (21-22
points) to the normative level (31 points), reflecting a rise in positive emotions, energy, and student engage-
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ment in PE classes. At the same time, there was a substantial decrease in negative affect (NA) scores from 25
to 15 points, indicating reduced anxiety and emotional tension. In the control group (CG), no significant
changes were recorded; PA and NA levels remained at the same level.

2) Subjective assessment of physical exertion.

According to the Borg Scale data, the initial level of perceived physical exertion in both groups corre-
sponded to a high intensity (“very hard” — 17 points). By the end of the experiment, students in the EG re-
ported a significant decrease in subjective fatigue (to 13 points), indicating a transition to the “somewhat
hard” range, which is considered aerobic, physiologically safe, and conducive to optimal training adaptation.
In the CG, the level of perceived physical exertion remained unchanged.

Recommendations:

- implementation of audio-musical technologies. The results of the study support the systematic use of
music mobile applications (e.g., Fit Radio) in the organization of physical education classes. Audio-musical
accompaniment contributes to the improvement of students’ emotional state, a reduction in anxiety levels,
and an increase in the perceived attractiveness of physical activity.

- integration of MMASs to optimize the training process. Musical accompaniment enhances tolerance to
physical exertion by reducing subjective feelings of fatigue and discomfort. This allows for the optimization
of training intensity and duration, making sessions more effective and comfortable for learners.

- individual playlists support a personalized learning approach. When planning PE sessions, it is rec-
ommended to take into account students’ individual music preferences in order to maximize the positive ef-
fects on emotional well-being and physical exertion tolerance.

- monitoring and assessment of students’ condition during PE classes. To objectively assess and moni-
tor psychophysiological states and exertion tolerance, it is advisable to regularly apply validated psychomet-
ric tools (PANAS and the Borg Scale) in the format of repeated measurements.

The integration of innovative music-based mobile solutions into PE sessions contributes to the devel-
opment of stable positive motivation, reduction of anxiety, and optimization of the training process, which
overall has a beneficial effect on the psychophysiological condition of students. Digital tools enhance the
scientific and methodological foundation of physical training, support learners’ motivation and self-
regulation, and make physical education more accessible and attractive to various social groups, including
youth and university students.

Thus, this study, which explores the potential of music mobile applications as a means of increasing
motivation, engagement, and the effectiveness of physical education, represents a relevant area of scientific
inquiry aligned with the objectives of modernizing higher education and fostering a culture of healthy living
among young people.
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Effects of swimming and running training on the
physical condition and working capacity of students

The study aimed to assess the effects of swimming and track running training on the physical condition, phys-
ical fitness level, health coefficient, and working capacity of students. The experiment involved 50 male stu-
dents with a mean age of 20.16+1.4 years, studying at a pedagogical university in Uzbekistan. Over a three-
year period, their physical condition was monitored using morphofunctional methods, physical working ca-
pacity was evaluated through the Harvard step test, and physical fitness was assessed with standard control
exercises for the development of basic physical qualities. The health coefficient was calculated based on heart
rate, blood pressure, body mass, height, and age. Data processing was performed using mathematical and sta-
tistical methods, including the calculation of arithmetic mean, standard deviation, and the Student’s t-test to
determine the significance of differences. The results showed a positive dynamic in the development of phys-
ical qualities and working capacity in both groups; however, swimming training led to more pronounced im-
provements across most measured indicators. The level of physical condition and the health coefficient in-
creased to a greater extent in the swimming group compared to the running group. The findings confirm the
high effectiveness of cyclic aerobic exercises, particularly swimming, for improving students’ health and en-
hancing their functional capabilities.

Keywords: physical exercises, physical working capacity, physical fitness, physical condition, health coeffi-
cient.

Introduction

The improvement of physical fitness and the promotion of health among university students remains
one of the key objectives of state policy in the Republic of Uzbekistan. In the context of the modernization of
the higher education system, special attention is given to the development of a high level of physical fitness,
sports skills, and commitment to a healthy lifestyle among students. However, despite the efforts undertaken,
the level of physical activity among students remains insufficient. The decline in motor activity is associated
with increased academic workload, changes in lifestyle, and insufficient integration of aerobic exercises into
university educational programs [1-4].

The problem of decreasing physical activity among young people is of a global nature. Studies conduct-
ed in European countries, the United States, and Asia also report a trend towards reduced motor activity
among students, largely linked to urbanization, technological development, and lifestyle changes [5, 6]. In a
number of countries, efforts are being made to incorporate systematic aerobic activities, such as running and
swimming into educational programs, which significantly improves physical condition, endurance, and func-
tional resilience among young people [7, 8].

Considering the above, conducting a comparative analysis of the effects of swimming and track running
on the physical condition of students in the context of the Republic of Uzbekistan appears to be a timely and
relevant task aimed at developing effective health-promoting technologies within the higher education sys-
tem.

Scientific literature reflects a diversity of physical education methodologies based on the application of
various forms and means of physical activity [3, 6, 7]. Particular attention is given to cyclic types of exercis-
es, such as walking, running, and swimming, due to their proven effectiveness in enhancing aerobic capacity.
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Training processes based on the use of cyclic aerobic loads contribute to improved coordination of move-
ments, development of endurance, reaction speed, strength, and overall physical working capacity among
students [9, 10].

At the same time, a number of studies have been limited to comparing the effects of different types of
exercises based on a small set of indicators or without considering the characteristics of the study partici-
pants, which complicates the formation of a comprehensive understanding of the effectiveness of various
types of physical activity within the framework of health-oriented physical education [5, 9].

Current evidence indicates that achieving a sustainable health-promoting effect requires systematic
training involving large muscle groups, rhythmic activity of moderate to high duration, and predominantly
aerobic energy supply mechanisms (Thomas et al., 2020; Boltobaev & Kostikova, 2022). In this context, a
comparative study of the effects of swimming and track running on the physical condition and working ca-
pacity of students acquires special practical and scientific significance, given the differences in the move-
ment mechanics and loading characteristics of these activities [7, 11].

The aim of this study is to evaluate the impact of systematic swimming and running training on stu-
dents’ physical fitness, physical condition, health coefficient, and physical working capacity. Special atten-
tion was given to analyzing the dynamics of basic physical qualities, changes in the level of physical condi-
tion, and determining the degree of effectiveness of these types of physical activities within the framework of
student health promotion programs.

The objectives of the study included:

1. To analyze the dynamics of physical fitness development among students in both experimental
groups.

2. To identify changes in the level of physical condition and physical working capacity during system-
atic training sessions.

3. To evaluate the effectiveness of swimming and track running exercises in improving students’ phys-
ical condition, health coefficient, and functional capacities.

To achieve the stated aims and to address the research objectives, an experimental program was devel-
oped, based on the application of a set of morphofunctional, testing, and statistical methods for the assess-
ment of students’ physical condition.

Organization of the Study

The study was conducted at the Department of Physical Culture and Sports of a pedagogical university
in Uzbekistan. The research included students selected according to the following criteria: mean age —
20.16£1.4 years; eligibility for the main medical group based on health status; initial level of physical condi-
tion determined through morphofunctional assessments using express methods of physical condition evalua-
tion (Thomas et al., 2020); expressed interest in the selected types of physical and sports activities — swim-
ming and track running; and prior motor experience reflecting the level of mastery of basic motor skills and
their practical application [7].

All students who expressed a desire to participate in the experiment confirmed their basic proficiency in
the relevant types of physical activity and experience in systematic training in the chosen sports. Following
preliminary assessment, 50 first-year male students who met the established requirements and completed the
full experimental program (attending at least 80 % of all sessions and participating in all control tests) were
selected.

Training sessions were conducted twice a week, each lasting 90 minutes. Based on the students’ prefer-
ences and the results of initial physical fitness assessments, two experimental groups were formed: the
“Running” group (25 students), who engaged in track running training, and the “Swimming” group (25 stu-
dents), who trained according to a health-promoting swimming program.

The selection of means and methods of physical training was based on the students’ age, gender, health
status, physical development, functional capabilities, and baseline fitness level. The experimental work
spanned the entire academic period during which students attended the “Physical Culture” course, with con-
trol measurements conducted at the beginning and end of the training cycle.

Training in the “Running” group was based on the principle of gradual increase in aerobic load. At the
initial stage, students engaged in mixed locomotion involving walking and running at varying paces and du-
rations. This approach allowed for progressive adaptation of the cardiovascular and respiratory systems to
increasing physical demands. Subsequently, the proportion of walking was reduced, and the focus shifted to
running, with an emphasis on increasing the speed of covering a 1 km distance. As a result, after a two-
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month preparatory phase, 45-50 minutes of continuous running no longer caused signs of fatigue or health
deterioration among the students [7, 9].

The organization of training in the “Swimming” group was based on a comprehensive approach incor-
porating health-oriented swimming exercises using the front crawl, backstroke, and breaststroke techniques.
Each session was structured into introductory, main, and concluding parts. The introductory part included
general developmental exercises aimed at improving flexibility, preparatory exercises for mastering swim-
ming techniques, and light cyclic loads, such as walking and running on land. The main part focused on
learning and reinforcing swimming techniques, with gradual increases in distance and active swimming time.
As students’ skills improved, sessions increasingly incorporated continuous swimming with short recovery
periods in the water. The concluding part included strength exercises and special breathing exercises. All
training sessions were standardized in terms of duration, intensity, and frequency according to the approved
methodology [7, 9].

Methods and materials

A comprehensive methodology was applied in the study, incorporating morphofunctional tests, assess-
ment of physical working capacity, physical fitness, and the general physical condition of the students. Phys-
ical working capacity was determined using the Harvard Step Test and the calculation of the Harvard Step
Test Index (HSTI), allowing for the evaluation of the recovery rate of the cardiovascular system following a
standardized physical load (Thomas et al., 2020).

The health coefficient was calculated based on morphofunctional data using heart rate, blood pressure,
body mass, height, and age, according to the approved formula [11].

Physical fitness was assessed through control tests reflecting the development level of major physical
qualities, such as strength, endurance, speed, and coordination [6]. Physical condition was evaluated based
on morphofunctional indicators using modern express-assessment techniques [7].

Statistical analysis of the results included the calculation of the arithmetic mean, standard deviation, and
application of the Student’s t-test to determine the statistical significance of differences between groups
(Borg, 2019).

A comparative analysis of the influence of swimming and running activities on students’ physical fit-
ness, general physical condition, and health coefficient enabled an objective evaluation of the dynamics of
changes throughout the experiment.

Thus, the applied set of methods ensured a comprehensive evaluation of the investigated indicators and
provided a solid foundation for interpreting the obtained results.

Results and Discussion

An analysis of the dynamics of heart rate (HR) during the preparatory phase of the training sessions al-
lowed for the assessment of the adequacy of the “internal” load in both experimental groups. The HR indica-
tors of students engaged in track running and swimming showed a consistent increase throughout the session,
as presented in Table 1.

Table 1
Pulse Cost of Load During the Preparatory Phase of the Session
in Experimental Groups at the First Stage of the Main Period
Group Start of session  |5th minute 10th minute 15th minute 20th minute
Running 69.2+4.5 86.1£5.8 96.5£8.1 106.7£6.7 117.245.8
Swimming 69.94+4.1 84.8+£3.5 98.3+£5.9 109.1+£3.9 118.3+£7.5

As can be seen from the data in Table 1, a gradual increase in HR was observed in both groups, reflect-
ing a normal physiological response to the growing physical load. The differences between the groups, ac-
cording to the t-test results, were not statistically significant (p > 0.1). At the same time, the load in the main
part of the session caused an increase in heart rate up to 150—170 beats per minute, regardless of the type of
exercise. Thus, despite differences in the structure of physical activity, cardiovascular responses in students
of both groups were similar.
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At the beginning of the experiment, the physical condition of students in both groups was homogeneous
for almost all measured indicators, except for the results of the “shuttle run” test. The level of development
of students’ physical qualities is presented in Tables 2 and 3.

Table 2
Indicators of Students’ Physical Fitness at the Beginning and End of the Experiment
. Running Running Swimming Swimming
No. Indicators (Start) (End) (Start) (End)
1 |Speed (shuttle run 10x10 m, sec) 24.87+1.85 25.01£1.45 25.91+1.24 25.93+£1.55
2 |Handgrip strength (dynamometry, kg) 51.6+4.85 55.5+4.66 50.8+2.71 52.742.8
3 |Muscular endurance (pull-ups, reps) 14+£2.75 16+2.55 13.5+£2.33 14.7£2.5
4 |General endurance (1000 m run, min) 3.51+0.23 2.88+0.44 3.25+0.28 3.05+0.21
5 |AAdaptation level to physical load 79.33£9.87 | 80.75£9.66 | 80.15£10.5 | 82.33+10.55
(Harvard step test, arbitrary units)

The results in Table 2 demonstrate a positive dynamic in the development of physical qualities in both
groups. When comparing the 1000-meter running times, improvements were observed in both groups:
3.05+0.21 sec in the swimming group and 2.88+0.44 sec in the running group, with statistically significant
differences between the groups. Statistically significant differences were also established in the “shuttle run”
test results, where the students in the running group demonstrated higher speed levels (Table 3).

Table 3
t-Test Values Between the Experimental Groups “Running” and “Swimming”
in the Study of Students’ Physical Fitness Levels
No. Indicators Groups Mean Values t-test
1 |Speed (shuttle run 10x10 m, sec) Running / Swimming 24.87+1.85/25.91+1.24 1.37
Running / Swimming 25.01£1.45/25.93+1.55 5.12*
2 |Handgrip strength (dynamometry, kg) Running / Swimming 51.6+4.85/50.8+£2.71 0.26
Running / Swimming 55.5+4.66 / 52.7+2.8 1.48
3 |Muscular endurance (pull-ups, reps) Running / Swimming 14£2.75/13.5+2.33 0.43
Running / Swimming 16+£2.55/14.7£2.5 2.41*
4 |General endurance (1000 m run, min) Running / Swimming 3.51+0.23 /3.25+0.28 4.05*
Running / Swimming 2.88+0.44 / 3.05+0.21 5.6*

Note*. Statistically significant differences.

As shown in Table 3, most indicators of physical fitness demonstrated positive dynamics, particularly
pronounced in the “Running” group. Changes in the physical condition of students in the experimental
groups are indicated in Table 4.

Table 4
Students’ Physical Condition Level at the Beginning and End of the Experiment (%0)
Group | MO | dverage | Average | L2l | Low | High | DO | Average | TR | Low
(start) (start) (start) (start) (start) (end) (end) (end) (end) (end)
Swimming (6.4 329 449 11.2 3.6 9.3 38.9 34.8 12.2 2.7
Running |6.7 33.8 43.92 12.0 3.3 9.1 37.8 36.9 12.1 2.9

The data in Table 4 show that both groups experienced positive changes in students’ physical condition
levels. In the “Swimming” group, the increase in students with a high level of physical condition was 2.9 %,
while in the “Running” group it was 2.4 %. As illustrated in Figure 1, the dynamics of changes in the level of
physical condition were positive in both groups.
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Thus, the conducted analysis allows us to conclude that both swimming and track running had a benefi-
cial effect on the students’ physical condition. However, the effectiveness of health-promoting swimming
activities was somewhat higher, as evidenced by a greater increase in the proportion of students with a high
level of physical condition and a decrease in the proportion of students with low indicators.

Physical working capacity is an important indicator of the body’s functional state, reflecting a person’s
ability to perform specified physical work with minimal physiological costs while achieving maximum re-
sults. The assessment of students’ physical working capacity was carried out using the Harvard Step Test
(HSTI), which determines the recovery rate of the cardiovascular system after a standardized physical load.
The dynamics of students’ physical condition during the experiment are presented in Figure 1.

Start
End

=)}
T

Percentage (%)

Swirnlming Runlning

Figure 1. Physical condition level (“Above Average”) of students engaged in health-promoting physical activity
Note. White cells indicate the beginning of the experiment; grey cells indicate the end; differences are not statistically significant.
The results of the Harvard Step Test Index (HSTI) calculations are demonstrated in Table 5.

Table 5
Level of Physical Performance of Students at the Beginning and End of the Experiment

Indicator Group Mean Value t-test
Physical performance level (Harvard Step Test, arbitrary units) | Running 77.45+9.86 / 78.97+9.59 10.21/0.76

Swimming | 79.44+10.45 / 80.97+10.33
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Figure 2. Students’ Physical Performance Level

The analysis of the given data shows that the level of physical working capacity in the “Swimming”
group was slightly higher compared to the “Running” group; however, no statistically significant differences
between the groups were found. The visualization of the results is shown in Figure 2.

Additionally, an assessment of the students’ health coefficient (HC) was conducted. Calculations were
performed using the following formula:

HC = 0.01HR + 0.01SBP + 0.008DBP + 0.014A + 0.009BM — 0.009H — 0.27

where:

HR — heart rate,
SBP — systolic blood pressure,
DBP — diastolic blood pressure,

A — age,

BM — body mass,

H — height.

The mean health coefficient values were 2.115+0.19 in the “Swimming” group and 2.131£0.15 in the
“Running” group. Differences between the groups were found to be statistically non-significant (Figure 3).

2.0f

15¢

Health Index

0.5F

0.0

Bl At the beginning
- At the end

Swimming Running

Figure 3. Health Index Indicators in the Experimental Groups
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Summarizing the results, it can be noted that regular aerobic-oriented activities, regardless of the select-
ed type of physical exercise, contribute to the improvement of students’ physical working capacity and func-
tional state. However, more pronounced positive trends were observed in the swimming group. These find-
ings confirm the effectiveness of the systematic use of health-promoting swimming activities within the
framework of university physical education programs.

Conclusions

The conducted study confirmed the high effectiveness of systematic aerobic-oriented physical training
in improving the physical fitness, physical condition, and working capacity of students. The experimental
results are consistent with current scientific findings emphasizing the important role of cyclic types of exer-
cise, such as swimming and running, in developing the body’s functional resilience [5-7].

The analysis of heart rate dynamics, physical fitness levels, physical condition, and health coefficient
demonstrated positive changes in both experimental groups. Regular physical loads contributed to the activa-
tion of adaptive processes, which manifested in the improvement of key physiological indicators, a finding
also confirmed by previous studies [3, 12].

The greatest effect was observed among students engaged in health-promoting swimming. This group
showed a more pronounced positive dynamic in the development of physical qualities, improvement in phys-
ical working capacity, and enhancement of the health coefficient. These results align with the findings of
Tanaka and Swensen (2022), who emphasized the significant health-promoting impact of regular swimming
practice [13].

The comprehensive evaluation of the obtained data allows the conclusion that the inclusion of aerobic-
oriented exercises, especially swimming, in university physical education programs is highly advisable:

1. The development of physical qualities showed positive dynamics in both experimental groups, with
a greater increase in results by the end of the experiment observed among students in the “Swimming”
group.

2. The dynamics of physical condition and working capacity were positive in both studied groups.
However, the level of physical working capacity was slightly higher in the group engaged in health-
promoting running, whereas the health coefficient and physical condition level were more pronounced in the
“Swimming” group.

3. The most effective physical exercises contributing to the improvement of students’ physical condi-
tion and working capacity were health-promoting swimming activities. The increase in the proportion of stu-
dents with a high level of physical condition was 2.9 % in the “Swimming” group, compared to 2.4 % in the
“Running” group.

The obtained results highlight the importance of aerobic exercises within the educational environment,
particularly in shaping a healthy lifestyle and enhancing students’ functional readiness. The integration of
health-promoting swimming into university physical education programs appears to be a promising direction
for strengthening students’ health and fostering sustainable active lifestyle habits.
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Features of EEG and EMG Signals Before
and After Different Forms of Isokinetic Contraction
of the Upper Limb Muscle of Male Basketball Players

This study explores the differences between peripheral fatigue and central fatigue after eccentric and concen-
tric contraction fatigue. Eight male basketball student-athletes were selected as study subjects, with an age of
20.0£1.2 years, height 190.3+7.6 cm and weight 90.1+5.8 kg. Each subject was required to perform 10 sets of
10 eccentric and concentric contraction fatigue tests at equal speeds. During equal-speed training, EMG sig-
nals of the biceps and triceps were recorded simultaneously. Centrifugal contraction was performed one week
after centriolar contraction. The EMG signal and EEG signal were processed and analyzed using the MR3
EMG signal analysis software and MATLAB. Paired sample t-test was conducted for peak torque before and
after isokinetic contraction, EMG, MF, MPF of EMG signal and power spectrum ratio of EEG signal in each
frequency band. One-way ANOVA was conducted for each index after centripetal contraction and eccentric
contraction. The inflection point of the peak moment of isokinetic muscle force is basically the same as that
of the electromyographic signal. The fatigue time of centripetal contractile muscles is earlier than that of cen-
trifugal contractile muscles, and the degree of peripheral fatigue after centripetal contractile muscles is obvi-
ously higher than that of centrifugal contractile muscles. The degree of central fatigue after centrifugal mo-
tion is greater than that after centripetal contraction.

Keywords: exercise-induced muscle fatigue, concentric contractions, eccentric contractions, EMG, EEG.

Introduction

Exercise-induced muscle fatigue results from a transient decrease in the maximal voluntary contraction
capacity (MVC) of the muscles engaged in exercise due to excessive exertion [1, 2]. It is a prominent re-
search topic in exercise training and physiology [3]. According to the different physiological parts of fatigue,
it can be classified as central fatigue and peripheral fatigue [4]. Central fatigue can be attributed to the degree
of active activation of nerves and a reduction in the ability of nerve impulses to generate fatigue signals,
which in turn create a psychological resistance response. Peripheral fatigue, in contrast, is the decline in
musculoskeletal motor function caused by excessive exercise [5]. Both types of physiological fatigue directly
affect athletes’ balance ability, muscle control ability, movement accuracy and so on, thereby significantly
impacting sports performance. The effective regulation of athletes” neuromuscular systems has become the
way for athletes to choose their own training methods [6]. Currently, EEG and EMG can be used to evaluate
human exercise fatigue [7]. It has been shown that there is a large change in the threshold in the EMG signal
after exercise fatigue in humans [8], and the EEG signal changes accordingly with body fatigue [9]. The syn-
chronous coordination of EEG, EMG and sports can provide a better theoretical basis for athletes’ training.
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At present, some scholars [10-12] have combined isokinetic training instruments with surface electro-
myography technology to study the functional characteristics of muscles, such as the changes in muscle peak
torque and EMG time domain indexes (iEMG, RMS, etc.) and frequency domain indexes (MF, MPF, etc.)
during isokinetic training. However, few scholars combine isokinetic training systems with EMG and EEG
testing systems to observe the physiological changes in athletes after exercise fatigue. Therefore, muscle fa-
tigue is induced by different forms of isokinetic training with centrifuge and centrifuge; the changes in EMG
and EEG signals on the surface of the lower limbs before and after muscle fatigue are detected. The two sig-
nals are analyzed synchronously with the isokinetic testing system, and the difference in fatigue mechanism
between centrifugal and centrifugal isokinetic contraction is discussed, which provides a reference for scien-
tific training of upper limb muscle strength of athletes.

Materials and methods

1 Research subjects

Eight male basketball student-athletes, aged 20.0 +1.2 years, height 190.3 £7.6 cm and weight 90.1 £5.8
kg, were recruited as subjects. All subjects had healthy upper limb joints, no history of brain injury, regular
routine of work and rest for nearly three months, and no strenuous exercise within 72 hours before the exper-
iment. All subjects signed informed consent forms before the experiment.

2 Experimental instruments

The PHYSIOMED CON-TREX MJ Multi-Joint Isokinetic Training System (Germany) was used to in-
duce upper limb muscle fatigue in the subjects. The occurrence time of muscle fatigue was determined by
measuring the peak torque.

EMG signal of subjects during isokinetic contraction was measured by a Noraxon surface EMG tester
(USA), which included a wireless data receiving box, surface electromyogram acquisition module, electrode
piece and data line, and the sampling frequency was 1000 Hz. The surface electromyographic signals of the
biceps brachii and triceps brachii were measured and recorded during centripetal and centrifugal isokinetic
flexion and extension of the elbow joint.

EEG signals of subjects before and after fatigue during isokinetic centrifugal and centrifugal exercise
were recorded using the BP-32 electroencephalogram signal acquisition system produced by Brain Products,
Germany. The hardware includes 32 conductive caps, amplifiers, external power supplies and computers,
and the software includes BP Recorder 2.0 signal acquisition software and EEGLAB signal processing anal-
ysis software (Figure 1).

Figure 1. Display diagram of experimental equipment and test site example

2.1 Experimental procedure

2.2 Isokinetic muscle strength training and testing

The elbow joint of the subject was fixed according to the operation manual of the Con-Trex MJ isoki-
netic training system, and the subject was required to complete each flexion and extension with maximum
strength. The test mode was “elbow flexion and extension isokinetic — normal”, the movement mode was
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“centripetal — centripetal”, the test speed was 60 °/s, 10 groups x10 times, rest between groups for 1 min,
and the movement range was 60 °. At an interval of one week, the same test method was used to induce mus-
cle fatigue training in the “centrifugal — centrifugal” exercise mode, and the surface EMG signals were rec-
orded at the same time. After 1 min of rest after exercise, EEG signals were collected immediately.

2.3 Collection and Processing of EEG Signals

EEG signals before exercise and EEG signals after 10 groups x 10 isokinetic centripetal and centrifugal
movements were collected from each subject 3 times. The preparation was completed before the experiment
in strict accordance with the requirements. The impedance of each channel is less than 10 KQ, and the sam-
pling frequency is 1000 Hz.

2.4 EMG signal acquisition and processing

Acquisition: The subjects of this experiment were collected twice with an interval of one week, which
were 10 groups x10 isokinetic centripetal and isokinetic centrifugal motions. The dominant side of the upper
limb of the subjects was the right side, so the right biceps brachii and triceps brachii were selected for test-
ing. After 75 % medical alcohol disinfects the tested part, the electrode piece is stuck along the muscle fiber.
The center distance between the two electrodes was approximately 2 cm. Connect the electrode and the am-
plifier with wires. Checking the signal, the subjects carry out the active muscle force and collect the surface
EMG signal.

Processing: full wave rectification, smoothing, filtering and “normalization” of EMG signals by the ra-
tio of EMG amplitude to maximum peak torque are performed on the collected EMG signals.

2.5 Statistical analysis

Statistical statistics were performed using SPSS 20.0. Data are reported as the mean + standard devia-
tion (SD). Images were processed by use of Graphpad Prism 5 (GraphPad Software, La Jolla, CA, United
States) and Adobe Photoshop (Adobe, San Jose, CA, United States). Student’s t-test was used for analysis
between two groups with only one factor involved. A one-way ANOVA was used for analysis when more
than two treatments were compared. Significant differences were established at p < 0.05.

Results

3 Changes in force parameters during isokinetic contractions of different forms

Processing for averaging the calculation of the peak moment of isometric contraction movement for the
subject 10 times/group yielded the peak moment average/group. Trends in peak moment changes during
isometric contraction of the subject’s biceps brachii with triceps, as shown in Figure 2A, elbow flexors and
extensors both showed a tendency to peak moment drops during centripetal versus eccentric contractions
with significant inflection points. Contrasting the centripetal versus the peak moment change during eccen-
tric contraction for biceps and triceps reveals that the time to peak moment change during eccentric contrac-
tion lags behind that during centripetal contraction (Figure 2).

Contrasting the peak moment values before and after the peak moment drop inflection points during
isometric contraction of biceps and triceps (Table 1), there was a significant difference in peak moment val-
ues before and after the peak moment drop inflection points between elbow flexors and extensors when they
performed centripetal and centrifugal contractions (P < 0.05). Therefore, it was judged that the muscle might
have developed fatigue after the peak moment showed an obvious descending inflection point.
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Figure 2. Variation in the peak torque of isokinetic contractions of the biceps and triceps brachii

Table 1
Comparison of the isokinetic peak contraction moment of the biceps
and triceps brachii before and after inflection point (Nm)
Before inflection point | After inflection point t P
biceps centripetal 44.1+6.2 35.8+£5.3 2.878 0.012
centrifugal 42.5+5.2 36.844.2 2413 0.03
triceps centripetal 34.5+5.2 27.6+4.5 2.832 0.013
centrifugal 39.8+4.2 34.6+4.9 2.279 0.039

3.1 Changes in sSEMG parameters during different forms of isokinetic contraction

3.1.1 iEMG changes during isokinetic contraction

Based on the data of integrated EMG values after normalization to the brachial biceps, it was found that
the inflection point of the change in integrated EMG values of the biceps in centripetal contraction appeared
significantly earlier than that of the inflection point in eccentric contraction (Figure 3A). Based on the
changes in integrated EMG values after normalization to the triceps, it was concluded that the inflection
point of the rise of integrated EMG values during centripetal contraction was earlier than that during eccen-
tric contraction (Figure 3B).

When the biceps brachii were subjected to centripetal and eccentric contraction, respectively (Table 2),
the iIEMG after the emergence of the inflection point was all significantly higher than that before the inflec-
tion point (P < 0.05); When the triceps brachii underwent centripetal contraction (Table 2), the iEMG after
the inflection point was significantly higher (P < 0.01) than that before the inflection point, and the iIEMG
after the inflection point increased (P < 0.05) during isometric eccentric contraction. The biceps brachii
gradually developed fatigue after performing group 6 isometric centripetal contraction exercise and group 8
isometric centrifugal exercise, respectively; Triceps brachii developed muscle fatigue after group 6 isometric
centrifugation exercise and group 7 isometric centrifugal exercise, respectively (Figure 3). The inflexions of
the iIEMG changes of the biceps and triceps centripetally were all found to occur significantly earlier than the
inflexions of their respective eccentric contractions.

24 ISSN 3081-0531 (Print) ISSN 3081-054X (Online)



Features of EEG and EMG Signals Before...

>

150
140
130
120
110
100

of biceps brachii

90
804
70

Variation of IEMG in isokinetic contraction

-®- centripetal
& centrifugal

— T T T T T T
4 5 6 7 8 9 10

Group

1501
1404
130
120
1104

of triceps brachii

1004
90
80

= centripstal
- centrifugal

Variation of iEMG in isokinetic contraction

70—
1.2 3 4

T
5

Grou

T T T T T
6 7 8 9 10
P
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Table 2
Comparison of isokinetic iIEMG of biceps and triceps brachii before and after inflection point (uV*s)
Before inflection point | After inflection point t P
biceps centripetal 163.1£20.2 194.8423.3 2.908 0.011
centrifugal 151.5+18.3 171.8+16.2 2.349 0.034
triceps centripetal 168.5+£18.9 208.6+28.3 3.332 0.005
centrifugal 163.8+20.3 195.8+£23.9 2.886 0.012

According to the following formulas, the iIEMG growth rate after different forms of isometric contrac-
tion-induced muscle fatigue was calculated, and using one-way ANOVA, we concluded that the iIEMG
growth of biceps and triceps after isometric centrifugation contraction-induced muscle fatigue were both sig-
nificantly larger than the growth value after isometric centrifugal contraction (P < 0.01), so the degree of
muscle fatigue was greater after isometric centrifugation contraction (Fig.4A). The time to fatigue of the
muscle during isometric centripetal contraction is significantly earlier than the time to fatigue of the muscle
during isometric centrifugal contraction (Figure 3). Thus, isometric centripetal contraction is more prone to
peripheral muscle fatigue.
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Figure 4. Rate of IEMG, MF and MPF before and after isokinetic muscle fatigue in different forms

Calculation formula: Rigmg = [IEMG (10) — iEMG (1)] IEMG (1);
Note: Riemg represents the rate of integral EMG growth, iEMG (10) represents the integrated EMG of
the tenth set of isokinetic movements, and iEMG (1) represents the integrated EMG of the first set of isoki-
netic movements.
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3.1.2 MF changes during isokinetic contraction

The time inflexions of the change in the median frequency of centripetal contractions of both biceps and
triceps were significantly earlier than those of eccentric contractions (Figure 5). The normalized MFS after
the appearance of the inflexion point was significantly lower than that before the inflexion point (P < 0.05),
and the tendency for the MF to decrease was largely consistent with its peak moment as well as with the in-
flexion point at the appearance of the iEMG (Table 3). Taken together, the decreasing trend of MF in EMG
indicates fatigue phenomenon in muscle.
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Figure 5. Variation of MF in the isokinetic contractions of biceps and triceps brachii

Table 3

Comparison of the isokinetic MF of the biceps and triceps brachii before and after the inflection point (Hz)

Before inflection point After inflection point t P
biceps centripetal 63.249.6 51.3£8.2 2.665 0.018
centrifugal 64.1+£8.3 55.4+7.8 2.16 0.048
triceps centripetal 65.4+10.2 52.347.1 2.981 0.009
centrifugal 64.5+9.8 54.3£7.8 2.303 0.037

According to the following formula, the decline rate of the median frequency of the EMG signal after
different forms of isokinetic contraction induced muscle fatigue was calculated (Figure 4), and one-way
ANOVA was performed to conclude that the decline of the median frequency of biceps and triceps after iso-
kinetic contraction induced muscle fatigue were both larger than that after isokinetic centrifugal contraction
(P < 0.01), so the degree of muscle fatigue was greater after isokinetic centrifugation contraction. The fatigue
time that the muscles appeared during isometric centripetal contraction was significantly earlier than that
during isometric centrifugal contraction (Figure 5), and this result was basically consistent with the iIEMG
results of the elbow flexor and extensor muscle groups. Therefore, isometric centripetal contraction is more
likely to produce peripheral muscle fatigue than isokinetic centrifugal contraction.

Calculation formula: : Ryr=[MF(1)-MF(10)]/MF(1)

Note. RMF represents the median frequency rate of decline, MF (10) represents the median frequency of the tenth set of isoki-
netic movements, and MF (1) represents the median frequency of the first set of isokinetic movements.

3.2.3 MPF changes during isokinetic contraction

During progressive centripetal and eccentric contractions, the normalized mean power frequency (MPF)
of the biceps and triceps showed an overall gradual decline with significant inflection points. The MPF val-
ues after the appearance of the inflexion point were significantly lower than those before the inflexion point
(P < 0.05), largely consistent with their inflexions in iEMG and MF values (Table 4), and the change in MPF
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during centripetal contraction occurred significantly earlier than the inflexion point during eccentric contrac-
tion (Figure 6), a result that was identical to the change in MF after fatigue during isometric contraction.

Table 4
Comparison of the isokinetic MF of biceps and the triceps brachii before and after the inflection point (Hz)
Before inflection point After inflection point t P
biceps centripetal 94.1£17.5 77.3+£13.2 2.168 0.048
centrifugal 104.1£15.6 88.4+12.7 2.207 0.045
triceps centripetal 96.5+£16.2 75.3+£10.5 3.106 0.008
centrifugal 105.5£17.1 85.3+11.2 2.795 0.014
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Figure 6. Variation of MPF in isokinetic contractions of biceps and triceps brachii

According to the following formula, to calculate the decline rate of the MPF value of the
electromyographic signal (Figure 4C), The decrease in the average power frequency of the biceps and triceps
after muscle fatigue caused by isometric cardiac contraction was significantly greater than that caused by
isometric cardiac contraction (P < 0.01). In other words, muscle fatigue was greater after isometric centrifu-
gation contraction. The time that the muscle developed fatigue during isometric centripetal contraction was
significantly earlier than that during isometric centrifugal contraction (Figure 6); this result was consistent
with the muscle contraction EMG signal iEMG and MF results. Thus, isometric centripetal contraction is
more prone to fatigue in peripheral muscles than isokinetic eccentric contraction.

Calculation formula: : Rype=[MPF(1)-MPF(10)]/MPF(1) ;

Note. Rypr represents the average rate of power frequency decline, MPF (10) represents the average power frequency of the
tenth set of isokinetic movements, and MPF (1) represents the average power frequency of the first set of isokinetic movements.

3.3 Changes in EEG parameters before and after different forms of isokinetic contraction

3.3.1 EEG power spectral changes before and after isokinetic contraction

The subjects underwent EEG signal acquisition and processing in triplicate before, after centripetal, and
after eccentric exercise, to derive the ratio of energy at different frequency bands in each lead. The power of
the prefrontal and parietal leads was studied when the change in EEG power values was greater after exercise
fatigue.

By comparing the percentage of wave power values obtained before and after isometric centripetal
movement, the wave power values obtained for the leads of the FP1, F3, F4, FC1, FC2, C3 and C4 channels
all improved after isometric centripetal movement (P < 0.05), indicating that waves in the frontal and parietal
lobes following isometric centripetal movement power increased (Tab. 5). The power ratio of EEG signal
waves increased significantly (P < 0.01) in the FP1, FP2, F3, FC1, FC2, C3, C4 and CP1 channels after
isometric centrifugal exercise compared to that before exercise. There was a significant increase in the power
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of the prefrontal and parietal EEG signal waves after the subject performed an isokinetic centrifugal contrac-
tion exercise (Figure 7).

Table 5
Ratio of 8 power before and after exercise (%)

Lead Before exercise After centripetal movement After eccentric exercise
Fpl 16.442.5 20.3+3.8* 23244 1*%*

Fp2 16.6+3.1 19.8+3.6 22244 2%

F3 17.8£3.5 21.9+4.0* 24.344.5%*

F4 16.7£3.2 20.6+3.4* 21.8+4.6*

Fcl 16.44+3.2 20.8+3.6* 23244 1*%*

Fc2 16.6+3.3 21.3+4.1%* 22.844.5%*

C3 17.0£3.8 22.3+4.3% 24.843.9%*

C4 17.1+4.1 22.8+4.2% 25244 8*%*
CP1 17.0£4.2 21.344.1 23.8+4.6%*
CP2 16.6+3.5 19.5+4.0 21.8+4.3*

Notes*. Indicates significant difference before and after fatigue (P < 0.05).
Notes**. Indicates a highly significant difference before and after fatigue (P < 0.01).

Before exercise After exercise

Figure 7. Changes in brain topography before and after isokinetic exercise

The percentage change in the wave power value of brain waves after isometric centripetal movement
compared with that before movement was not statistically significant for all channels (P > 0.05, Table 6).
The decrease in the ratio of the power value of the EEG signal wave of the four channels F4, C3, C4 and
CP1 after isometric centrifugal exercise was statistically significant (P < 0.05). Therefore, part of the EEG
signal wave power in the parietal lobe decreased when the subject performed isokinetic centrifugal contrac-
tion exercise.
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Table 6
Ratio of 0 power before and after exercise (%)

Lead Before exercise After centripetal movement After eccentric exercise
Fpl 18.5+3.4 19.84£3.5 17.9+3.8

Fp2 18.7£3.6 19.244.1 18.5+3.1

F3 20.3+4.3 19.3+4.0 17.6+3.4

F4 20.443.8 21.8£3.6 16.4+3.5*

Fcl 20.2+3.2 20.8+£3.9 19.243.6

Fc2 20.6+3.3 21.5£3.6 18.6+3.2

C3 21.0£3.8 20.3£3.5 16.54+3.5*

C4 21.5+4.1 20.8+4.3 17.5£3.1*

CP1 21.0+£3.9 19.5+4.1 17.243.2*

CP2 20.6+3.5 19.8+£3.9 18.9+3.4

Notes*. Indicates a significant difference before and after fatigue (P < 0.05).

After isometric centripetal movement, all channels a None of the changes in the ratio of wave power
values (Table 7) were statistically significant (P > 0.05). When the subject performed isokinetic eccentric
contraction exercise, the C3 and C4 channel EEG signal o wave power decreased somewhat (P < 0.05), con-
sistent with the trend of changes in brain topography (Figure 7).

Table 7
Ratio of a power before and after exercise (%)

Lead Before exercise After centripetal movement After eccentric exercise
Fpl 46.5+£8.4 43.6£7.4 41.846.9

Fp2 45.7£7.6 43.9+£7.1 41.6+7.2

F3 42.0+8.3 39.746.3 39.5+6.6

F4 42.8£7.8 40.8+6.5 39.1£6.1

Fcl 43.3+7.2 41.6£6.2 40.7£5.8

Fc2 42.7+8.3 39.3+7.4 38.3+6.5

C3 42.5+8.8 38.8+6.5 35.9+6.3*

C4 41.319.1 38.3£7.2 35.2+6.2*

CP1 42.3£7.9 39.6+6.8 38.5£7.3

CP2 42.7£8.5 40.9+8.4 38.8+6.4

Notes*. Indicates significant difference before and after fatigue (P < 0.05).

After isometric centripetal movement, there was no change in channels p Wave power. When subjects
performed isokinetic eccentric systolic exercise postexercise (Table 8), EEG signals were obtained from
FC2, C3, and C4 channels B Wave power decreased compared with that before exercise (P < 0.05), and this
result was in the same trend as that of brain topography (Figure 7).
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Table 8
Ratio of B power before and after exercise (%)

Lead Before exercise After centripetal movement After eccentric exercise
Fpl 18.5+3.4 17.3+4.1 16.6£3.1

Fp2 18.7£3.6 17.8£3.9 16.5+£3.7

F3 20.3+4.3 19.3+4.1 17.3£3.2

F4 20.443.8 21.1+4.8 19.243.8

Fcl 20.2+3.2 20.9+3.7 17.94£3.5

Fc2 20.6+3.3 19.3+£3.8 16.3+£3.2*

C3 21.0£3.8 17.244.1 16.243.1*

C4 21.5+4.1 18.5+£3.7 16.5+3.5*

CP1 21.0+£3.9 20.5+4.1 19.5£3.9

CP2 20.6+3.5 19.6+£3.9 18.6+4.1

Notes*. Indicates a significant difference before and after fatigue (P < 0.05).

3.3.2 Comparison of EEG power spectral changes before and after centrifugation contraction

When human exercise produces central fatigue, there is a left shift in the EEG signal energy spectrum,
that is, an increase in the power of EEG signal waves at low frequencies, whereas a Wave and  Wave such
high frequency segment wave form power overall shows a decreasing trend [13-16]. The results were gener-
ally consistent with the conclusion that the wave occupancy ratio was higher after centrifugation and centrif-
ugation than before exercise in some channels o Wave and f the bozantic ratio appears reduced.

Table 9
The change value in & power after different forms of isokinetic fatigue (%)

Lead Centripetal contraction Eccentric contraction P
Fpl 3.9+1.1 6.8+1.8 0.002
Fp2 3.2+1.3 5.6+1.2 0.002
F3 4.1+1.4 6.5+1.7 0.008
F4 3.9+1.1 5.1£1.3 0.066
Fcl 4.4+1.2 6.8+1.7 0.006
Fc2 4.7+1.4 6.3x1.4 0.038
C3 5.3£1.3 7.8+2.3 0.018
C4 5.7+1.2 8.1+1.8 0.007
CP1 4.3+1.5 6.8+1.7 0.008
CpP2 3.3+1.1 5.2+1.8 0.023

When isokinetic centrifugal contraction exercise fatigue was followed, the specific growth rate of brain
wave power accounted for by all channels in the prefrontal and parietal lobes was higher than the isokinetic
centrifugal contraction fatigue growth rate (Table 9), indicating that isokinetic centrifugal contraction exer-
cise generated a greater degree of central fatigue.

Discussion

4.1 Relationship between SEMG and peripheral fatigue during different forms of isokinetic exercise

When muscle appears fatigued, it shows a tendency of increasing time domain indexes and decreasing
frequency domain indexes. During the experiment, the time-domain index iIEMG gradually increased, while
the frequency-domain indexes MF and MPF both showed a gradual decreasing trend. When each cycle of
isometric movement reached a certain amount, significant inflexions occurred in the broken line plots be-
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tween iIEMG, MF, and MPF and the number of movements, and the data before and after the inflexions were
all significantly different. The appearance times of iEMG, MF, and MPF inflexions during isometric centrif-
ugation contraction were all earlier than those during isometric centrifugation contraction. In addition, the
isometric centripetal contraction iEMG growth rate was significantly higher than the isometric centrifugal
contraction growth rate. Similarly, centripetal contraction had a higher rate of MF and MPF decline after fa-
tigue than did centrifugal contraction. Thus, centripetal contractions are more likely to produce muscle fa-
tigue than eccentric contractions.

IEMG indicates the sum of myofiber discharge involved in muscle contraction in unit time, and an en-
larged iIEMG indicates an increased number of myofibers involved in movement or discharge from each
muscle fiber. Edwards et al. (1956) noted an increase in time and exercise intensity with a consequent in-
crease in the slope of the iEMG curve and as the slope increased the point at which the muscle began experi-
encing fatigue. The experimental results were consistent with the findings of Edwards et al. When the exer-
cise load increases, the fast twitch fibers involved in locomotion gradually increase, the slow twitch fibers
decline in number, and the fast twitch fibers have higher amplitudes than the slow twitch fibers, thus produc-
ing an elevation of the integrated electromyographic value. In addition, the number of myofibers mobilized
by the muscle increases to satisfy the contractile activity of the muscle, so the overall discharge of the muscle
increases, manifested as an increased integrated myoelectric value.

When a muscle experiences fatigue, there is an overall upward trend in iEMG, possibly because the fa-
tiguing muscle needs to recruit more muscle fibers to participate in exercise (Figure 2B). The muscle fatiga-
bility of the upper limb muscles when performing centripetal contraction was significantly higher than that
during eccentric contraction, and the change time was also earlier than that during eccentric contraction. This
may be because contraction is met by fewer myofibers recruited when the muscle is undergoing initiation of
centripetal contraction, fatigue occurs when the muscle is subjected to increased exercise time, and centrifu-
gal contraction is met by more myofibers recruited to the movement, as well as more fast myofibers recruited
to the contraction. Therefore, the integral EMG value increased less after fatigue in eccentric contraction
muscles than in centripetal contraction, and the recruitment of new myofibers to exercise by centripetal con-
traction also occurred earlier than in eccentric contraction.

The spectrum and power spectrum obtained from the fast Fourier transform (FFT) of the surface EMG,
MF and MPF, can respond to the change in the EMG signal between different frequencies. The EMG power
spectrum is essentially a reflection of the relationship between EMG energy and frequency. Therefore, some
scholars have proposed [18] analysis of the frequency-domain index of the EMG signal, which can reflect
the number of different types of muscle fibers involved in exercise during muscle contraction and the dis-
charge amount of muscle in different frequency bands. In turn, the EMG frequency-domain analysis is used
as an analysis method for judging muscle fatigue. When the muscle produces fatigue, the spectrum of the
muscle EMG signal shifts to the left, so that the median frequency and mean power frequency of the muscle
EMG show decreased numerical MF and MPF values [19-21]. When the degree of muscle fatigue deepens,
the amplitude of the left shift of the frequency-domain index of EMG signal increases, which manifests as
the decrease amplitude of MF and MPF of the frequency-domain index of EMG signal increases [22]. The
main reason why the frequency-domain index of EMG appears to decrease when muscle appears fatigued at
present is the following points: some scholars believe [23] that muscle appears fatigued when it produces
accumulation of acidic metabolites such as lactate, leading to the decrease of action potential conduction ve-
locity of muscle fiber; Another scholars believe [24] that the proportion of type Il muscle fibers involved in
exercise increases when the muscle fatigues, resulting in the decrease of frequency-domain indexes; It has
also been argued that muscle fibers involved in exercise when fatigue occurs produce fatigue, and muscle
recruits more slow muscle fibers to participate in exercise, thus leading to a decrease in frequency-domain
metrics [25]. Taken together, the mechanistic level of the generation of EMG changes after fatigue awaits
further study by scholars.

4.2 Relationship between EEG power spectra and central fatigue during different forms of isokinetic
exercise

When muscles fatigued with isometric centripetal movement, the ratio of power values of EEG signal
waves in leads of FP1, F3, F4, FC1, FC2, C3 and C4 channels significantly improved (P < 0.05). The power
values of channel EEG signals in the frontal and parietal lobes of FP1, FP2, F3, F4, FC1, FC2, C3, C4, CP1,
CP2 all had significantly higher values after isometric centrifugal exercise muscle fatigue compared to be-
fore exercise (P < 0.05, Table 5). When fatigue is induced by exercise, the EEG signal wave energy of the
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prefrontal and parietal lobes of the brain will increase, indicating that the brain center also produces fatigue.
The central nervous system prevents excessive fatigue in the brain. The inhibitory signal of the cerebral cor-
tex is constantly increasing, the excitation signal is gradually decreasing. Therefore, the phenomenon of the
left shift of the EEG signal energy spectrum and the proportion of slow wave energy in the main wave will
increase. However, when the exercise muscle fatigued by centrifugal contraction, the proportion of power
value of EEG signal wave of F4, C3, C4 and CP1 four channels decreased significantly (P < 0.05, Table 6),
because the wave was the same slow wave as the wave, but the wave was 4-7 Hz waveform, while the wave
was 1-3 Hz waveform, so the reason for the wave decline might be that during the 10 group isometric cen-
trifugal exercise, the center developed fatigue before the end of the exercise, fatigue and continued to per-
form isometric centrifugal exercise after fatigue, leading to the deepening of fatigue, This causes a continu-
ing left shift of the EEG signal energy spectrum, producing a rise and fall of waves after isometric centrifu-
gal exercise fatigue.

Contractile movements of skeletal muscle are innervated by brain centers, and brain EEG signals con-
trol muscle fiber gains and losses during muscle contraction via motor nerves, which in turn control the con-
tractile effects of peripheral skeletal muscle while, when stimulated peripherally, feedback to the central
nerves in the form of electrical signals [26]. Changes in EEG signals are a protective behavior during central
motor fatigue [27]. When the brain receives fatigue signals from peripheral feedback, the center will produce
inhibitory transmitters, at the same time excitatory transmitters gradually decrease, in turn leading to the cer-
ebral cortex less excitability in the frequency of neural excitation, and the phenomenon of producing an EEG
signal energy spectrum shift to low frequency.

When the growth rate of the power occupied ratio of brain waves in most channels of the prefrontal and
parietal lobes was higher than that of the fatigue of isokinetic centrifugation contraction after isokinetic cen-
trifugal motion (Table 9), that is, the degree of central fatigue generated by isokinetic centrifugal contraction
exercise was greater, and this result agreed well with the results of previous scholars' research. There are
studies that induced fatigue in knee extensors by isometric muscle strength trainers and extracted central ac-
tivation level VA for analysis after fatigue of centripetal and centrifugal contraction, the central fatigue after
isometric centrifugal exercise is greater than that of centripetal exercise [28-30]. However, there are mixed
accounts of the mechanisms leading to central fatigue after isometric centrifugal contraction exercise.
Michaut et al. (2002) considered that isokinetic centrifugal contraction when exercise, muscle fiber over con-
traction caused muscle pain and weakness sensation, the motor nerve transmitted the signal to the central
nerve in the form of negative feedback, the brain to avoid producing excessive fatigue, the cerebral cortex of
reduced excitability, higher inhibition, produces the phenomenon of central fatigue, and then leads to the de-
crease of the brain's ability to innervate muscle contraction. Martin et al. (2005) suggested that the mecha-
nism of central fatigue after isokinetic eccentric exercise may be due to muscle class Il and IV afferent fi-
bers being affected by accumulated metabolic substances.

Conclusion

In the process of muscle fatigue induced by isokinetic training, the extrinsic performance of muscle and
the change in electrical signal have mutual reference value, and the index of isokinetic muscle force and the
index of electromyographic signal can be combined as an evaluation index of muscle fatigue. Elbow flexors
and extensors developed significant muscle fatigue after performing 100 cycles of maximal isometric cen-
trifugation and isometric eccentric exercise, and the rate of change of iEMG, MF, and MPF of EMG signal
after isometric centrifugation fatigue was higher, and the inflection point of change was earlier than that of
centrifugal contraction, indicating that centrifugal contraction was more fatigue resistant and the degree of
peripheral fatigue after centrifugation contraction was higher than that of centrifugal contraction. There was
a clear increase in the wave to duty ratio of the brain's prefrontal and parietal EEG signals, indicating that
centripetal and centrifugal isokinetic movements produced significant central fatigue. The magnitude of the
increase in the wave duty ratio was greater after isometric centrifugal exercise, and the degree of central fa-
tigue was stronger after isometric centrifugal exercise than after isometric centripetal exercise.
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Meta analysis of the effects of resistance training
on the lower limb muscle strength of basketball players

The objective of the study is to comprehensively evaluate the effects of resistance training on the improve-
ment of lower limb motor function of basketball players. During the study the following methods were ap-
plied: Elsevier, SCI-E, CNKI and other databases were searched to collect the relevant randomized controlled
experiments on the effects of resistance training on the lower limb muscle strength of basketball players. The
search time was set to March 2020, and the references of the included literatures were retrospectively
searched. The quality of the literature was evaluated. Statistical analysis was conducted using RevMan 5.3
software to compare the effects of training programs and intensity on the sports performance of basketball
players using odds ratio and 95 % confidence interval as effect indicators. As a result, a total of 14 literatures
and 313 experimental samples were included. Compared with the control group, the results showed that re-
sistance training could significantly improve the running height of basketball players (SMD=-4.92, 95 %ClI (-
6.31, -3.54), P<0.00001). The resistance training could significantly improve the longitudinal jumping of bas-
ketball players (SMD=-1.69, 95 %ClI (-2.11, -1.28), P<0.00001). The resistance training could improve the
speed of basketball players at 20m sprints (SMD=0.24, 95 %CI (0.04, 0.43), P=0.02). The resistance training
could significantly improve the standing long jump of basketball players (SMD=-11.46, 95 %CI (-18.09, -
4.83), P=0.0007). It was concluded that resistance training can improve the lower limb movement ability of
basketball players.

Keywords: basketball, resistance training, strength exercise, plyometrics, strength of lower limb muscles.

Introduction

Invented in 1891, basketball has evolved into one of the world’s most popular and widely viewed
sports. There is a great amount of basketball leagues all over the world, such as China’s CBA league, NBA
league in the US, EuroLeague, etc. In recent years, 3X3 basketball games have become popular all over the
world. As the improvement of competition level, the players are required to have more excellent athletic
ability; it is largely dependent on the ability to produce maximum neuromuscular strength [1]. Therefore, the
players shall achieve a relatively high level of strength, and turn it into achievements to the greatest extent.
The player’s good lower limb muscle strength and function are the key factors of their basketball perfor-
mance [2-4], and it is the guarantee for their daily activities and training [5, 6], so the scientific and rich anti-
group training program to help athletes achieve the best athletic ability has been given attention [1, 7, 8].
Some coaches and researchers have experimented that heavy load resistance training [9, 10], explosive re-
sistance training [11, 12], electrical stimulation training [12], vibration training [13], plyometric training, etc.
are more effective methods to improve jumping ability and leg muscle strength [14-16]. In contrast, there are
also some authors who believe that these training modalities do not significantly improve lower limb athletic
ability [17-21], and some of them even report negative effects [22]. Moreover, there are few studies on the
improvement or improvement of basketball players’ lower limb muscle strength and athletic ability by re-
sistance training methods in China, and there are some controversies about the formulation of basketball
players’ lower limb muscle strength training plan. In view of this, this paper uses Meta-analysis method to
guantitatively and comprehensively analyze the literatures at home and abroad on different resistance train-
ing methods to improve the lower limb muscle strength of basketball players; discusses the possible hetero-
geneity and bias of the included literatures, and quantitatively analyzes the results to obtain more scientific
and regular effect results. This paper also analyzes the influence of different resistance training methods on
basketball players’ achievements, such as running height, longitudinal jumping, 20-m sprints and standing
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long jump. It is expected to provide theoretical basis and practical scheme for the improvement of basketball
players’ lower limb muscle strength and sports performance.

Methods and materials

1. Document Retrieval

The computer retrieval databases are as follows: Elsevier, SCI-E, and CNKI databases. The Chinese
search words are “I5¥k, =315, ALK, MO, TERALD, E3hIH8E", etc., the English search
words are “basketball, athletes, sportsman, strength training, lower limbs, FMA”, etc. For different data-
bases, the corresponding combination of subject words, free words and keywords are selected. A total of
36,199 literatures were obtained. After deduplication and research direction preliminary screening, 18,902
literatures were remained. Further reading the title and abstract, 842 literatures were retained, and after read-
ing the full text and excluding conferences and reviews, articles unrelated to basketball, 87 literatures were
remained. Finally, after excluding no data and specific indicators and non-lower limb muscle strength influ-
ence indicators, 14 literatures were finally included for Meta-analysis (Figure 1) [23-36].

1.1 Literature review criteria

The included literatures would have a direct impact on the reliability and validity of the Meta-analysis
results. In order to include scientific research, strict included criteria are required: 1) The included research
shall be Chinese and English literatures of randomized controlled trials of basketball players’ resistance
training; 2) The experimental subjects shall be basketball players, and the experimental data include the basic
conditions and training indexes of the subjects before and after the experiment; 3) Exercise intervention shall
be greater than or equal to 2 times/week. The total duration of the experiment shall be at least 6 weeks.

1.2 Data information extraction

The standardized procedures and forms are strictly followed, and the basic information, sample size,
age of subjects, experimental design, intervention time, overall intervention time, attrition rate, etc. of the
included literatures are used as preliminary indicators of literature bias and heterogeneity. Results of index
data: The mean (X) and standard differences (SD) of the indexes and effect sizes of the subjects’ approach
run and touch, longitudinal jump, 20-m sprints, standing long jump, etc. According to the data required in
this study and the data format processing using RevMan5.3 software, the data converter in the software is
used to extract the data included in the literatures and unify the format.

Literatures retrieved through database search (n=36199) The supplementary literatures through other re-
CNKI (n=32382) Elsevier (n = 3442) SCI-E (n=375) sources(n=0)

{

The literatures after deduplication (n=18902)

\ .
A Exclude the literatures (n = 18060)
The screening after reading the title Non-research literatures including conference or reviews (n=2281)
— unrelated to the topic (n = 13006)
and abstract(n=842) non-basketball players (n=2773)

Y

Exclude the literatures (n=755)
P f — Without the original data or specific index (n=418)
After reading whole literature(n=87) non-evaluation index of the effects to the lower limb explosive

strength(n=337)

Y

The final included literatures (n = 14)

Figure 1. Literature Selection Flow Diagram

1.3 Quality evaluation
The quality of the included literature was evaluated according to the Literature Quality Evaluation Cri-
teria Manual recommended in Cochrane Manual 5.1.0.
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1.4 Data statistical processing

RevMan5.3 is mainly used to evaluate publication bias and test heterogeneity, merge data and draw bias
and forest maps; The data to be processed in this paper are continuous data, and the effect size MD (Mean
Differences) fixed and random effect models have 95 % confidence intervals. The judgment of heterogeneity
is mainly based on I?, and when I? < 50 %, the fixed effect model is adopted; When I > 50 %, the random
effects model is adopted. The significance level o = 0.05.

Results and Discussion

2 Basic information and quality discussion of the included literatures

In total, 36,199 literatures were obtained. After preliminary elimination of duplicates, 18,902 records
remained. Further reading of the title and abstract excluded 18,060 studies that did not meet the inclusion
criteria. After preliminary screening, 87 literatures were retained. After the full-text review and quality eval-
uation, 14 literatures were finally included, consisting of 10 Chinese and 4 English studies.

Table 1 shows the basic information of the included literature in the Meta-analysis, and the sample size
is 313 participants in the included literature, and the subjects are all basketball players; All included studies
examined resistance training. In particular, plyometric training, which is commonly used in foreign studies,
involves rapid and powerful contraction after muscle elongation. This muscle activity method is named as
the “Stretch-Shortening Cycle (SSC)”. This training method will make the muscles stretch quickly, thus
stimulating the proprioceptors of the muscle spindle, allowing them to transmit information to the central
nervous system and make reflexes, thus prompting more muscle fibers to deliver more energy. Studies have
pointed out that the time of resistance training should be 2-3 times a week for each large muscle group.

Table 1
Basic Information Included Research
The included litera- [Number Duration Trainin Quality
ture of Age Gender Training method (weeks) volumeg Score
(first author) sample (PEDro)
1 2 3 4 5 6 7 8
Approach run and
touch
Gan Liju 6 21.08+1.41 Male HISRT+LBFRT 8 3 times/week 4
Comprehensive Training
Gan Liju 6 21.08+1.41 Male HISRT training 8 3 times/week 4
Yin Wei 7 19.71+0.37 Female Core strength training 12 3 times/week 4
Yin Wei 7 19.86+0.37 Female General resistance training 12 3 times/week 4
Zhao Qichao 6 21.00+0.894 Male Single leg resistance training 10 3 times/week 4
Zhao Qichao 6 21.00+1.265 Male Two legs resistance training 10 3 times/week 4
Hu Chengye 12| 19.08+1.03 Na | Rapid te'efrg?ﬁi'ﬁgcomp"””d 8 3 times/week 3
Li Shaosong 8 18~22 Male |Single leg flexion hard stretch 6 2 times/week 3
Li Shaosong 8 18~22 Male Two legs flexion hard stretch 6 2 times/week 3
Yang Zhongjun 8 18.75+1.58 Male Maximum resistance training 8 3 times/week 4
Yang Zhongjun 8 19.38+1.77 Male Sub-Maﬁlrr:it:]rirr]]éeswtance 8 3 times/week 4
Yan Yufeng 8 18.8+1.35 Male Resistance training 8 2 times/week 4
Li Ning 12 20.79+0.64 Male Plyometric training 12 3 times/week 4
Ma Tianze 14 160 Male Lower limb burst training 8 3 times/week 4
General average 8.29 19.26 NA NA 8.86 2.79 times/week NA
20M sprints
Gan Liju 6 21.08+1.41 Male HISRT+.LBFRT . 8 3 times/week 4
Comprehensive Training
Gan Liju 6 21.08+1.41 Male HISRT training 8 3 times/week 4
Bogdanis 33 8.1+0.7 Female Plyometric training 8 3 times/week 5
Zhang Xiaodong 13 14.5£0.5 Female Video resistance training 6 2 times/week 4
Zhang Xiaoqing 13 14.5£0.5 Female |Supervised resistance training 6 2 times/week 4
Li Ning 12 20.79+0.64 Male Plyometric training 12 3 times/week 4
General average 13.83 11.15 NA NA 8.00 2.67 times/week NA
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Continuation of Table 1

1 2 3 4 5 6 7 8
Longitudinal jump
Bogdanis 33 8.1+0.7 Female Plyometric training 8 3 times/week 5
Ziv 15 NA Female Plyometric training NA NA 3
Zhang Xiaodong 13 14.5+0.5 Female Video resistance training 6 2 times/week 4
Zhang Xiaodong 13 14.5+0.5 Female |Monitoring resistance training 6 2 times/week 4
Verma 22 10~11 Female Plyometric training 6 3 times/week 4
Verma 14 10~11 Male Plyometric training 6 3 times/week 4
Verma 22 14~15 Female Plyometric training 6 3 times/week 4
Verma 14 14~15 Male Plyometric training 6 3 times/week 4
Cheng 8 17.1£0.8 Male Plyometric training 8 2 times/week 4
Li Shaosong 8 18~22 Male  |Single leg flexion hard stretch 6 2 times/week 3
Li Shaosong 8 18~22 Male Two legs flexion hard stretch 6 2 times/week 3
Ma Tianze 14 160 Male Lower limb burst training 8 3 times/week 4
General average 15.33 10.08 NA NA 8.00 2.67 times/week NA
Standing long jump
Li Shaosong 8 18~22 Male |Single leg flexion hard stretch 6 2 times/week 3
Li Shaosong 8 18~22 Male Two legs flexion hard stretch 6 2 times/week 3
Hu Chengye 12 | 19.08+1.03 na | Rapid te'efr‘;?rﬁ’iirfgcomp°“”d 8 3 times/week 3
Zhao Qichao 6 21.00+0.894 Male Single leg resistance training 10 3 times/week 4
Zhao Qichao 6 21.00+1.265 Male Two legs resistance training 10 3 times/week 4
Li Ning 12 20.79+0.64 Male Plyometric training 12 3 times/week 4
Ma Tianze 14 16+0 Male Lower limb burst training 8 3 times/week 4
Bogdanis 33 8.1+0.7 Female Plyometric training 8 3 times/week 5
General average 12.38 15.44 NA NA 8.50 2.75 times/week NA

2.1 Literature bias evaluation
The PEDro scale was used to access the literature quality [37, 38], which is a randomized controlled
study quality evaluation form with a scoring design of 11 items. Each criterion is scored as “yes” or “no”,
with total scores on the PEDro scale ranging from 0 tol1 points. The items are as follows:
1. The included criteria of subjects clearly described
. Randomly assigned
. Assignment hidden
. Similar baselines for key indicators
. Subject blinding
. Therapist blinding
. Evaluator blinding
. > 85 % of subjects performed at least one primary outcome measure
9. Subjects with measurement results shall follow the protocol treatment or undergo intention-to-treat
analysis
10. The statistics among groups for at least one primary outcome reported
11. The point estimates and confidence intervals for at least one primary outcome reported

O~NO OB WN

2.2 Meta-analysis results

2.2.1 Meta-analysis of the effect size of running height

A total of 14 controlled trial experiments were included in the study on the effect size of running height
of basketball players before and after intervention in the resistance training [34, 29, 30, 33, 27, 28,
36, 32, 31], among which Yin Wei, Li Shaosong, Yang Zhongjun, Gan Liju, Zhao Qichao’s literatures con-
tain 2 resistance training programs; Figure 2 represents a Forest Map of the Meta-analysis results of the ef-
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fect size of running height. The low heterogeneity in the study can be seen from Figure 2 (X* = 16.69,
I2 =22 %, P = 0.21), therefore, the Meta-analysis shall adopt the fixed effects model. The analysis results
show that resistance training intervention has a significant effect on basketball players’ running height
[SMD =-4.92, 95 % CI(-6.31, -3.54), P < 0.00001].

pre-training post-training Mean Difference Mean Difference
Study or Subaroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
FiE2015 286.86 4.6 T 28486 411 7 9.2% -85.00[12.57,-3.43]

FE2015 286.71 437 7 200.23 475 7oB4% -2.52 [-2.26, 1.20] B
F2017 318.33  B.46 12 326.33  7.44 12 6.2% -8.00[13.57,-2.43] -

el 2019 321.7 1008 8 2266 1043 a 1.9% -4.90 [14.98,518] —_—T
T4 2019 311 3.85 8 31313 419 8 12.4% -213 [8.07,1.81] —
HAREZ013 321 E] E] 328 ] &  31% -85.00[15.84,-0.16] E—
FHhZE20132 322 7 2 233 ] g  21% -10.00[17.90,-2.10]

HEE2019 328.33  6.38 6 341.33 8.2 6  2.8% -13.00[21.31,-4.69]

HistEzo19 32622 7.81 6 2328.83 6.4 [ 2.9% -12.00[-20.08,-3.92]

HRFALZ01T 299 a6 1z 304 7.3 12 47%  -5.00[11.38,1.38] E—
#EEIEZ018 321 7 5 326 5 6  41%  -5.00[11.88, 1.88] E—
#EiEz018 322 2 B 325 2 6 37.E6% -2.00 [-5.26, -0.74] -
iEls=hEz014 3266 10.91 8 2324 1218 a 1.5% -5 80 [17.13,553] e p—

S {FE2016 31936 13.36 14 32436 1238 14 21% -5.00 [14.54, 4.54] [
Total (95% CI) 116 116 100.0%  -4.92 [-6.31, -3.541 >
Heterogeneity: Chi*= 16.69, df= 13 (F = 0.21); I*= 22% = =7 5 i

Testfor overall effect: 2= 6.96 (P = 0.00001; Favours [posttrainingl Favours [pre-trainingl

Figure 2. Forest Map Of Efficient Response Volume Of Approach Running Meta-Analysis

2.2.2 Meta-analysis of the effect size of longitudinal jumping

A total of 12 trial experiments were included in the study on the effect size of longitudinal jumping of
basketball players before and after intervention in the resistance training [23, 24, 25, 26, 30, 31, 35], among
which Bogdanis, Cheng, Zhang Xiaodong, Li Shaosong’s literatures contain 2 resistance training programs,
Vema's literature contains 4 training groups including the male and female of 2 age groups; In Figure 2, it
shows a Forest Map of the Meta-analysis results of the effect size of longitudinal jumping. The low hetero-
geneity in the study can be seen from Figure 3 (X2 = 18.06, I> = 39 %, P = 0.08), therefore, the Meta-analysis
shall adopt the fixed effects model. The analysis results show that resistance training intervention has a sig-
nificant effect on basketball players’ longitudinal jumping [SMD =-1.69, 95 % CI(-2.11, -1.28), P <

pre-training post-training Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bogdanis2019 173 34 33 19 3.2 33 6.9% -1.70[3.29,-0.11]
Cheng2003 41.23 4.53 8 4966 3.97 8 1.0% -B8.43[12.60,-4.26]
Wermaz014 32.95 1.27 22 3418 1.38 22 28.5% -1.23[2.01,-0.45] -
Wermaz014 3214 1.24 14 3378 1.28 14 201% -1.64[2.57,-0.71] —
wermaz2014 31.45 1.39 22 3336 1.38 22 26.1% -1.91[2.73,-1.09] =
wermaz2014 3517 2.07 14 3557 249 14  7.0%  -0.40[1.98,1.19 T
Ziv2010 217 23 15 242 24 15 62% -2.50F4.18,-0.82] —
BRIFEFR2015 41 713 43 7 13  06% -2.00[7.38 3.3 T T
BRIFEAR2015 44 5 13 48 6 13  0.8% -2.00[B.61, 2.61] — T
k2019 499 31 8 542 31 8 1.9% -4.30[7.34,-1.26] —_—
Fol4h2019 47.9 B 8 501 6.4 8 0.5% -2.20 [8.33 3.93] S
DFAF2016 47.57 8412 14 5011 7.49 14 0.5%  -2.54 [8.33, 3.25] —_—
Total (95% CI) 184 184 100.0% -1.69 [-2.11,-1.28] *
Heterogeneity: Chi®= 18.06, df= 11 (P = 0.08); = 39% iy = ) b T2

Testfor overall effect: Z= 7.95 (P < 0.000013 Favours [posttraining]  Favours [pre-training]

Figure 3. Forest Map of Meta-Analysis of Longitudinal Jump Effector

2.2.3 Meta-analysis of the effect size of 20-m sprints

A total of 6 trial experiments were included in the study on the effect size of 20-m sprints of basketball
players before and after intervention in the resistance training [23, 35, 29, 27], among which the studies by
Zhang Xiaodong, Gan Liju contained two resistance training programs; Figure 4 demonstrates a Forest Map
of the Meta-analysis results of the effect size of 20-m sprints. The heterogeneity in the study can be seen
from Figure 4 (X2 = 30.17, I = 83 %, P < 0.0001), therefore, the Meta-analysis shall adopt the random ef-
fects model. The analysis results show that resistance training intervention has a significant effect on basket-
ball players’ 20-m sprints [SMD =0.24, 95 % CI(0.04, 0.43), P = 0.02].
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pre-training post-training Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bogdanis2019 485 054 33 436 03 33 187% 0.491[0.28,0.70] —
ohEZR2015 357 024 13 353 022 13 200% 0.04[0.14,0.22] T
BfEEER 2015 357 046 13 355 023 13 208% 0.02[0.13,017)] -
FFIMT 362 007 12 323 0N 12 23.3% 0.39[0.32, 0.46] -
Histh2019 364 049 6 338 04 6 9.0% 0.26 [0.25 0.77] ]
Hiatt2019 376 051 6 351 046 6 82% 0.25[-0.30,0.80] N
Total (95% CI) 83 83 100.0% 0.24 [0.04, 0.43] S
Heterogeneity: Tau®= 0.04; Chi*= 3017, df= 4 (P = 0.0001), F= 83%

1 } t 1
-1 -0.5 0 (1] 1

Testfor overall effect: 2= 2.40 (F = 0.02) Favaurs [pre-trainingl]  Favours [post-training]

Figure 4. Funnel Map Of Meta Analysis On Effect Size Of 20m Acceleration Run

2.2.4 Meta-analysis of the effect size of standing long jump

A total of 8 trial experiments were included in the study on the effect size of standing long jump of bas-
ketball players before and after intervention in the resistance training [23, 30, 28, 36, 31], among which the
studies by Li Shaosong, Zhao Qichao contained two resistance training programs; Figure 5 shows a Forest
Map of the Meta-analysis results of the effect size of standing long jump. The heterogeneity in the study can
be seen from Figure 5 (X2 = 33.45, 1> = 79 %, P < 0.0001), therefore, the Meta-analysis shall adopt the ran-
dom effects model. The analysis results indicate that resistance training intervention has a significant effect
on basketball players’ standing long jump performance [SMD =-11.46, 95 % CI(18.09, -83), P < 0.0007].

pre-training post-training Mean Difference Mean Difference
Study or Subgrou Mean _ SD Total Mean _ SD Total Weight IV, Random. 95% Cl V. Random, 95% C1
Bogdanis20149 1128 143 331347 145 33 14.0% -22.20[-29.15, -15.29] -
FF2017 276,75 1061 12 29517 1061 12 13.0% 1842 [26.91,-9.93] -
=4 2019 2714 147 g 2784 143 2 94%  -7.00[F21.21,7.21] —
2= 2019 638 9.9 g 70 92 2 124%  -6.20[15.57,3.17] —
FRFAL 2017 273 BE 12 27T A4 12 152% -4.00 [-2.91,0.91] -
HEE2018 04 11 6 310 8 6 11.4%  -6.00[16.88, 4.88] —
HEE2018 307 85 6 309 ] 6 121%  -2.00[11.91,7.91] —
OxFE016 236.86 1348 14 26086 11.67 14 12.58% -24.00[-33.34, -14 66] -
Total (95% Cly 99 99 100.0% -11.46 [-18.09, -4.83] <&
Heterogeneity: Tau®=68.11; Chi®= 33.45 df=7 (P = 0.0001}; F= 79%

&0 28 0 25 &0

Testfor overall effect: =338 (P = 0.0007) Favours [posttraining] Favours [pre-training)

Figure 5. Funnel Map Of Standing Long Jump Effect Size Meta-Analysis

2.2.5 Subgroup analysis

Because of the heterogeneity between the 20-m sprints and standing long jump groups included in the
study, and because of the large age gap in the longitudinal jumping, the subgroup analysis is conducted. The
ages of longitudinal jumping are divided into < 11 years old, 11 years old < resistance training group < 15
years old, and > 15 years old; Figure 6 indicates the subgroup analysis results of the combined longitudinal
jumping effect size data for the age resistance training group < 11 years old, 11 years < resistance training
group < 15 years old, and 15 < resistance training groups. It can be seen from Figure 8 that there is heteroge-
neity in longitudinal jumping data analysis of age < 11 years old (X2 =1.93, 2= 0 %, P < 0.00001), the 95 %
confidence interval total effect size [SMD =-1.54, 95 % CI(-0.08, -1.01), P < 0.0001]; The analysis hetero-
geneity of age 11-15 (X* =2.82, > = 0 %, P = 0.42), the 95 % confidence interval total effect size [SMD =-
1.16, 95 % CI(-2.32, -0.90), P < 0.00001]; The analytical heterogeneity of age > 15 (X*> =4.28, 1> =30 %, P
= 0.23), the 95 % confidence interval total effect size [SMD =-4.88, 95 % CI(-7.00, -2.76), P < 0.00001]. It
can be seen that resistance training has significant effect on the longitudinal jumping effect of different age
groups.

Figure 7 shows the subgroup analysis results of the combined 20m sprints effect size data for the age
resistance training group 1, resistance training group 2, and the trial experiments group. It can be seen from
Figure 9 that the heterogeneity of 20m sprints data analysis between the training group (resistance training
group 1 and resistance training group 2 are collectively referred to as the training group) and the trial
experiments group (X* = 1.59, > = 0%, P < 0.00001), 95 % confidence interval total effect size
[SMD = 0.22, 95 % CI(0.15, 0.29), P < 0.00001]; Resistance training group 1 and resistance training group
2 analysis heterogeneity (X* = 0.17, > = 0%, P = 0.68), 95% confidence interval total effect size
[SMD =0.03, 95 % CI(-0.13, 0.20), P = 0.7].
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Figure 8 demonstrates the subgroup analysis results of the combined standing long jump effect size data
for the age resistance training group 1, the age resistance training group and the trial experiments group. It
can be seen from Figure 10 that the heterogeneity of 20m sprints data analysis between the training group
and the trial experiments group (X* = 3.17, I*> = 37 %, P = 0.21), 95 % confidence interval total effect size
[SMD =-8.06, 95 % CI(-11.50, -4.61), P < 0.00001]; Resistance training group 1 and resistance training
group 2 analysis heterogeneity (X? = 0.91, I = 0 %, P = 0.34), 95 % confidence interval total effect size
[SMD =-3.97, 95 % CI(-11.42, 3.49), P = 0.30].

Control training Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.1.1 fEl<=114
Bogdanis2014 173 34 a3 19 32 33 B.A%  -1.70[-3.29,-0.11] ™
Werma2ild 3295 1.27 22 3418 1.38 22 28.5%  -1.23[2.01,-0.45] *
Werma2ild 3214 1.24 14 3378 1.28 14 201% -1.64 [2.57,-0.71] -
Ziv2010 2.7 13 18 242 24 18 B.2% -2.50[-4.18,-0.82] -
Subtotal (95% Cl) 84 84  61.6% -1.54[-2.08,-1.01] L

Heterogeneity: Chi®=1.93, df=3 (P =0.59); F= 0%
Test for overall effect £= 568 (P = 0.00001)

5.1.2 FEE11-15%

Werma2014 3145 139 22 3336 138 22 26.4% -1.91F2.73,-1.09] -
verma2014 3517 207 14 3HE7 219 14 7.0%  -0.40[1.931.19] -
EEZ 2015 41 7 13 43 7 13 06%  -200[7.38 3.39] e
RER 2015 44 B 13 46 B 13  0.8% -200[6.51, 261] —
Subtotal (95% CI) 62 62 345% -1.61[-2.32,-0.90] ¢

Heterogeneity: Chi®= 282 df=3 (P =042, F=0%
Testfor overall effect Z=4.43 (P = 0.00001})

5.1.3 #=15%

Cheng2003 41.23 453 8 4966 387 8  1.0% -8.43[F12.60, -4.26] R
42019 499 31 8 542 31 8 1.9% -4.30[7.34 -1.26] -
442019 478 61 8 401 64 8 0.48%  -220[8.33 3979 - 1
EFxfFI06 4757 812 14 &011 7.449 14 0.5% -254[85.33 3.29] -
Subtotal (95% CI) 38 38 3.9% -4.88[-7.00,-2.76] . 4
Heterogeneity: Chi*=4.28 df=3 (P =0.23), F= 30%

Test for overall effect 2= 4.51 (P = 0.00001})

Total (95% CI) 184 184 100.0% -1.69 [-2.11,-1.28] L]

Heterogeneity: Chi®=18.06, df=11 (P =0.08); F= 39%
Testfor overall effect 2= 7.95 (P < 0.00001})
Testfor suboroun differences: Chi*=9.02. df=2 P =001 F=77.8%
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Figure 6. Subgroup Forest Map Of Longitudinal Jump Effect Size

Control training Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% C1
5.1.1 P SRAHVS
Bogdanis2019 462 037 17 436 03 33 104% 0.26[0.06, 0.45] -
ok 2015 3462 022 13 338 041 B 38% 014[021,049 T
ok 2015 3462 022 13 351 048 B 2.9% 0.01[-0.38, 040 -
FF2017 346 01 12323 01 12 B07%  0.23[014,0.31] |
HEatgz014 373 043 B 353 022 13 3.2% 020016, 0.56] T
HEai2019 373 043 6 355 023 13 32% 018[019,0.55] T
Subtotal (95% CI) 67 83 83.9% 0.22[0.15,0.29] ¢+

Heterageneity: Chi*=1.589, df= 8 (F=080), F=0%
Testfor overall effect: £=6.01 (F = 0.00001)

5.1.2 4 lH VISR TVS Sk I SR A2

SRR 2014 255 023 13 383 022 13 143% 0.02[F015, 019 T
Hiatg2019 351 0.46 6 338 0.4 6 1.8% 013[F0.36, 0.62] -1
Subtotal (95% CI) 19 19 16.1% 0.03[-0.13,0.20] L 2

Heterageneity: Chi*=017, df=1 (F=068), F=0%
Test for averall effect 2= 038 {F=0.70)

Total (95% CI) 86 102 100.0% 0.19[0.12, 0.25] L
Heterageneity: Chi*= 6.00, df= 7 (P = 0.54); = 0% - + ) 1 }
Test for averall effect: Z= 566 (P = 0.00001)

Testfor suboroun differences: Chif=4.24 df=1 (P =004 F=76.4%

Favours [control]  Favours [training]

Figure 7. 20m Acceleration Effect Subgroup Forest Diagram

Note. Group 1 of Zhang Xiaodong 2015 is the supervised resistance training, and Group 2 is the video resistance training;
Group 1 of Gan Liju 2019 is HISRT resistance training, and Group 2 is HISRT + LBFRT comprehensive training.
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Control training Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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Figure 8. Forest Map Of Standing Long Jump Effect Size Subgroup

Note. Group 1 and Group 2 of Li Shaosong 2019 and Zhao Qichao 2018 are both two legs resistance training and single leg re-
sistance training.

Conclusions

Because of the restriction of basketball court and rules, basketball players are required to obtain greater
body acceleration in a short time and space to improve their bounce and air superiority ability. Therefore, the
requirements for the strength quality of basketball players, especially the strength of lower limb muscles, are
particularly critical. Therefore, in the literature included in this paper, the running height, the longitudinal
jumping, the 20-m sprints and the standing long jump are selected as the intervention and evaluation indexes
of Meta-analysis. Through the Meta-analysis of the literature included in this paper, it is confirmed that the
8-week resistance training is conducive to the improvement of athletes’ ability to run up and touch height
(P < 0.05); Among them, before and after training and the comparison of components showed that different
forms of resistance training interventions for 6 weeks had significant effects on the explosive force of bas-
ketball players' lower limbs. In addition, the effect of plyometric resistance training is particularly significant
for the improvement of athletes' longitudinal jumping and touching ability of different ages (P < 0.05).

The analysis of the research results of 20-m sprints in the training group and the trial group showed that
8 weeks of resistance training significantly improved the ability of 20-m sprints (P < 0.05); HISRT resistance
training and HISRT + LBFRT Comprehensive Resistance Training is not significant (P > 0.05) to improve
the ability of 20-m sprints.

The analysis of the results of the study on the standing long jump in the training group and the trial
group shows that, 8 weeks of resistance training had a significant effect on the training intervention to im-
prove the stationary long jump ability (P < 0.05); HISRT resistance training and HISRT + LBFRT compre-
hensive resistance training is not significant (P > 0.05) on the training intervention to improve the stationary
long jump. However, because of the small sample size and study inclusion, the comparison results are treated
cautiously and different resistance effects all improve lower limb muscle strength.

To sum up, more high-quality resistance training intervention studies are required to provide reliable
basis for effective intervention programs for lower limb muscle strength of basketball players, so as to con-
solidate and expand the results of this Meta-analysis. It is suggested that future research may quantify the
variation law of training intensity and interval time corresponding to resistance training methods. The results
of this study support that resistance training lasting for more than 6 weeks, 2-3 times per week, is an effective
training strategy to improve the lower limb muscle strength and athletic performance of basketball players.
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Ways to prevent men’s cardiovascular diseases during training at the gym

The article presents a significant cause of male mortality and the results of empirical observations of a group
of 7 men working out in the gym under the supervision of a trainer. Men are more susceptible to cardiovascu-
lar diseases earlier and more than women. Wellness training and psycho-emotional stability have a preventive
effect on the development of cardiopathology. Men’s regular gym-based training for 3-6 months, 3 times a
week for 1.5 hours in the gym, increased personal self-esteem and satisfaction, improved body composition,
but at the same time, prenosological diagnostics of the functional parameters of the cardiovascular system of
the examined patients gave unsatisfactory results. To reduce the risk of diseases of the cardiovascular system
in men, it is necessary to carry out a prenosological diagnosis of the functional state with subsequent correc-
tion of the structure of the training load, perform individually dosed cardio in a sufficient and safe range of
heart rate and breathing exercises.

Keywords: men’s health, cardiovascular system, strength training, functional tests, dosed aerobic load.

Introduction

According to the World Health Organization (WHQO), cardiovascular diseases are the leading cause of
mortality among the adult population in the world, including in Kazakhstan [1]. Numerous studies have
shown that men are prone to developing heart diseases 10-15 years earlier than women, starting at about the
age of 25 [2-5].

Today, the government places significant emphasis on the early diagnosis and treatment of cardiovascu-
lar diseases. Advanced high-tech cardiac surgeries are being implemented to treat patients with severe chron-
ic heart failure.

At the same time, global experience proves that preventive measures are more effective than a clinical
approach to solving the problem. Positive changes in the current situation can be expected only with the acti-
vation of the disease prevention and health promotion system — changes in a person’s lifestyle, where key
roles are played by health-improving training and psycho-emotional resilience.

Currently, there is a wide network of wellness centers that successfully promote fitness programs of
various orientations, but men tend to participate less in group classes and prefer working out in the gym.
Moreover, not all of them seek guidance from a trainer to develop a personalized training program; many
independently determine their training load on their own.

Based on the aforementioned, it was decided to assess how much regular gym exercises protect the
body from health disorders and to evaluate the preventive effect in terms of reducing cardiovascular risk fac-
tors in men.
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Methods and materials

To achieve the stated objective, a group of 7 people who regularly exercised at the gym (3 times a week
for 1.5 hours for 3-6 months) was examined.

The individual training load was assigned by the trainer, who also conducted ongoing pedagogical ob-
servations to ensure correct exercise performance.

The gym is equipped with a variety of fitness equipment for strength training. In addition, during the
workout, the participants received a dosed aerobic load on a treadmill.

The age of the observed people: 6 people between 22—-27 years and 1 person aged 50 years old. Func-
tional indicators were measured before training.

The study used simple, accessible methods of prenosological diagnostics of basic functional indicators:

- blood pressure — BP,

- heart rate — HR,

- stroke volume — SV, was calculated using Starr’s formula

- cardiac output — CO = SV*HR

- circulatory efficiency coefficient — CEC

- Breath Holding test (Stange’s test) — BHT,

- modified Romberg maneuver — static balancing — SB,

- Kerdo’s vegetative index assessment — KVI

- Baevsky’s adaptation potential — AP

The following average normative values were used as criteria: BP — 120/80 mmHg, HR — 60-80 beats
per minute, SV — 60 mL, BHT — 50 seconds, SB — 15 seconds.

To assess the mental state, anxiety levels were tested using the Spielberger-Hanin scale, and levels of
Physical Satisfaction Score (PSS), Social Satisfaction Score (SSS), and Mental Satisfaction Score (MSS)
were determined according to I.A. Gundarov’s method (on a 100-point scale) [6].

The results are shown below.

Results and Discussion

An analysis of the cardiovascular system indicators (Table 1) shows that the HR in two participants
(25.6 %) exceeds the norm (60-80 beats per minute). Diastolic pressure was elevated in six out of the seven
participants. Stroke volume did not reach the normative value in any of the participants.

Table 1
Cardiovascular system indicators of men training at the gym

Age HR BP sV CcoO .

Ne Name (in ygars) (bpm) (mmHg) (mL) (mL) AP (points) CEC
1 P.A. 22 89 165-135 21,8 1940,2 3,651 2670
2 G.D. 20 76 120-90 50 3800 2,238 3040
3 K.A. 25 72 120-80 58 4176 2,319 2880
4 O.L 50 72 120-90 32 2304 2,713 2160
5 A.R. 27 84 125-90 48,3 4057,2 2,737 2940
6 G.A. 23 72 120-90 48,2 34704 2,281 2160
7 A.B. 24 72 110-90 42,6 3067,2 2,137 2160

The definition of adaptive potential (AP) according to R.M. Baevsky was used as a criterion for the
adaptive capabilities of a whole organism. According to Baevsky’s research, the higher the numerical value
of AP, the lower the level of functional (adaptive) capabilities of the human body [7]. A reference point of
2.11 points is used, above which indicates strain in the adaptation mechanisms, and below that — a satisfac-
tory level of adaptation. As shown in Table 1, all participants exhibited varying degrees of strain in their ad-
aptation mechanisms.

Normally, the circulatory efficiency coefficient (CEC) in a healthy individual ranges from 2000 to
2600. An increase in this indicator suggests impaired cardiac function and reduced adaptive capacity of the
cardiovascular system, which was observed in four out of the seven participants.

We would like to pay special attention to the indicators of 22-year-old patient Nel P.A.: heart rate,
blood pressure, both systolic and diastolic are elevated (165-135 mmHg), there are low systolic (21.8 ml with
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a norm of 60-80 ml), and minute blood volumes, tension of adaptation mechanisms, and a slightly increased
CEC.

Overall, regardless of the participants’ age, their indicators reflect an unsatisfactory functional state of
the cardiovascular system.

Table 2 presents the results of the Stange’s test (BHT), static balancing (SB), and Kerdo’s vegetative
index (KVI).

A Breath Holding time of 50-60 seconds is considered a good result for untrained people, 4049 se-
conds is satisfactory, and less than 39 seconds is unsatisfactory. For trained people, a good result ranges from
60 to 90 seconds or more.

As shown in the table below (Table 2), 6 participants demonstrated good Breath Holding results, and
one — Ne 5 A.R. showed a satisfactory result, notably, participant Ne 1 P.A., who is in the risk group, had a
high score.

In the assessment of SB, maintaining the pose for 15 seconds is considered a satisfactory result, indicat-
ing the participant’s ability to maintain body equilibrium — a result demonstrated by all participants.

The results of the Kerdo’s Vegetative Index (KVI) assessment (Table 2) indicate a predominance of the
sympathetic division of the autonomic nervous system (ANS) among the participants, since when the sympa-
thetic and parasympathetic divisions of the ANS are balanced, the KVI = 0, and if the KVI is less than 0, the
parasympathetic division of the ANS predominates.

In our case, the KVI of the all participants is more than 1, moreover, the greatest predominance of the
sympathetic nervous system was noted in Nel P.A.(1,51).

Table 2
Indicators of the functional capabilities of the respiratory system and static balancing in men training at the gym

Ne Name BW (kg) H (cm) BHT (sec) SB (sec) KVI
1 P.A. 94 178 75 20 1,51
2 G.D. 70 182 51 15 1,18
3 KA. 89 186 55 25 1,1
4 O.L 82 183 50 19 1,25
5 A.R. 90 175 41 33 1,07
6 G.A. 72 179 53 20 1,25
7 A.B. 67 176 66 18 1,25

Many researchers emphasize the special role of personal self-assessment of well-being in evaluating
health status. For this purpose, various subjective health characteristics are proposed: “the ability to live a
full life in close connection with what I love”, “I am healthy when | am in balance, when | am able to do
what | want”, “it is the choice of a lifestyle that allows me to enjoy my health” [8].

I.A. Gundarov (1993) proposed a method for determining the “health quality”, including an assessment
of a person’s physical, mental and social satisfaction, which can be easily measured and quantified [6]. Such
an assessment can be carried out either through a survey or by filling out a standard questionnaire. The
“health quality” reflects not the living conditions or the state of the body, but the individual’s satisfaction
with their bodily condition in relation to their living conditions and various aspects of life. This group of in-
dicators includes the results that characterize a person’s well-being, activity, and mood.

The social and psychological aspects of health determine the harmonious process of developing a per-
son’s inner world (self-acceptance — understanding, accepting, analyzing, controlling, loving) and relation-
ships with others, adaptation in society [9]. Subjective self-assessment of health is no less important than
objective health indicators. To assess the mental state and satisfaction, a survey was conducted using the
Spielberger-Khanin’s scale and the level of physical, social and mental satisfaction according to Gundarov
(Table 3).
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Table 3
Assessment of personal anxiety —
according to Spielberger-Khanin scale and satisfaction level according to Gundarov
Ne Name PSS (points) SSS (points) MSS (points) PA (points)
1 P.A. 70,0 100,0 99,7 43,0
2 G.D. 80,0 100,0 99,8 47,0
3 KA. 80,0 100,0 99,3 45,0
4 O.L 90,0 100,0 99,8 35,0
5 A.R. 60,0 100,0 99,8 34,0
6 G.A. 80,0 90,0 99,9 39,0
7 AB. 80,0 100,0 99,5 44,0

According to the results represented in Table 3, the satisfaction levels of the men training at the gym are
high (PSS 77,1+10,0, SSS 98,6+3,3, MSS 99,7+0,2), with the exception of Ne 5 A.R., whose PSS score was
an average value of 60.0.

Moreover, in the group of men training at the gym, we identified the following: a lower anxiety level
41,0+4,3, and higher social (SSS — 98,6+3,3) and mental satisfaction (MSS 99,7+0,2).

It should be noted that all the surveyed participants rated their physical, social and mental satisfaction
significantly higher than average, compared to the period before starting their training at the gym.

A significant indicator of the effectiveness of training is an increase in muscle mass, an increase in bone
density, reduction of visceral fat. According to the results of a study of body composition by bioimpedance
measurement using a TANITA multi-frequency analyzer, the majority of the surveyed were younger in body
composition than their calendar age [10].

However, when comparing the functional state and the compositional age, the results did not align. It
turned out that being slim is not a guarantee of good health.

The cardiovascular system reflects the body’s reactions to external and internal factors, and its indica-
tors are primary for the prenosological assessment of the overall functional state of the body.

Certainly, prenosological diagnostics do not replace medical supervision, but it helps prevent the devel-
opment of disorders that lead to the onset of diseases.

The conducted research demonstrated that regular strength training for 3-6 months in the gym had a
positive impact on the psycho-emotional state of men, body composition, but did not have a positive effect
on the studied functional indicators of the cardiovascular system. This, apparently, indicates insufficient aer-
obic load for effective cardiovascular training.

Conclusions

- to solve the problems of health-improving training — reducing the risk of cardiovascular diseases in
men, it is necessary to conduct a prenosological diagnostics of the functional state followed by the correction
of the training load structure.

-it is important to get cardio training in a sufficient and safe range of heart rate (HR). This range is dif-
ferent for each person. The safe pulse zone (BPZ) for cardio training can be calculated using the formula:
220 — age and perform aerobic exercises at a heart rate of 60-80 % of the result for 30 minutes per workout.

-to pay attention to dosed aerobic loads and breathing exercises for a positive effect on the state of the
cardiovascular system.

-pay attention to breathing exercises for a positive effect on the state of the cardiovascular system.
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Gender differences in integral indicators of adaptation of athletes’
bodies to training in different energy modes

Adaptation to intense muscle activity leads to an increase in athletic performance. The task is not to bring an
athlete to the stage of failure of adaptation mechanisms during training, which is accompanied by a drop in
performance and other negative consequences, hence the need to have accessible and informative markers of
the athlete’s body condition in order to correct the training process. The study was conducted at the Olympic
Training Center (OTC), city of Karaganda. The participants were athletes without health complaints. To de-
termine the physical performance of athletes, a submaximal PWC ;4 test was used, and the MOC was calcu-
lated by an indirect method. Based on the measurement of the main indicators of the cardiovascular system
(HR, SBP, DBP) and the calculation of derivative indices (PP, SBV, MCV, DP, KEC) adopted in sports med-
icine and adaptology (Shl, IFC), a comparative analysis of the adaptation of the body of high-class athletes
(46 people) to training in different energy modes (aerobic, anaerobic-aerobic, anaerobic) was performed. The
study showed differences in the adaptation indicators of the cardiovascular system of the athletes depending
on the energy mode of training and gender. Measurement and subsequent calculation of accessible and in-
formative indicators of adaptation of the cardiovascular system of the athlete’s body to training loads in dif-
ferent energy modes allows not only to monitor its current state, but also to identify the stress preceding the
breakdown of adaptation mechanisms.

Keywords: athlete, gender, energy training regime, cardiovascular system adaptation, stress, adaptation fail-
ure, indices.

Introduction

The state of the system can be assessed by the final result of its action, by the output. At the output of
the system, first of all, energy is released, due to which the impact on the environment is carried out. The
amount of this energy correlates with viability, which, in turn, is associated with the concept of adaptability.
In addition, the energy potential is an integral indicator of the system’s operation; it can be calibrated and
reflected in the integral indicators of the system’s state [1]. In connection with the above, the integral indica-
tors of the athlete’s body adaptation (training) can be working capacity, as well as indicators of his physical
development, assessed by the method of standards and the method of indices [2, 3].

The ability to adapt to an influencing factor (in our case, to intense muscular activity) without breaking
down the adaptation mechanisms is possible only with sufficient adaptation potential. The “cost of adapta-
tion” is determined primarily by the costs of maintaining the required level of functioning of the cardiovas-
cular system [4].

The purpose of this study is to identify gender-specific features of the adaptive capabilities of the cardi-
ovascular system of athletes training in various energy modes using generally available methods accepted in
sports medicine and adaptology.

Materials and methods

The survey was conducted at the beginning of the annual training cycle at the Olympic Training Center
(OTC), Karaganda. The surveyed high-class athletes (masters of sports, candidate masters of sports) were
divided into 3 groups: 21 people training mainly in aerobic mode, 7 people in anaerobic mode, 18 people in
mixed, aerobic-anaerobic mode. The study groups included athletes without health complaints. The follow-
ing indicators were measured using standard methods: HR (heart rate), SBP (systolic blood pressure), DBP
(diastolic blood pressure), PP (pulse pressure) were measured by generally accepted methods.
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Based on the data obtained, the following integral indices were calculated: SBV — systolic blood
volume; MCV — minute circulatory volume; KEC — Kvass endurance coefficient (the ratio of HR to PP,
multiplied by 10); DP — “double product”, characterizes the systemic work of the heart; Shl — Shaptala
index, reflects the adaptive capabilities of the cardiovascular system; IFC — index of functional changes [4].

To determine the physical performance of athletes, the submaximal PWC 17, test was used, and maximal
oxygen consumption (MOC) was calculated using an indirect method [3].

The digital material obtained as a result of a comprehensive instrumental study was processed using the
method of variation statistics with standard programs. In statistical processing of the obtained results, the
method of finding the indicator of a significant difference from the arithmetic mean (M), the value of the
square deviation (o), and the average error (m) was used. The degree of reliability between the compared
values was determined by the Student’s t reliability criterion (Sepetliev D., 1968). Differences were assessed
as reliable if the probability value P corresponded to a value of less than 0.05 (95 %).

Results

The results of the parameters of the cardiovascular system are presented in Table 1. The heart rate (HR)
of men and women training in the same energy mode showed no significant differences. In the group of ath-
letes training in the anaerobic mode, HR was 71.0+7.5 beats/min in men and 72.0+4.2 beats/min in women.
In the anaerobic-aerobic mode, HR values were 64.0+2.1 and 62.0+2.5 beats/min, respectively, while in the
aerobic mode they were 63.142.8 and 62.0+2.5 beats/min (Table 1).

Table 1
Cardiovascular parameters of elite athletes training in different bioenergetic modes (M+m)

Training mode H?'/’:n'i’ﬁte’ SBP, mm Hg DBP, mm Hg PP, mm Hg DP,aclolr]\:ietr:mn-
men
Anaerobic 71.0£7.5 123.3+4.2 80.0+1.0 43.3+4.2 87.7+9.3
Anaerobic-aerobic 64.0+2.1 116.7£1.8 74.2+43.5 42.5+4 .4 74.5+2.5
Aerobic 63.1£2.8 126.2+3.3 82.5+£2.0 42.1+£3.3 76.0+4.6
women

Anaerobic 72.0+4.2 117.5+£8.6 72.5+2.8 40.0+5.7 81.0+5.9
Anaerobic-aerobic 62.0+2.5 103.3+4.2 70.0+8.4 33.3+£12.6 64.0+2.5*
Aerobic 62.0£2.5 110.0+8.4 86.7+6.3 43.342.1 68.0+£2.5%

Note*. Changes are statistically significant (p < 0.05) compared to the anaerobic training regimen (women). HR — heart rate,
SBP — systolic blood pressure, DBP — diastolic blood pressure, PP — pulse pressure, DP — double product.

The relatively high pulse rate of athletes training in an anaerobic mode is noteworthy. A slowdown in
the pulse rate at rest in athletes in the other two groups is a typical adaptation response to repeated physical
exertion. As a result of systematic sports training, the central tone of the vagus nerve increases, which is
known to be the main parasympathetic nerve innervating the heart. The balance between sympathetic and
parasympathetic control over the activity of the sinus node of the heart changes towards the predominance of
parasympathetic, slowing influences — bradycardia develops. At the same time, signs of fatigue in an ath-
lete’s body are considered to be a state when the pulse rate at rest exceeds 8085 beats per minute.

The measurement of arterial pressure in the examined groups showed that the average figures of both
systolic (SBP) and diastolic (DBP) pressure correspond to the standards accepted for athletes (Table 1).
Thus, at present, it is accepted to consider the values of maximum pressure in athletes to be normal if they
fluctuate in the range from 105 to 129 (mm Hg). The normal range for minimum BP is 60—89 (mm Hg). The
values of SBP and DBP measured by us in female athletes are somewhat lower than in the examined male
athletes.

Pulse pressure (PP), calculated as the difference between systolic and diastolic pressure, was approxi-
mately the same in all groups, from 40.0 to 43.3 (mm Hg). The exception was the group of athletes training
in an anaerobic-aerobic mode, whose PP value was equal to 33, 3 mm Hg. The obtained value of PD is ex-
plained by the low figure of SBP (103, 3 mm Hg), registered in this group. According to various authors,
arterial hypotension in athletes occurs in 10-16 % of cases and in women twice as often as in men [2]. With

52 ISSN 3081-0531 (Print) ISSN 3081-054X (Online)



Gender differences in integral...

the growth of athletic skill and experience, the frequency of hypotonic conditions related to the physiological
norm increases [3].

Calculation of the DP (double product), reflecting the systemic work of the heart, showed the following
(Table 1). The highest value of this indicator was found in male athletes training in the anaerobic mode (87.7
+ 9.3). The DP of athletes training in mixed and aerobic modes is lower by 18 % and 15 %, respectively, but
the difference is not statistically confirmed. A similar pattern is observed in female athletes, but the differ-
ence between the compared groups is more pronounced. In female athletes training in a mixed mode, the DP
is significantly lower by 26 % (p < 0.05), and in aerobic mode — by 19 % (p < 0.01). In general, the DP fig-
ures calculated by us are lower in women than in men. It should be noted that the lower the specified index at
rest, the higher the maximum aerobic capabilities of the athlete’s body [5-8].

For a more in-depth characterization of the cardiovascular system’s response to training loads with dif-
ferent energy characteristics, we calculated a number of indices characterizing adaptive shifts in the heart
and blood vessels.

Thus, the systolic blood volume (SBV) in men and women of the examined groups (Table 2) fluctuated,
on average, from 59.5+0.59 ml (in athletes training in anaerobic mode) to 65.4+9.1 ml (in athletes training
for endurance), which corresponds to the average standards.

It is known that healthy untrained people may have this indicator with some changes within 40-90 ml,
and athletes — in the range of 50-100 ml [3]. In our case, there is a tendency for the systolic blood volume
to increase. This fact is explained, on the one hand, by the anthropometric characteristics of the athlete, since
this indicator is directly proportional to the body weight and height of the athlete, and on the other hand on
by general physical performance, which is most pronounced in athletes training for endurance. In our case,
these are male athletes training mainly in aerobic mode. These athletes have the highest average SV, equal to
65.4 £9.1 ml.

Table 2
Integral indicators of the cardiovascular system of high-class athletes training
in various bioenergetic modes (M+m)
Shl, KEC,
Training mode SBV, mi MBYV, I /min | conditional | conditional | FCI, points
units units
men
Anaerobic 59.5+0.59 3.2740.5 21.7+1.6 16.4+0.7 2.22+0.13
Anaerobic-aerobic 64.3£2.4 3.12+0.47 15.842.3 15.543.9 2.1540.05
Aerobic 65.449.1 3.47+0.3 17.9£2.9 9.5+£0.9 2.50+0.3
women

Anaerobic 62.3+1.7 3.31+0.2 16.6+2.4 19.6+2.7 2.04+0.19
Anaerobic-aerobic 62.7+10.1 2.69+1.2 12.94£5.7 21.7+8.8 1.78+0.09
Aerobic 64.5£1.5 3.33+£0.3 10.7+£3.5 12.5+£0.8%* 1.774£0.58

Note*. Changes are statistically significant compared to men in this group (p <0.025). SBV — systolic blood volume, MBV —
minute blood volume, Shl — Chaptal index, KEC — endurance coefficient, FCl — functional change index.

The main hemodynamic indicator is cardiac output measured by MBV coefficient. It characterizes the
level of tissue blood supply and the associated delivery of oxygen to cells and removal of carbon dioxide
from them. Under resting conditions, the body’s need for blood supply is relatively low. In healthy untrained
people, this indicator (recorded in an upright body position) most often fluctuates between 2.5 and 5 I/min. In
athletes, MBV value varies in a wider range, from 3 to 10 I/min. In approximately 60 % of athletes, MBV
values correspond to normal standards recorded in healthy untrained people [3, 5].

The MBYV values calculated in our study can be represented within the range of figures typical for ath-
letes, with the highest values of MBV observed in men training for endurance (3.47+0.3 1/min), and the low-
est in women training in an aerobic-anaerobic mode (2.69+1.2 I/min).

Shaptala Index (ShI) reflects the “mobilization readiness” of the cardiovascular system. We have not
found any studies interpreting the Shl in high-class athletes. Thus, the value of this index in healthy young
people before the exam was 23.1 + 0.8 for boys and 14.2 + 0.9 for girls. Psycho-emotional stress led to an
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increase in the Shl by 12 and 21 %, respectively [9]. We obtained Shl values at rest that are close
to these values (Table 2). Thus, in athletes training mainly in an anaerobic mode, the Shl is, on average,
21.7 £ 1.6 for men and 16.6 + 2.4 for women. A mixed training regimen leads to significantly lower Shl val-
ues: in men — 15.8 £ 2.3, which is 37 % lower than in the previous group (p < 0.1); in women — 12.9+5.7.
Aerobic training is also accompanied by low values of the Shl, both in men (17.9£2.9) and in women
(10.743.5) (Table 2).

The endurance coefficient (KEC) calculated in our study for all the examined groups of athletes, to a
certain extent, reflects the functional capabilities of the cardiovascular system and should not exceed 16 con-
ventional units at rest. Calculations showed that men in all three groups have the KEC which does not exceed
the specified value: the average values were 16.4 + 0.7 in anaerobic athletes, 15.5 = 3.9 in the anaerobic-
aerobic athletes, and 9.5 + 0.9 in the aerobic athletes (all in conventional units). Women have higher values
of this indicator compared to male athletes by 19 % (anaerobic mode), 40 % (aerobic-anaerobic mode) and
31 % (aerobic mode) (p < 0.025). To interpret the obtained data on the Shl and KEC, additional measure-
ments using testing physical load are required.

It is known that there is a certain relationship between the values of the systolic blood volume (SBV)
and the level of performance of an athlete, while the value of the MCV at rest is practically not related to
athletic performance. This is explained by the fact that the MCV depends not only on the value of the systol-
ic volume, but also on the heart rate. Both of these components, which determine the value of the MCV, are
differently related to the level of physical performance. There is a direct proportional relationship between
the level of physical performance and the systolic blood volume, and an inverse relationship between the
value of physical performance and the heart rate. As a result of such multidirectional trends, the value of the
MCYV does not depend on the level of physical performance [9, 10]. Thus, judging by the hemodynamic data
described above, in high-class athletes who train mainly in aerobic mode, the economization of the heart’s
work is more pronounced, in female athletes of the same group — to a greater extent.

Next, we measured the index of functional changes (IFC) in the examined athletes, proposed by
Berseneva A.P. for the general population [4]. The advantage of this approach is the identification of the pre-
clinical state of the organism, which, in turn, manifests itself in the following stages: 1-expressed functional
stress, 2-acute functional stress, 3-overstrain of regulatory mechanisms. Only then does a breakdown of ad-
aptation occur with exhaustion and breakdown of the regulatory systems of the organism.

The IFC reflects the relationship between myocardial-hemodynamic and structural-metabolic homeo-
stasis. As a sensitive indicator of the adaptive reactions, the cardiovascular system is the first to respond to
the action of intensive muscular loads; a regulator of the internal environment of the organism, maintaining
the homeostasis of its organs and systems by their adequate blood supply.

The obtained IFC values in the athletes of the studied groups are shown in Table 2. Thus, in the group
of athletes training mainly in the anaerobic mode, the average IFC value in men was 2.224+0.13 points, in
women — 2.04+0.19 points. In martial artists, the IFC was also similar: 2.15+0.05 points, in women of the
same group, the functional change index was 1.78+0.09 points, which is significantly lower than in men by
21 % (p <0.002). The same average IFC value was demonstrated by female athletes training in the aerobic
mode: 1.77+0.58 points. The average IFC figure for male athletes training in the acrobic mode was 2.50+0.3
points.

According to the authors, the level of functioning of the cardiovascular system (adaptation potential)
according to the IFC up to 2.59 points reflects satisfactory adaptation, from 2.60 to 3.09 — tension of adap-
tation mechanisms, 3.10-3.49 — unsatisfactory adaptation, 3.50 and above — failure of adaptation [4]. We
can state that the IFC values in female athletes are significantly lower than in men, and these IFC values re-
flect satisfactory adaptation. The IFC value for characterizing the adaptive capabilities of an athlete is rele-
vant when considering individual indicators, which is reflected in Table 3 using the example of athletes train-
ing in an aerobic mode.

In this group, we recorded the highest values of performance and maximum oxygen consumption
(Table 3). Thus, athlete A has a PWC 17, test result of 2728 kgm /min, and MOC is 5878 ml/min, although
the relative values of these indicators are higher for athlete P.: 30.0 kgm /min x kg *and 66.9 ml/min x kg ™
respectively.
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Table 3
Individual performance indicators, maximal oxygen consumption and adaptation potential
of high-class athletes training in aerobic mode
% | Gender | yoiind | igmminikg | miminc | miminoikg | G PO
Aerobic energy supply
1 Woman 1452 17.5 3705 44.7 2.53
2 Woman 1097 18.6 3105 52.6 1.63
3 Man 2728 28.1 5878 60.6 3.25
4 Man 2343 29.3 5224 65.3 2.20
5 Man 2340 30.0 5218 66.9 2.30
6 Man 2593 28.2 5649 61.4 3.46
7 Woman 1176 18.1 3239 49.8 2.15

Calculation of the index of adaptation changes (IAC) showed that two athletes (A. and L.), who showed
the first two results in absolute values of the PWC 170 st and MOC, are in the stage of unsatisfactory adapta-
tion, their IFC is 3.25 and 3.16 points, respectively. It should be noted that deviations from the average statis-
tical values of the measured indicators in these athletes were also noted by us in other measurements. The
remaining athletes have sufficient adaptation potential according to the IAC.

Conclusion

The studies showed that the values of both systolic and diastolic pressure measured by us in female ath-
letes were slightly lower than those of the examined male athletes, while female athletes training in an an-
aerobic-aerobic mode had arterial hypotension. The figures of DP, reflecting the systemic work of the heart,
were lower in women than in men in all energy modes of training, which indicates higher aerobic capabilities
of the athletes’ body. At the same time, the average value of the systolic blood volume (SBV) was the high-
est in male athletes training mainly in an aerobic mode. We also noted that the highest values of the minute
blood volume (MBYV), characterizing the level of tissue blood supply and gas exchange, are observed in men
training for endurance, the lowest — in women training in an aerobic-anaerobic mode.

The Shaptala Index (Shl) reflects the “mobilization readiness” of the cardiovascular system, is within
the statistical norm for athletes, both men and women, and the endurance coefficient (KEC), reflecting the
functional capabilities of the cardiovascular system, was higher for women in all training modes. This is con-
firmed by the calculated values of the IFC, which reflect satisfactory adaptation of the body of the examined
athletes, however, for female athletes the figures are significantly lower than for men. Also, reserve capacity
of the cardiovascular system (according to the DP and KEC indices) in female athletes in all energy modes is
higher compared to male athletes. It should be added that we have not encountered any comprehensive stud-
ies of the adaptation of the cardiovascular system in athletes in the gender aspect, training in different energy
modes.

Thus, measurement and subsequent calculation of integral indicators of adaptation of the cardiovascular
system to training loads allows not only to judge its current state, but also to identify the tension of adapta-
tion mechanisms in the process of monitoring the state of the athlete's body, taking into account its gender.
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Fatigue Recovery and Exercise Performance after
Contrast Water Therapy- Meta-analysis

Fatigue recovery plays a critical role in athletic performance. Contrast Water Therapy (CWT) has been wide-
ly applied, but its effectiveness remains controversial across different exercise types. Methods applied in the
study: A systematic review and meta-analysis were conducted using PubMed, Web of Science, and Elsevier
databases. Seventeen trials involving 368 participants were included. Two researchers independently screened
and extracted data, including subjective indicators (DOMS, RPE) and objective markers (CMJ, sprint, CK,
lactate, CRP, IL-6). Results: Meta-analysis showed that CWT significantly alleviated DOMS and RPE, par-
ticularly after team-based sports like football. CWT was also effective in reducing lactate levels immediately
post-exercise. However, no significant improvements were found in CMJ or sprint performance for most
sports. Cold Water Immersion (CWI) showed superior results in reducing CK and lactate at 24-48h post-
exercise compared to CWT. Discussion: CWT can reduce perceived muscle soreness and fatigue, especially
in team sports, though its impact on objective performance is limited. CWI may be more effective for physio-
logical recovery. Further studies are needed to explore protocol-specific and sport-specific outcomes.

Keywords: contrast water therapy, cold water immersion, fatigue recovery, muscle soreness, ratings of per-
ceived exertion, creatine kinase, lactate, countermovement jump, team sports, recovery strategies.

Introduction

Fatigue recovery is crucial for athletes to sustain performance and reduce injury risks, making effective
recovery modalities a key area of sports science research. Contrast Water Therapy (CWT) is a widely used
recovery technique involving alternating immersion in cold water (<20 °C) and hot water (>36 °C) [1], typi-
cally for 1-3 minutes per cycle [2]. This alternating protocol is believed to promote vasoconstriction and
vasodilation, thereby enhancing blood circulation and accelerating the removal of metabolic by-products
such as lactate. As a result, CWT is popular for its potential to reduce lactic acid accumulation [3], inflam-
mation, edema, pain, and muscle stiffness [1], ultimately alleviating Delayed-Onset Muscle Soreness
(DOMS) and improving fatigue recovery.

In contrast, Cold Water Immersion (CWI) involves immersing the body in cold water without alternat-
ing temperature changes. CWI is thought to reduce muscle inflammation and edema by inducing vasocon-
striction and decreasing tissue temperature. Several studies have directly compared CWT and CWI, yielding
mixed results. Some findings indicate that CWI may be more effective in reducing muscle temperature and
inflammation due to its ability to sustain vasoconstriction and lower tissue temperature [4-6]. Other studies
designate that CWT, due to its alternating vasoconstriction and vasodilation mechanism, may be more effec-
tive than CWI in alleviating muscle soreness and reducing creatine kinase levels [7].

While several studies have investigated the effects of CWT and CWI on post-exercise recovery, the
findings remain inconsistent. These inconsistencies may stem from variations in experimental designs, exer-
cise protocols, and the lack of systematic integration of key recovery indicators. To comprehensively assess
the effects of CWT on fatigue recovery, this review focuses on commonly used subjective indicators, such as
DOMS and Rating of Perceived Exertion (RPE), and objective markers [8], including Sprint time, Counter-
movement Jump (CMJ), Creatine Kinase (CK), lactate, IL-6, and C-reactive protein (CRP) [9, 10]. These
indicators are widely recognized for their relevance in evaluating both perceived and physiological recovery
after exercise.
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By systematically integrating these subjective and objective indicators, this review aims to clarify the
effects of CWT on subjects fatigue recovery across different post-exercise time points, providing a more
comprehensive understanding of its efficacy.

Based on the available literature, the present study hypothesizes that:

1. CWT can alleviate exercise-induced fatigue and promote subsequent exercise performance.

2. CWT and CWI have similar effects on fatigue recovery and promote subsequent exercise perfor-
mance.

3. The efficacy of CWT varies depending on immersion depth, exercise types, and experimental de-
signs.

Methods and materials

2.1 Literature Search Strategies

This meta-analysis was conducted from January 2023 to July 2023 according to the guidelines of
PRISMA [11]. PubMed, Web of Science, and Elsevier were used as the primary databases for the literature
search. The search terms included “Contrast Water Therapy” OR “Contrast water immersion” OR “CWT?”,
“Exercise performance” OR “Sports performance” OR “Athletic performance”, and “Fatigue” OR “Recov-
ery”. Only articles published in English between 2002 and 2022 were considered. This timeframe was cho-
sen to focus on studies conducted within the past two decades, as it reflects the evolution of contemporary
practices, methodologies, and technologies in Contrast Water Therapy (CWT), ensuring the inclusion of re-
cent and up-to-date research. All searches were conducted by two researchers (XFY, JL), with a third re-
searcher (ZH) performing a review for accuracy and completeness.

2.2 Literature inclusion and exclusion criteria

Following the PICOS criteria outlined in Cochrane systematic reviews, the inclusion criteria for the lit-
erature were as follows: (1) Participants: General population without specific gender restrictions and free
from any diseases. The inclusion criteria did not specifically limit participants to athletes, nor did it impose
restrictions on age range, as the focus was on the intervention outcomes rather than participant characteris-
tics; (2) Intervention: Post-exercise CWT intervention, with cold water temperature <20 °C and hot water
temperature >36 °C, this temperature was selected based on prior studies [12]. The inclusion criteria did not
impose specific restrictions on the duration of immersion cycles in CWT interventions, as the focus of this
review was on the overall effects of CWT rather than the optimization of immersion time. The immersion
depth included whole-body immersion up to the umbilicus or shoulders, while studies involving partial im-
mersion, such as hot-cold showers, were excluded to maintain consistency in the intervention protocols; (3)
Experimental Design: Both independent samples (between-group designs) and repeated measures (within-
group designs) were included, provided they met the inclusion criteria. To ensure valid comparisons, all
studies were required to have a clearly defined control group, which performed either passive recovery or
low-intensity active recovery. Studies without a control group or those using inappropriate comparison
groups (e.g., partial immersion or alternative recovery methods) were excluded; (4) Exercise Type: No spe-
cific restrictions were imposed on the type of prior exercise performed by participants; (5) Outcome
Measures: Subjective recovery characteristics (DOMS, RPE) and/or objective recovery features (Sprint time,
CMJ, CK, lactate, CRP, and IL-6).

The following studies were excluded from consideration: (1) Participants with specific major illnesses
affecting exercise performance; (2) Studies with inadequate experimental design; (3) Duplicate publications;
(4) Animal experiments; (5) Articles published in languages other than English.

2.3 Variable Selection

The primary outcome measures included subjective recovery characteristics (DOMS, RPE) and objec-
tive recovery features (Sprint time, CMJ, CK, lactate, CRP, and IL-6). DOMS and RPE were assessed using
validated scales, while Sprint time and CMJ were used to evaluate physical performance. Biochemical mark-
ers, such as CK and lactate were included to assess muscle damage and metabolic recovery, respectively.
Measurements were taken at multiple time points post-intervention: immediately (Oh), 1 hour (1h), 24 hours
(24h), and 48 hours (48h) after CWT intervention. The systematic search strategy and literature selection
process are illustrated (Fig. 1).

58 ISSN 3081-0531 (Print) ISSN 3081-054X (Online)



Fatigue Recovery and Exercise...

Identification of studies via databases and registers
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Figure 1. Systematic review procedure

2.4 Data Extraction

Basic information from the literature was extracted by two researchers and subsequently cross-verified.
A secondary verification of the extracted data was performed. The included literature underwent a quality
risk assessment. In case of discrepancies, a third researcher intervened, and a consensus was reached among
all researchers regarding the accuracy of the data extraction. The primary contents extracted included the
first author of the literature, publication year, sample size, age, and gender of the study participants, experi-
mental design, post-exercise intervention methods, outcome assessment indicators, and corresponding data.

2.5 Statistical processing

The heterogeneity analysis, data synthesis, subgroup analysis, forest plot generation, and publication bi-
as analysis were conducted using RevMan 5.4 software. When the units were consistent, the Mean Differ-
ence (MD) was selected for statistical analysis. When there were variations in measurement units or meth-
ods, the Standardized Mean Difference (SMD) was chosen. The I° statistic was utilized to assess heteroge-
neity among studies, where I values of 0 %, >25 %, >50 %, and >75 % represent no heterogeneity, low,
moderate, and high heterogeneity, respectively. In the presence of moderate to high heterogeneity (1* >
50 %), a random-effects model was applied; otherwise, a fixed-effects model was used. If heterogeneity was
observed, subgroup and sensitivity analyses were performed. After excluding studies with abnormal results,
the analyses were repeated to observe whether heterogeneity persisted.

2.6 Risk of bias

The Cochrane risk of bias tool was used to assess all included articles independently by two authors.
Each article was scored in the following aspects: random sequence generation, allocation concealment, blind-
ing participants, blinding personnel, blinding outcome assessors, incomplete outcome data, and other sources
of bias. Each item was classified as either high risk, unclear risk or low risk [13]. Any disagreements were
discussed with a third reviewer (ZH).
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2.7 Subgroup analysis

Subgroup analyses were conducted based on different body parts (shoulders, umbilicus), different ex-
perimental types (randomized controlled trials (RCTs), cross-over Trials, and other types of Trials) and dif-
ferent types of exercise when performing CWT intervention.

Results

3.1 Risk of bias of the included literature
The risk of bias assessment for the included studies is shown in Figures 2 and 3.
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Figure 2. Risk of bias graph for all included studies
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Random sequence generation selection bias
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Figure 3. Risk of bias summary for all included studies

3.2 Basic characteristics of the included literature

In this review, a total of 17 studies were included, providing the primary data source for this analysis
[6, 12, 14-28]. These trials initially recruited 368 healthy participants (338 males and 30 females). However,
due to individual dropouts (e.g., personal reasons or inability to complete the intervention), only 338 partici-
pants completed the trials and were included in the final analysis (Table 1).

Table 1
Summary of the included studies
th a;?fit;”;ﬂf: Enviroment Classifica- [CWT Outcome variables
Study, particip condition Exercise : duration and | Control and time of meas-
(training . tion of the
year (Tm4S; protocol . temperature] group urement post exer-
status, sex exercise .
) RHm+S) xnumber cise(h)
(m: ), age)
1 2 3 4 5 6 7 8
- Recreational . .
Fiona A . 24.3-25.8°C; . . [1 min at 14 min DOMS (0;1);
Crowther et ?nvgl\s; r(]leg;y 56.7- S'gﬂ:ﬁfgéﬁfy inlt_:r?sr;t 15°C+1 min passive CMJ(0;1);
al., 2019 2626 yr's ’ 61.0 %RH y at38°C]x7 recovery Sprint time(0;1)
Kusuma, Elite Sub-maximal . o o 15 min i
M. Nanang | athletes(30:0); intensity of cir- Suit;]-tr:r?gltmal tﬁalcfsgfnicn static ng:;esggg’
etal.,, 2021 | 18.23+1.17 yrs cuit training Y stretching
George Australian . [1 min at 14 min DO.MS (051524548)_;
. . - High o . . Fatigue(0;1;24,48);
P. Elias et |Footballers(14:0); AF training . . 12°C+1 min at| passive o o
al, 2012 | 209433 yrs Nensity | ™ 3g0c1x7 | recovery | o oH(0:24:48);
" T Sprint time(0;24,48)
Essi Physically active Short term exer- [1 min at 10 min Lactate (0);
K. Ahokas men(9:0); cise with maxi- 10°C + 1 min active DOMS(1;24,48);
etal., 2019 26+£3.7 yrs mal effort at 38°C]x5 recovery CK(24,48)
i i . 1 min at i
Christos Healthy _ Sm_gle full quy High [ _ 14 min DOMS(0:1):
K. Arguset| males(13:0); resistance train- intensit 15°C + 1 min passive Fatigue(0:1)
al., 2016 26%5 yrs ing session y at 38°C]x7 recovery guet®:

- Recreational R G [1 min at . DOMS (1;24;48);
et avtive healthy ALl Simulated team- High . . min CMJ(1;24;48);
Crowther et | - 71.9- S ; ; 15°C + 1 min passive s '24-48)-
al. 2017 males(34:0); 73.9 %RH game circuit intensity o recovery Sprint time(1;24;48);
" 2746 yrs ' at 38°C]<7 TQR(1;24;48)
George Elite footballers o . [Lminat |14 min pas- DOMS (0,;1_;24,;48)_;

. TN 25.8°C; High- o . . Fatigue(0;1;24,48);
P. Elias et (24:0); o AF match . . 12°C+1 min at| sive recov- AN
al. 2013 19.942 8 yrs 63 %RH intensity 38°C]x7 ery (_ZMJ.(O,24,48),
" T Sprint time(0;24,48)
. Junior representa- .
Michael - . . [1 min at 8- .
J. Hamlin et tive rugb)./ p!ay- FEppEElEL il - ngh_- 10°C+1 min at € min .S‘IOW Lactate(0)
ers(17:3); test intensity o jogging
al., 2007 38°C]x3
19 £1 yrs
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Continuation of Table 1

1 2 3 4 5 6 7 8
. . 1 min at .
Jamie Well-trained L . [ o 10 min .
Stanley et | cyclists(18:0); 25.1+0.8°C int6e asTtmchlgl?n inTelg:i-t 14'2;?ﬁ6atc+2 passive ESiMLie((OO))’
al., 2012 27+7 yrs y cycling y recovery g

35.5+1.1°C]x3

. 5 sets of 10 ec- . .
Joanna Recreatlo.nal. centric bilateral High- [% A7 3L S8 il DOMS(0;24;48);
M. Vaile et | athletes(4:9); leq press contrac-|  intensit 10°C+2 min at| passive CK(0:24:48)
al., 2007 | 26.2+58 yrs ap i Y| 40-42°C]x5 | recovery s

[1 min at 10- 15 min
12°C+1 min at| passive Fatigue(48)

Trevor | Well-trained rug-

Higgins et | by players(24:0); Simulated game High-

al., 2012 19.5+0.8 yrs of rugby union Intensity 38-40°C]x5 recovery
- Healthy . . .
Philip . . Eccentric ham- Al [1 min at 10 min oo,
D. Glasgow part|C|par.|ts(32.18 string contrac- - ngh_ 10°C+1 minat| passive DOMS(Z,A"A',SJZ)’
); - - intensity o CK(24;48;72)
etal., 2014 tions to fatigue 38°C]x3 recovery
18-35 yrs
Taisuke | 28 young soccer . . [1 min at . .
Kinugasa et players; %0 mrr:r;ticr)]ocer inTe:ggi-t 12°C+2 min at 9 gégsg:'ve TQR(0;24)
al., 2009 | 143407 yrs y 38°C]x3 y
5 sets of 10 ec- . .
Joanna . . . [1 min at 14 min Lactate(0;24;48);
Vaile et al., Stﬁgg&;?g‘fd I:entrréisby:rtﬁrr:l_ inTelg?i_t 15°C+1 minat| passive CK(0;24,;48);
2008 : gp s y 38°C]x7 | recovery IL-6(0;24)
IJeremy Athletes(11:0); | 19.8+1.5°C; | Simulated team High- EZ min ‘?t 15 min DOMS(_O;Z_A';A'S);
ngram et 27.546.0 yrs 41+12 %RH | sports exercise intensit 10°C+2minat) - passive CK(0;24:48)
al., 2009 PE0-0Y P Y 40°C]x3 | recovery | CRP(0;24;48)
[2 min at q ; 2 AR
M.De | 18youngsoccer | 3 g} 70c. | 140 min low Low- Ry I L e ey
el el B 87.5+£2.9 %RH]| intensity training |  intensity min at passive GRS
2011 15.5£1.0 yrs 280.5°C] <2 recovery | Sprint time(0;24;48)
Laura Elite netball Netball specific High- [1 min at 14 min
E. Juliffet | athletes(0:10); P 9 15°C+1 min at| passive Fatigue(0;24)

circuit intensity

al., 2014 20+0.6 yrs 38°C]x7 recovery

3.2.1 Type of literature
The types of literature include single-group pre-post comparison studies [12, 15, 16, 21], cross-sectional
studies [24], randomized controlled trials [14, 17, 18, 20, 25], and cross-over studies [6, 19, 22, 23, 26-28].

3.2.2 Type of exercise

Type of exercise included team sports such as simulated rugby matches [16, 29], soccer training [6] and
matches [17, 23], netball-specific circuit training [22], simulated team-game circuit training [15, 21], high-
intensity cycling [26], sub-maximal intensity exercise [24], low-intensity training [25], short-term exercise
[12, 19], and eccentric exercise [18, 27, 28] (Table 1).

3.2.3 Characteristics of CWT

During CWT interventions, the immersion depth varied, including water reaching the level of the navel
or below [18-21, 24, 25, 28], as well as water reaching the level of the shoulders or below [6, 12, 14-17, 22,
23, 26, 27]. The temperature of the hot water during CWT interventions ranged from 28+0.5 °C to 42 °C,
and the cold water temperature ranged from 8 °C to 15+0.5 °C, with immersion durations of 6 to 15 minutes
per session (Table 1).

3.2.4 Characteristics of CON

The common control (CON) methods include passive recovery, typically lasting 8-15 minutes [6, 15—
18, 26, 28-33], as well as static stretching [24], jogging [19], and active recovery [12, 23], with varying du-
rations of 6—15 minutes. The reason for choosing these forms as control groups is that subjects during rest
periods in competitions are not just passively waiting [34], but also engage in low-intensity warm-up activi-
ties to maintain body temperature. Therefore, low-intensity active recovery has also been included in this
review (Table 1).
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3.3 CWT versus CON
3.3.1 DOMS

CWT significantly reduced DOMS at 1h, 24h, and 48h post-exercise compared to CON (1h: SMD -
0.59, 95 %CL -0.89 to -0.29, 6 trials); (24h: SMD -0.56, 95 %CL -0.86 to -0.27, 7 trials); (48h: SMD -0.39,
95 %CL -0.68 to -0.10, 7 trials). Heterogeneity was observed at 24h and 48h, but the use of a random-effects

model did not change the significance of the results (Fig. 4).

CWT CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.10h
Argus 2017 38 14 13 43 15 13 3.3% -0.53[-1.32,0.29] —
Fiona A Crowther 2019 36 14 14 36 189 14 37% 0.00[F0.74,0.74] S E—
George P. Elias 2012 45 12 14 49 15 14 37% -0.29 [-1.03, 0.46] _
George P, Elias 2013 72017 24 GE 1.6 24 B.21% 0.36 F0.21, 0.93] -
Jamie Stanley 2012 5 2 18 [ 1 18 45% -0.62 [-1.29,0.08] - 1
Jeremy Ingram 2004 7 2 1 7 2 11 2.9% 0.00 [0.84, 0.84] -1
Joanna M. Vaile 2007 2 1 13 24 2 13 3.3% -0.55[-1.34,0.23] e
Kusurna, M. Nanang 2021 633 1.25 10 726 033 10 23% -0.97 [-1.91,-0.04]
Subtotal (95% CI) 117 117 29.9% -0.25[-0.51, 0.01] .
Heterageneity, Chi*=9.66, df=7 (F = 0.21); F= 28%
Test for averall effect Z=1.87 (P = 0.06)
1.1.21h
Ahokas, Essik 2019 04 07 ! 1.2 1 5 21% -0.88 [-1.86,0.10] B
Argus 2017 35 16 13 44 17 13 33% -0.53 [-1.31,0.26] —
Fiana A Crowther 2017 25 17 34 36 22 34 BE% -0.55[-1.04,-0.07]
Fiana A Crowther 2019 28 14 14 33018 14 37% -0.28 [-1.03, 0.46] - 1
George P. Elias 2012 32 18 14 54 19 14 30% -1.22[-2.03,-0.40]
George P. Elias 2013 B3 13 8 GE 1.7 5 21% -0.19 [-1.17,0.80] -
Subtotal (95% CI) 92 92 22.9% -0.59 [-0.89, -0.29] -
Heterogeneity: Chi®=3.94, df=5 (P=0.568), F=0%
Test for overall effect: 2= 3.89 (P = 0.0001)
1.1.3 24h
Ahokas, Essik 20149 18 11 il 18 14 5 24% 0.00[F0.92,0.92] S E—
Fiana A Crowther 2017 29 1.8 34 32 018 34 8.0% -0.16 [-0.64,0.32] - 1
George P Elias 2012 43 18 14 T4 08 14 18% S2E1[353,-1.48) Y
George P. Elias 2013 E5s 07 8 TA 14 5 149% -0.85[-1.89,0.18] —
Jererny Ingram 2009 4 1 1 L] 1 11 2.5% -0.96 [-1.85,-0.07]
Joanna M. Vaile 2007 45 22 13 fA 24 13 31% -0.84 [-1.65,-0.03]
Philip D. Glasgow 2014 188 142 10 203 167 10 2E6% -0.09 [-0.97,0.78] - T
Subtotal (95% CI) 99 99  23.4% -0.56 [-0.86, -0.27] i
Heterageneity. Chi*= 20,658, df= 6 (P =0.002);, F=71%
Testfor overall effect 2= 375 (P =0.0002)
1.1.4 48h
Ahokas, Essik 20149 21 14 il 23 14 5 24% -0.13 [-1.06,0.749] —
Fiana A Crowther 2017 25 18 34 2 17 34 BA% 0.30 F0.18,0.78] T
George P, Elias 2012 38 14 14 64 1.3 14 23% 20294107 Y
George P. Elias 2013 41 07 8 55 16 5 18% -1.07 [-2.14,-0.00]
Jeremy Ingram 2009 4 1 1 5 1 11 5% -0.96 [-1.85,-0.07]
Joanna M. Vaile 2007 55 18 13 723 13 3.3% -0.57 [-1.35,0.22] e
Philip D. Glasgow 2014 277 183 10 339 2.4 10 2E6% -0.28 [-1.16, 0.60] —
Subtotal (95% CI) 99 99 23.8% -0.39 [-0.68, -0.10] -
Heterageneity, Chi*=23.21, df= 6P = 0.0007); F= 74%
Test for overall effect: 2= 2.61 (P = 0.008)
Total (95% CI) 407 407 100.0% -0.43 [-0.58, -0.29] L 4
Heterogensity: Chi*=B1.31, df= 27 (F = 0.0002); = 56% 5 ! v ! ¥

Test for overall effect: Z=5.87 (P = 0.00001)
Testfor subaraun differences: Chi*= 385 df=3 (P=028.F=221%

Favours [CWT] Favours [COM)]

Figure 4. Forest plot of the comparison of CWT versus CON for measurement of DOMS
CWT=Contrast water therapy, CON= Control, DOMS= Delayed-onset muscle soreness.

Sensitivity analyses were conducted to investigate whether heterogeneity was caused by individual
studies. Heterogeneity decreased when George et al. [6] was excluded at 24h (Chi2 = 5.57, df = 5 (P= 0.35);
I =10 %), suggesting that this literature may be responsible for the heterogeneity.
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CWT subgroup analysis was performed based on different immersion depth to further explore potential
sources of heterogeneity. There was no significance between the subgroups of the shoulder and umbilical
immersion groups (24h Test for subgroup differences: Chi2=0.11, df=1(P=0.74); 1>=0 %); (48h Test for sub-
group differences: Chi2=0.02, df=1(P=0.89); 1°=0 %), indicating that the difference immersion depth of
CWT was not responsible for the heterogeneity. Subgroup analyses were performed according to the type of
experiment, but no statistically significant difference was observed (Test for subgroup differences: 24h:
Chi2=2.33, df=2(P=0.31); 1°=14.0 %; 48h: Chi2=1.83, df=2(P=0.40); I°=0 %).

3.3.2 Perceived fatigue

Perceived fatigue was significantly reduced at Oh, 1h, 24h, and 48h after CWT compared to CON (Oh:
SMD -0.43, 95 %CL -0.77 to -0.08, 6 trials); (Lh: SMD -0.81, 95 %CL -1.30 to -0.31, 3 trials); (24h: SMD -
0.71, 95 %CL -1.18 to -0.24, 4 trials); (48h: SMD -0.48, 95 %CL -0.96 to -0.00, 4 trials) (Fig. 5). Heteroge-
neity was low across time points, and sensitivity analysis confirmed the stability of the results.

CWT CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.10h
Argus 2017 3z 13 13 39 17 13 1% -0.45811.23,0.33] —
Gearge P, Elias 2012 ar 11 14 K 214 Ba% -0.24 [-0.98, 0.40] I
George P. Elias 2013 7h 14 8 7 12 8 48% 0.35 064, 1.34] —
Jamie Stanley 2012 5 1 18 B 1 18  46% -0.98 [-1.67,-0.28)
Laura E Julif 2014 34 158 10 43 1 10 B0% -0.30[1.18, 0.48] —
ht.DE Mardi 2011 A7 074 § 647 043 0 34% -0.57 [1.73, 0.60] —
Subtotal (95% CI) 69 69 39.8%  -0.43[-0.77,-0.08]

Heterogeneity: Chi*=514, df= 5 (P =040} F= 3%
Testfor overall effect 2= 2.44 (P=0.01)

1.22 1h

Argus 2017 27 1213 33 14 13 T7% -0.45[1.23,0.39] —
George P. Elias 2012 31 11 14 a7 21 14 B5% -1.45[-2.30,-0.60]

George P Elias 2013 ] 1.7 g BB 1.3 B 4% -0.580[1.50, 0.50] —
Subtotal (95% CI) 35 35 18.8%  -0.81[-1.30,-0.31]

Heterogeneity, Chi*=3.41 df= 2 (F=0.18); F= 1%
Test for averall effect 7= 318 (F=0.001)

1.2.3 24h
George P. Elias 2012 31 1.3 14 47 1.7 14 T4% -1.03[1.82,-0.239]
George P Elias 2013 .3 1.3 g 64 1.2 g 43% -0.83 (.87, 0.20]

Laura E Julif 2014 37 1.1 10 4 11 10 6.0% -0.26 [-1.14, 0.63] —
ht.DE Mardi 2011 B2 045 B GBI 074 B 34% -0.85[1.82, 0.53 I
Subtotal (95% CI) 34 3| 21%  0.71[-1.18,-0.24]

Heterogeneity: Chi*=1.67, df= 3 (P = 0.64); F=0%
Test for overall effect 2= 295 (P =0.003)

1.2.4 48h

George P. Elias 2012 3 14 14 48 1.7 14 7.0% -1.18[2.00,-0.37]

George P. Elias 2013 3.4 1.4 g 43 1.5 B 48% -0.26[1.25,0.73 I
ht.DE Mardi 2011 B4 045 f 65 043 B 36% =017 [1.31, 0.96] —
Trewor Higging 2012 450 141.42 8 4375 14079 B 48% 0.08 [0.90, 1.06] —
Subtotal (95% CI) 36 36 203%  -0.48[-0.96,-0.00]

Heterogeneity. Chi*=4 63, df= 3(F=020) F= 35%
Testfor overall effect Z=1.98 (P =0.04)

Total (95% Cl) 178 178 100.0%  -0.57[-0.78,-0.35]
Heterogeneity: Chi*= 1686, df= 16 (P = 0.38); F= 4%

Test for overall effect; Z= 816 (P = 0.00001)

Test for subaroun difierences: Chif= 201, df=3(P=057.F=0%
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Figure 5. Forest plot of the comparison of CWT versus CON for measurement of Fatigue
CWT=Contrast water therapy, CON= Control, Fatigue= Perceived fatigue.
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3.3.3CMJ

No significant difference in CMJ were observed at any time point post CWT in comparison to the CON
(Oh: SMD -0.02, 95 %CL -0.44 to 0.41, 4 trials); (1h: SMD -0.15, 95 %CL -0.55 to 0.25, 2 trials); (24h:
SMD -0.03, 95 %CL -0.38 to 0.32, 4 trials); (48h: SMD -0.01, 95 %CL -0.41 to 0.39, 3 trials). The results
indicate that the CWT intervention did not enhance CMJ immediately after exercise or at the 1h, 24h, and

48h post-exercise (Fig. 6).

CWT CON Std. Mean Difference Sti. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI I, Fixed, 95% CI
1.3.10h
Fiana A Crowther 2018 151 21 14 152 23 14 T.0% -0.04[-0.78,0.70]
George P.Elias 2012 068 013 14 066 017 14 7.0% 013 F0.61,0.87]
George P Elias 2013 086 0.04 8 047 0.04 8 40% -0.24[-1.22,0.74]
W.OE Mardi 2011 3878 348 f 3876 274 B 30% 0.01F1.13,1.14]
Subtotal (95% CI) 42 42 21.0% 0.02[-0.44,0.41] —ean e
Heterogeneity, Chi*= 034, df= 3 {P=0.95); F= 0%
Testfar overall effect £=0.07 (F=0.594)
13.21h
Fiana A Crowther 2017 16.2 2 34 165 23 34 17.0% -0.14 [-0.61,0.34] — T
Fiana A Crowther 2019 163 22 14 157 21 14 T0% -0.18[-0.92, 0.56]
Subtotal (95% CI) 48 48  24.0% -0.15[-0.55, 0.25] e {iin—
Heterageneity: Chi= 001, df=1 (P =0492); F= 0%
Testfor overall effect £=0.73 (P = 0.46)
1.3.3 24h
Fiana A Crowther 2017 162 23 4 165 22 M 1T.0% -013[-0.61,0.34] D
George P.Elias 2012 0.67 0.14 14 066 013 14 F0% 0.07 F0.67, 0.81]
George P.Elias 2013 086 0.04 8 055 003 8 40% 0.27F0.72,1.25]
W.OE Mardi 2011 3788 342 f 3823 312 B 30% -0.07 [-1.20,1.07)]
Subtotal (95% CI) 62 62  31.0% -0.03[-0.38, 0.32] R
Heterogeneity, Chi*= 060, df= 3 {P=0.90); F= 0%
Testfar overall effect Z=0.16 (F = 0.88)
1.3.4 48h
Fiana A Crowther 2017 162 21 34 164 23 34 170% -0.09[-0.57,0.349] I E—
George P.Elias 2013 047 002 8 056 0.03 8 398% 0.37 [F0.62,1.36]
W.OE Mardi 2011 3747 3H f 3777 3N B 30% -0.09[-1.22,1.08]
Subtotal (95% CI) 48 48  24.0% -0.01[-0.41,0.39] =2 BERER.—
Heterogeneity, Chi*= 069, di=2{P=071);F=0%
Test for averall effect: 7= 0.07 (F=0.95)
Total (95% CI) 200 200 100.0% -0.05[-0.25, 0.14] *

Heterageneity: Chif= 196, df=12(P=1.00); F=0%
Testfor overall effect £=0.51 (P=0.61)

Testfar subaroup differences: Chf=0.31. df= 3 (P=0496) F=0%

a5 0 05
Favours [CWT] Favours [CON]

Figure 6. Forest plot of the comparison of CWT versus CON for measurement of CMJ
CWT=Contrast water therapy, CON= Control, CMJ=Countermovement jump.
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3.3.4 Sprint time

As the figure shows, the sprint time after CWT intervention was not significantly different from the
CON group at Oh, 1h, 24h, and 48h (Oh: SMD 0.13, 95 %CL -0.30 to 0.56, 4 trials); (1h: SMD 0.10, 95 %CL
-0.30 to 0.50, 2 trials); (24h: SMD -0.20, 95 %CL -0.56 to 0.16, 4 trials); (48h: SMD -0.04, 95 %CL -0.39 to
0.32, 4 trials). However, the data showed heterogeneity at 24h (1=62 %). There was still no significant dif-
ference between the two groups after the random effects model was used (24h: SMD -0.30, 95 %CL -0.96 to
0.36, 4 trials) (Fig. 7).

CWT CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.4.10h
Fiona A Crowther 2019 231 158 14 3017 14 BT% (.06 [-0.68, 0.80] B
George P Eliag 2012 18497 046 14 1887 041 14 67% 0.00[0.74,0.74] B
Gearge P Elias 2013 1922 0.4k 8 1914 028 8 38% 0.20[-0.78,1.18] A
W.DE Mardi 2011 356 0.26 344 015 B 27% 0.52 [-0.64,1.68] ]
Subtotal (95% Cl) 42 42 19.9% 0.13[-0.30, 0.56] <P

Heterogeneity: Chi®=0.61, df=3 (P =0.89); F=0%
Testfor averall effect £=0.59 (P = 0.55)

14.2 1h

Fiona A Crowther 2017 218 14 34 219 24 34 162% -0.05 [-0.53,0.43] -

Fiona A Crowther 2018 228 16 14 221 12 14 65% 0.48[0.27,1.23] T
Subtotal (95% CI) 48 48 22.7% 0.10[-0.30, 0.50] -

Heterogenaity: ChiF= 1,36, df= 1 (P= 0.24) F= 27%
Testfor overall effect 7= 0,48 (P = 0.62)

14.324h
FionaACrowther 2017 216 14 34 214 14 34 162%  007[0.40,058] -
George P Elias 2012 1882 051 14 1928 055 14  60%  -084[1.62,-008] —
George P Elias 2013 1899 044 8 1939 028 & 33%  -1.01[2.08,008] —

M DE Nardi 2011 362 019 6 352 012 B 27%  (058[059,174) —

Subtotal (95% Cl) 62 62 282%  -0.20[-0.56,0.16] <>
Heterogeneity: Chi*= 7 85, df= 3 (P = 0.05); = 62%

Testfor averall efiect 7=1.10 (P = 0.27)

1.4.448h

FionaACrowther 2017 214 13 34 216 18 34 162%  -013[0.60,035] T
George P Elias 2012 1878 053 14 1862 07 14 66%  025[0.49,080) T
George P Elias 2013 1885 044 8 1902 035 68 37%  -040[1.40,059 — T

M DE Nardi 2011 162 022 B 356 015 B 28%  (0.29(0851.43) —

Subtotal (95% Cl) 62 62 203%  -0.04[-039,0.32] <>
Heterogeneity, Chi*=1.46, df=3 (F=0.67); F=0%

Testfor averall efiect Z=0.20 (P = 0.84)

Total (95% Cl) 214 214 100.0%  -0.02[-0.21,0.17] ?
Heterageneity: Chi*=13.18, df= 13 (P = 043, F=1% L

Testfor averall effect Z=0.19 (P = 0.85)

Testfor suberoun difierences: Chit= 180, df= 3 (P = 061}, F= 0% Favours [CWT]. Favours [CON

Figure 7. Forest plot of the comparison of CWT versus CON for measurement of Sprint time
CWT=Contrast water therapy, CON= Control.

Sensitivity analyses were conducted to determine the causes of heterogeneity. Eliminating the literature
one by one did not change the heterogeneity between the data. To thoroughly examine the heterogeneity, the
subgroup analysis was conducted based on the varied water positions during CWT. The results indicate no
significant difference between the subgroups (Test for subgroup differences: Chi2=0.36, df=1(P=0.55);
1°=0 %), suggesting that difference in water immersion at either shoulder or umbilical level do not contribute
to heterogeneity in sprint times at 24h post-CWT. During the subgroup analysis of various trial types, no sig-
nificant difference was found (Test for subgroup differences: Chi2=1.16, df=1(P=0.28); 1’=13.7 %), indicat-
ing that trial type variations do not have a significant impact on the observed heterogeneity in sprint time
outcomes at 24h after CWT.
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3.3.5 Lactate

Compared to CON, there was no significant difference in lactate in the CWT group at Oh, 24h or 48h
(Oh: SMD -0.20, 95 %CL -0.60 to 0.20, 4 trials); (24h: SMD 0.16, 95 %CL -0.43 to 0.76, 1 trials); (48h:
SMD 0.34, 95 %CL -0.26 to 0.94, 1 trials). There was heterogeneity among the data at Oh (1’=60 %), hence a
random effects model was used. However, the results were still not significantly different (Oh: SMD -0.34,
95 %CL -0.99 to 0.32, 4 trials), indicating that the results were stable (Fig. 8).

CWT CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.5.10h
Ahokas, Essi kK 2019 32 1 8 44 11 9 83% -1.09-2.09,-0.08)
JoannaYaile 2008 280 87 15 ME 93 38 234% 0.35[0.25,0.95] T
Kusuma, M. Manang 2021 284 042 10 262 031 10 11.0% -0.21 [1.09, 0L67] - T
MichaelJ. Hamlin 2007 87 31 10 108 25 10 10.2% 071 1,682, 0.20] -1
Subtotal (95% CI) 44 67 52.9% -0.20[-0.60, 0.20] <

Heterogeneity, Chi*= 7 44, df= 3 (P = 0.06); = 60%
Testfor overall effect =096 (F = 0.34)

1.5.2 24h
JoannaYaile 2008 291 132 15 P00 123 38 237% 016043, 0.76] t
Subtotal (95% CI) 15 3B 23.7% 0.16 [-0.43, 0.76]

Heterogeneity, Mot applicable
Testfor averall effect 7= 044 (P =0.48)

1.5.3 48h
Joannaaile 2008 B4 N7 16 2300 92 38 234% 0.34 0.26, 0.94] T
Subtotal (95% CI) 15 38 234% 0.34[-0.26, 0.94] <>

Heterogeneity Mot applicable
Testforoverall effect Z=110(F=0.27)

Total (95% CI) 74 143 100.0% 0.01[-0.28, 0.30] ?
Heterogeneity, Chi*=8.85, df=4 (P =0.08); F=49%

Testfor overall effect 2= 0.09 (F=0.93)

Testfor subaroup differences: Chi*=2.41. df=2(F=030.F=171%

-4 -2 a 2 4
Favours [CWT] Favours [CON]

Figure 8. Forest plot of the comparison of CWT versus CON for measurement of Lactate
CWT=Contrast water therapy, CON= Control.

Sensitivity analyses to identify sources of heterogeneity revealed that there was no heterogeneity be-
tween the data when the Joanna Vaile, 2008 literature was deleted (Chi2=1.71, df=2(P=0.43); 1°=0 %), so it
is probable that this literature was the source of heterogeneity between the data. Meanwhile, after this litera-
ture was deleted, significant difference between the CWT group and the CON group was identified (SMD -
0.63 95 %CL -1.17 to -0.10, 3 trials). This suggests that the results of the original meta-analysis were suscep-
tible to significant changes due to changes in the number of studies.

In order to investigate the source of heterogeneity in lactate levels at Oh, subgroup analyses were con-
ducted. There has no significant difference between the shoulder and umbilicus subgroups of CWT (Test for
subgroup differences: Chi2=0.03, df=1(P=0.86); 1°=0 %), which suggest that alterations in water positions
during CWT were not responsible for the variability in lactate levels at Oh. In addition, subgroup analyses
were performed based on the type of trials. There was no significant difference among subgroups of varying
trial types (Test for subgroup differences: Chi2=0.50, df=1(P=0.48); 1°=0 %), suggesting that difference in
type of trials were not a source of Oh lactate heterogeneity.
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3.36CK

As shown, there was no significant difference in CK between the CWT group and the CON group at Oh,
24h, and 48h (0h: SMD -0.17, 95 %CL -0.58 to 0.24, 3 trials); (24h: SMD -0.05, 95 %CL -0.40 to 0.29, 5
trials); (48h: SMD 0.00, 95 %CL -0.35 to 0.35, 5 trials). And there was no heterogeneity between the results,
suggesting that CWT was not effective in improving CK compared to CON (Fig. 9).

CWT CON Std. Mean Difference Sti. Mean Difference
Study or Subaroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% C
1.6.10h
Jererny Ingram 2009 344 18 N 410 A0 11 B% -0.35F1.19, 048] —
Joanna M. Vaile 2007 1134 438 13 1248 w1l TE% -0.18 [F0.95, 0.58) -1
Joanna Vaile 2008 228 My 15 MA 200 3 124% -0.08 [0.68, 0.52] - 1T
Subtotal (95% Cl) 39 62 262%  -0.17[-0.58,0.24] i

Heterogeneity, Chi*= 027, df= 2 (F=0.88) F=0%
Testfor overall effect Z=0.81 (F=0.42

1.6.2 24h

Ahokas, Essik 2018 B.61 064 9 638 06 9 51% 031 [062,1.29] -1
Jererny Ingram 2009 f82 LTI | 1 a1 B3% 047 FL0T, 067 - 1
Joanna M. Yaile 2007 207 1603 13 296 184 13 7A% 005082072 - 1
Joanna Yaile 2008 (1 ) R R T 1 3% 124%  -0.00[0.60 0.60] - 1

Philip D. Glasgow 2014 4157 33479 10 60634 58954 10 457%  -038[1.27 081 R

Subtotal (95% CI) 58 81 374%  -0.05[-0.40,0.29] b

Heterogeneity, Chi*=1.23, dfi=4 (F=0.87), F=0%
Testfor overall effect Z=0.30(F =10.76)

1.6.3 48h

Ahokas, Essi kK 2014 i3 08 8 609 0gs 8 44% 062033147 -1
Jerermy Ingram 2008 332 1688 1 381 4236 11 B3% 017 .01, 0067 -1
Joanna M. Vaile 2007 1854 1181 13 28401 3TEs 13 1% -0.4511.23,033] I
JoannaVaile 2008 416 A8 15 36 83| 124% 0131047073 .

Philip D Glasgow 2014 14973 223760 10 16201 165800 10 58% -0.06 [0.94, 0.82) Y
Subtotal (95% Cl) 58 81 367%  -0.00[-0.35,0.35] il
Heterogeneity Chi*= 3.26, df= 4 (F= 062} F=0%

Testfor overall effect Z=0.00(F =1.00)

Tatal (95% Cl) 155 224 1000%  -0.06[-0.28,0.15] *

Heterogeneity, Chi*= 514, df=12 (F=0.85) F= 0% |1 _0.5 ﬁ Dlﬁ
Testfor overall effect 2= 060 (F =055 . ’

1'
Testior subarouo diferences: Chi = 039, df= 2 (P= 0821, F= 0% Favours [CAT Favours [CON)

Figure 9. Forest plot of the comparison of CWT versus CON for measurement of CK
CWT=Contrast water therapy, CON= Control, CK=creatine kinase.
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3.3.7CRP

Analysis of the effects of post-exercise CWT and CON on CRP revealed no significant difference at Oh,
24h, and 48h, indicating that no improvement in CRP could be achieved after CWT. Meanwhile, only one
piece of literature was included in the CRP group for meta-analysis, which was insufficient literature to ade-

quately explain the results (Fig. 10).

Mean Difference
IV, Fixed, 95% CI

CWT CON Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl
1.7.10h
Jeremy Ingram 2008 06 04 11 06 0.3 11 8955% 0.00[-0.30,0.30
Subtotal (95% CI) 11 11 95.5% 0.00[-0.30,0.30]

Heterageneity: Mot applicable
Testfor overall effect Z=0.00{F =1.00)

1.7.2 24h

Jerermy Ingram 2008 33 38 11 29 1.7 11 1.4% 0.40[-2.08, 2.86]
Subtotal (95% CI) 11 11 1.4% 0.40[-2.06, 2.86]
Heterageneity: Mot applicable

Testfor overall effect Z2=032 (F=0.75)

1.7.3 48h

Jeremy Ingram 2008 26 26 11 16 1 11 31% 1.00[-0.65, 2.645]
Subtotal (95% CI) 11 11 3.1% 1.00[-0.65, 2.65]
Heterageneity: Mot applicahle

Testfor overall effect Z=119{F =023

Total (95% CI) 33 33 100.0% 0.04[-0.25,0.33]

N A

Heterogeneity: Chi*= 146, di= 2 (P=048), F=0%
Testfor overall effect Z=0.25{F=081)
Testfor subdgroun differences: Chif=1.46. df= 2 (F=043) F=0%
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Figure 10. Forest plot of the comparison of CWT versus CON for measurement of CRP
CWT=Contrast water therapy, CON= Control, CRP=C-Reactive Protein.

3.3.81L-6

There was no significant difference in IL-6 between the CWT group and the CON group at Oh and 24h,
indicating that post-exercise CWT was not able to optimize IL-6 in human blood. Meanwhile, this result is

not representative due to the insufficient amount of literature (Fig. 11).

CWT CON Mean Difference Mean Difference
Study or Subgroup _ Mean_SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.8.10h
Joanna Vaile 2008 22 07 15 2B 11 38 555% -0.40[-0.80,0.10] ——
Subtotal (95% CI) 15 38 555% -0.40[-0.90,0.10] -
Heterogeneity: Mot applicable
Testfor overall effiect Z=157 (P=012)
1.8.2 24h
Joanna Vaile 2008 1508 15 18 1 38 445% -0.40[-0.88, 0.16) —a—
Subtotal (95% CI) 15 38 445% -0.40[-0.96,0.16] i
Heterogeneity: Mot applicable
Testfor overall effiect Z=1.41 (P = 0.16)
Total (95% CI) 30 76 100.0% -0.40[-0.77, -0.03] -
Heterogeneity: Chi*= 0.00, df=1 (P =1.00) F= 0% l l

2 0 1

Testfor overall effect 2= 211 (P=003 Favours [CWT] Favours [CON]

Testfor subaroup differences: Chi*=0.00. df=1 (P =1.000. F=0%

Figure 11. Forest plot of the comparison of CWT versus CON for measurement of IL-6
CWT=Contrast water therapy, CON= Control, IL-6= Interleukin 6.
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3.4 CWT versus CWI

3.4.1 DOMS

The data presented in the figure indicates that there was a statistical difference only at 48h (48h: SMD
0.34, 95 %CL 0.03 to 0.65, 6 trials). Heterogeneity present at 1h, 24h, and 48h (1h: 1°=50 %; 24h: 1°=70 %;
48h: 1°=52 %), there was no statistical significance after selecting the random effects model at 1h, 24h, 48h.
This result suggesting that the findings at 48h were not stable enough. Meanwhile, there was no difference in
the effect of CWT or CWI intervention on post-exercise soreness (Fig. 12).

CWT Wl Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.10h
Argus 2017 35 14 13 34 18 13 38% 006 071, 0083 1
Fiona A Crowther 2019 3618 14 38 17 14 41% -0.11[-0.85, 0.63] -1
George P.Elias 2012 45 12 14 55 08 14 3T% -0.82[-1.70,-0.13] I
Geaorge P.Elias 2013 [ 8 BT 14 8 24% 030 [F0RE, 1.249) -1
Jamie Stanley 2012 9 2 18 9 1 18 5.4% 0.00 [0.65, 0.64) I
Jeremy Ingram 2009 T 2Mn T 211 33% 0.00[0.84,0.84) Y
Kusuma, M. Nanang 2021 33 126 10 &322 107 10 27% 083 [0.048,1.748) T
Subtotal (95% Cl) 88 88 25.5% -0.03[-0.33, 0.27] . 4

Heterogeneity, Chi*=8.79, df=6 (P=0.19); "= 32%
Testfor overall effect 2= 017 (P = 0.86)

21.21h

Ahokas, EssiK 2019 04 07 8 04 07 8 27% 0.00[0.92,0.82] -1
Argus 2017 15 16 13 33 12 13 39% 0.14 [0.63,0.91] -
Fiona A Crowther 2017 25 17 3 33 2 M 99% -0.43 (081, 0.08] ]
Fiona A Crowther 2019 28 15 14 33 19 14 41% -0.28[-1.03, 0.46] -1
George P. Elias 2012 12 16 14 12 14 43% 0.14 [-0.60, 0.88] -
George P. Elias 2013 63 13 B 45 1 g 1.8% 1.47[0.33, 2.61]

Subtotal (95% CI) 92 92 26.5% -0.06 [-0.36, 0.23] *

Heterogeneity: Chi*= 999, df=5 (P = 0.08); *=50%
Testfor averall effect Z=043 (P=0.67)

2.1.3 24h

Ahokas, Essi K 2019 18 119 13 11 9 26% 043060137 B
Fiona A Crowther 2017 29 18 3 33 21 3 101%  -020F068,027) T
George P. Elias 2012 £3 18 14 34 13 14 40%  056F0.20,1.31) R
George P. Elias 2013 65 07 & 47 07 & 1% 143[1.08,3.81]

Jerarmy Ingram 2009 41 13 11 8% 0.96 [0.07, 1.85]

Philip D. Glasgow 2014 188 142 10 2 186 10 30%  -0.07 [0.85, 0.81) T
Subtotal (95% C1) 86 86 238%  0.29]-0.02,0.60] g
Heterageneity: Chi*= 16.74, df= & (P = 0.008); = 70%

Testfor averall effect Z=1.81 (P=007)

2.1.4 48h

Ahokas, EssiK 2019 20016 9 17 129 17%  028F0651.21) T
Fiona A Crawther 2017 25 16 324 17 34 101%  006F0.42,054] N
George P. Elias 2012 35 15 14 28 12 14 40%  0A0F0.251.25) T
George P. Elias 2013 41 07 & 28 07 & 16% 1.76 [0.55, 2.96]

Jerarmy Ingram 2009 41 13 11 28% 0.96 [0.07,1.85]

Philin D. Glasgow 2014 277 183 10 34 319 10 30%  -D.23[1.11,0.66) 1
Subtotal (95% C1) 86 86 24.2%  0.34]0.03,0.65] <
Heterageneity. Chi*= 1032, df=5 (P = 0.07); = §2%

Testfor averall effect 2= 216 (P=0.03

Total (95% CI) 352 352 100.0%  0.13[-0.02,0.28] 4
Heterogeneity, Chi*= §1.31, df= 24 (P = 0.0010); F= 53% p : ! ! !

Testfor overall effect Z=1.64 (P=010)

Testfor subaroun difisrences: Chi= 5 47 df=3 (P = 0.14), F= 45 2% Favours [CAT] Favours [CW]

Figure 12. Forest plot of the comparison of CWT versus CWI for measurement of DOMS
CWT=Contrast water therapy, CWI=Cold water immersion, DOMS=delayed-onset muscle soreness.
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3.4.2 Perceived fatigue

No significant difference was found among the perceived fatigue metrics at Oh, 1h, 24h, and 48h post-
exercise with either the CWT or CWI interventions (Oh: SMD -0.02, 95 %CL -0.39 to 0.34, 5 trials); (1h:
SMD -0.14, 95 %CL -0.61 to 0.34, 3 trials); (24h: SMD 0.33, 95 %CL -0.21 to 0.87, 3 trials); (48h: SMD
0.44, 95 %CL -0.03 to 0.91, 4 trials). There was no heterogeneity (Oh: 1=0 %:; 1h: I1°=7 %; 24h: 1°=22 %;
48h: 1°’=0 %), hence a fixed effects model was used. The results revealed that there was no distinction in the
impact of CWT or CWI interventions on perceived fatigue (Fig. 13).

CWT Wi Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.210h
Argus 2017 32 13 13 148 12 13 84% 0.31 [0.46, 1.08] -1

George P. Elias 2012 a7 11 14 B3 09 14 8v% -0.58[1.34, 0.18] - 1
George P Elias 2013 74 1.4 g 1 g 1% 0.30[0.69,1.29]

Jamie Stanley 2012 5 118 5 118 1.7% 0.00 [-0.65, 0.65] -1
M.DE Mardi 2011 BAY 073 B 617 074 B 39% 0.00F1.13,1.13]
Subtotal (95% CI) 59 59 37.8%  -0.02[-0.39,0.34] i

Heterogeneity, Chi=3.19, df= 4 (P=0.43) F=0%
Test for overall effect 2= 013 (P =0.85)

2221h

Argus 2017 27 1.2 13 24 08 13 85% -0.09 [-0.56, 0.63] N
George P. Elias 2012 31 143 12 14 §o8% -0.51 [1.26, 0.29] -
George P. Elias 2013 B 1.7 g 43 14 g a1% 0421057 142

Subtotal (95% CI) 35 35 2.3% -0.14[-0.61,0.34] g

Heterogeneity, Chit= 216, df= 2 (P=0.34) F=T%
Test for overall effect 2= 047 (P=047)

2.2.324h

George P. Elias 2012 31 1.3 14 32 13 14 91% -0.07 [0.82, 0.67] - 1

George P. Elias 2013 b3 1.3 g 38 16 8 46% 0.91 F0.14, 1.99] ’
M.DE Mardi 2011 62 045 B 4567 103 B37% 0.62 F0.56,1.79] ’
Subtotal (95% CI) 28 28 17.4% 0.33[-0.21, 0.87] o

Heterogeneity: Chi*=2.85, df= 2 (P = 0.28) F=22%
Test for overall effect Z2=1.21 (P=0.23)

2.2.4 48h

George P. Elias 2012 3 14 14 26 13 14 90% 0.29 [F0.46, 1.03] -1

George P. Elias 2013 34 14 I 12 g 50% 0.51 [-0.48,1.51]

M.DE Mardi 2011 B4 0455 B 55 104 B 33% 0.9910.24, 227 ’
Trewor Higging 2012 450 141.42 8 400 18516 g a1% 0.29F0.70,1.27]

Subtotal (95% CI) 36 36 22.5% 0.44[-0.03,0.91] ~fiiii-

Heterogeneity, Chit=1.04, df= 3(P=0.74) F=0%
Test for overall effect Z=1.83(F =007

Total (95% CI) 158 158 1000%  0.12[.0.11,0.34]
Heterageneity ChiF=13.03, df = 14 (P = 0.52) F= 0% — ] :
Testfor overall effect Z=1.02 (P=0.31) A5 008

= 1024e= 1 Favours [CWT] Favours [CWI
Testfor subaroun difierences: ChiF= 410, df= 3 (P = 0.26). F= 26.7% avours [CWT] Favours [CAT

Figure 13. Forest plot of the comparison of CWT versus CWI for measurement of Fatigue
CWT=Contrast water therapy, CWI=Cold water immersion, Fatigue=Perceived fatigue.
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3.43CMJ

The results of CMJ at Oh, 1h, 24h, and 48h were not significant after CWT or CWI (Oh: SMD -0.16,
95 %CL -0.59 to 0.27, 4 trials); (1h: SMD 0.13, 95 %CL -0.28 to 0.53, 2 trials); (24h: SMD -0.08, 95 %CL -
0.43 to 0.27, 4 trials); (48h: SMD -0.14, 95 %CL -0.49 to 0.21, 4 trials), and there was no heterogeneity be-
tween any of the results (Oh: 1?=0 %:; 1h: 1=0 %:; 24h: 1°=0 %; 48h: 1°=0 %), so a fixed effects model was
used. These findings demonstrate that there is no difference in the effect of either post-exercise CWT or CWI
on CMJ (Fig. 14).

CWT ol Std. Mean Difference Sti. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.3.10h
Fiana A Crowther 2018 181 21 14 154 24 14 BE% -013[-0.87, 062 —
George P.Elias 2012 068 013 14 D063 011 14 BE% -0.08[-0.82, 0.66] Y R
George P.Elias 2013 0486 0.04 8 057 004 8 3T% -0.24[-1.22,0.79]
t.OE Mardi 2011 3878 349 3849 22 B 28% -0.35[-1.50,0.749]
Subtotal (95% CI) 42 42 19.6% 0.16[-0.59, 0.27] i

Heterogeneity, Chi*= 019, df= 3 {P=0.98); F=0%
Testfor overall effect £=0.75 (P = 0.45)

232 1h

Fiona A Crowther 2017 16.2 234 1538 A 34 15.9% 0.14[-0.33,0.82] I
Fiona A Crowther 2019 153 22 14 151 27 14 BE% 0.08[-0.66,0.82] I
Subtotal (95% CI) 48 48 22.5% 0.13[-0.28, 0.53] -

Heterogeneity, Chi*= 002, df=1{P=0.88);F=0%
Testfor overall effect £=0.61 (P=0.54)

2.3.324h

Fiona A Crowther 2017 182 23 34 163 21 34 180% -0.04 [-0.52,0.43] T
George P. Elias 2012 06y 014 14 063 003 14  BE% -0.08 [-0.82, 0.66] - 1
George P. Elias 2013 056 0.04 g 057 003 8 37% -0.27[-1.25,0.72]

W.DE Mardi 2011 3798 3482 B 38.08 334 6 2.8% 003116, 1.11]

Subtotal (95% CI) 62 62  29.0% -0.08[-0.43, 0.27] -

Heterogeneity, Chi*= 017, df= 3 {P=0498); F=0%
Testfor overall effect 2= 0.44 (P = 0.6E)

2.3.4 48h
Fiona A Crowther 2017 162 21 34 164 24 34 159% -0.08[-0.56, 0.349] T

George P Eliag 2012 neg 013 14 063 012 14 BE% 0.00[0.74,0.74] -
George P Elias 2013 n.ay 002 8 0458 002 8 36% -0.47 [-1.47,0.43]

W.DE Mardi 2011 KT FacRcY| 6 3862 27 B 28% -0.358 [1.50,0.749]

Subtotal (95% Cl) 62 62 28.9% 0.14[-0.49, 0.21] e
Heterogeneity: Chi*=0.74, df=3 (F=0.86); F= 0%

Testfor overall effect Z=0.78 (F=0.43)

Total (95% CI) 214 214 100.0% -0.07 [-0.26, 0.12] ﬁ

Heterogeneity, Chif= 237, df=13 (P=1.00); F=0% 12 '1 ) 1' 2'
Testfor overall effect £=0.70 (P = 0.48) e T sonire TR
Testfor subaroun difierences: Chi*= 126, df= 3 (P = 0.74). F= 0% Favours [CWT]- Favours [CIA]

Figure 14. Forest plot of the comparison of CWT versus CWI1 for measurement of CMJ
CWT=Contrast water therapy, CWI=Cold water immersion, CMJ=Countermovement jump.
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3.4.4 Sprint time

The findings reveal that there was no significant difference in sprint time between the CWT and CWI
interventions at Oh, 1h, 24h, and 48h (Oh: SMD 0.05, 95 %CL -0.38 to 0.48, 4 trials); (1h: SMD -0.21,
95 %CL -0.61 to 0.19, 2 trials); (24h: SMD 0.22, 95 %CL -0.13 to 0.58, 4 trials); (48h: SMD 0.22, 95 %CL -
0.13 to 0.58, 4 trials). The results were not heterogeneous (Oh: 1?=0 %: 1h: 1°=0 %; 24h: 1°=3 %; 48h:
12=0 %), necessitating a fixed-effects model. No evidence of a difference in the effect of either CWT or CWI
intervention on exercise performance sprint time was found (Fig. 15).

CWT cwl Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
24.10h
Fiona A Crowther 2019 231 158 14 231 21 14 BE% 0.00[-0.74, 0.74]
George P. Elias 2012 18.97 0.4B 14 18.01 056 14 BE% -0.08 [-0.82, 0.67] -1
George P. Elias 2013 19.22 048 8 1914 067 g 38% 013085 1.11] -]
t.DE Mardi 2011 386 0.26 6 348 015 B 2.8% 0.35[-0.80, 1.49] -]
Subtotal (95% CI) 42 42 19.8% 0.05 [-0.38, 0.48] -

Heterageneity, Chi®= 042, df= 3P =094} F= 0%
Testfor overall effect 7= 022 (FP=082

24.21h

Fiona A Crowther 2017 218 14 34 22 13 34 16.0% -0.15[-0.62,0.33] T
Fiona A Crowther 2019 228 16 14 2315 2 14 B.5% -0.38 F1.12,0.37] I
Subtatal (95% CI) 48 48 22.5% -0.21[-0.61,0.19] B o

Heterageneity, Chi®= 0,26, df=1 (P =061} F=0%
Testfor overall effect £=1.04 (P =0.30)

2.4.3 24h

Fiona A Crowther 2017 21 14 34 215 13 34 161% 0.00[-0.48, 0.48] .

George PLElias 2012 18.82 0.9 14 18.62 048 14 B5% 0.39[0.36,1.14] ]

George P.Elias 2013 18.99 0.44 g 1854 041 2 31% 1.00[-0.06, 2.06] T
t.DE Mardi 2011 362 019 6 358 014 B 28% 0.22[-0.92,1.36] - 1=
Subtatal (95% CI) 62 62 28.6% 0.22[-0.13, 0.58] -

Heterageneity: Chi®= 311, df= 3 (P =0.38); F= 3%
Testfor overall effect Z=123(F=022)

2.4.4 48h

Fiona A Crowther 2017 214 1.3 4 N2 14 34 16.0% 015033 0.62] -

Gearge P. Elias 2012 18.78 0.43 14 1866 046 14 BE% 0.23[-0.51,0.98] -
Gearge P. Elias 2013 18.85 0.44 g8 185 0459 8 35% 0.64 [-0.38, 1.69] -1
t.DE Mardi 2011 362 022 G 36 013 B 2.8% 010[-1.03 1.23] - 1=
Subtotal (95% Cl) 62 62 29.0% 0.22 [-0.13, 0.58] ""
Heterogeneity: Chi*=0.78, df= 3 (F =0.88); F= 0%

Testfor overall effect Z=123(F=022)

Total (95% CI) 214 214 100.0% 0.09 [-0.10, 0.28] ?

Heterageneity, Chi=7.84, df=13(P=0.88), F=0%
Testfor overall effect £=0.83 (P =0.35)
Testfar subaroun differences: Chi= 328 df= 3P =035 F=8.6%

2 R i 1 2
Favours [CWT] Favaours [CWI]

Figure 15. Forest plot of the comparison of CWT versus CWI for measurement of Sprint time
CWT=Contrast water therapy, CWI=Cold water immersion.
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3.4.5 Lactate

There was no significant difference between lactate levels at Oh following CWT or CWI (Oh: SMD
0.23, 95 %CL -0.27 to 0.73, 3 trials), indicating that the immediate impact on lactate levels is similar when
using either CWT or CWI. The results at 24 h and 48 h showed a significant difference (24 h: SMD 0.87,
95 %CL 0.07 to 1.67, 1 trials); (48 h: SMD 0.85, 95 %CL 0.05 to 1.65, 1 trials), indicating that post-exercise
with CWI intervention is more effective in removing lactate than CWT at 24 h and 48 h. It should be noted
that this result is not representative as only one piece of literature was included (Fig. 16).

CWT CWl Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
25.10h
Ahokas, Essik 2019 N a 41 14 8 153% -0.70[-1.66, 0.26] [
Joannaaile 2008 280 8y 15 7 88 11 133% 057 F0.21,1.34] T
kusuma, M. hanang 2021 254 042 10 232 027 10 173% 0.60 [0.30,1.50] T
Subtotal (95% CI) M 3 55.9% 0.23[-0.27,0.73] -
Heterogeneity, Chi®= .00, df= 2 (F=0.08); F= 60%
Testfor overall effect 2=090 (F=0.37)
25.3 24h
Joannaaile 2008 291 132 15 184 65 12 0% 0.87 [0.07, 1.67] -
Subtotal (95% CI) 15 12 22.0% 0.87 [0.07, 1.67] -~ RE—
Heterogeneity, Mot applicable
Testfor overall effect 2= 214 (F=0.03)
254 48h
Joannaaile 2008 284 17 15 177 T 11 A% 0.85[0.0, 1.648] —
Subtotal (95% CI) 15 12 22.1% 0.85 [0.05, 1.65] —enrfifii-—
Heterogeneity, Mot applicable
Testfor overall effect 7=2.09 (F=10.04)
Total (95% CI) 64 55 100.0% 0.51[0.13,0.88] i

Heterogeneity, Chi*= 769, df=4 (P=0.10); F= 48% T T

-2 1 a 1 2

Test for overall effect Z2=2.65 (F=0.008) Fwéurs [CWT] Favours [CW]

Test for subaroun differences: Chi*= 2.69. df= 2 (P =0.26). F=25.5%

Figure 16. Forest plot of the comparison of CWT versus CWI for measurement of Lactate
CWT=Contrast water therapy, CWI=Cold water immersion.
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346 CK

Significant difference was observed between the data of CK at 24 h (24 h: SMD 0.48, 95 %CL 0.05 to

0.91, 4 trials). A fixed effects model was utilized due to the absence of heterogeneity amongst the results (0
h: 1°=0 %; 24 h: 1°=0 %; 48 h: 1°=0 %). The findings indicate that the interventions of CWT and CWI had
comparable effects on CK at 0 h and 48 h. Conversely, CWI had a greater effect on CK clearance compared

to CWT at 24 h (Fig. 17).

CWT cwi Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
26.10h
Jeremy Ingram 2004 44 1 1 34 1" 10.2% 0.19(0.65,1.03 - 1
Joanna Yaile 2008 229 7 18 203 12 124% 016 F0.60,0.92) I e
Subtotal (95% CI) 26 23 226% 0.17[-0.39,0.73] i
Heterogeneity: Chi*=0.00, df=1 (P = 0.96); F= 0%
Testfor overall effect 2= 060 (F=05%)
26.324h
Ahokas, EssiK 2019 .61 .64 9 G618 0g 9 8.0% 082 [0.42,1.47) I
Jeremy Ingram 2008 A82 LTI b T s M 102% 0.03F0.81, 0.86) -
Joanna Yaile 2008 736 1Me 1A 23 182 12 1.8% 0,58 [-0.20,1.36] - -
FhilipD. Glasgow 2014 4157 33478 10 20442 8906 10 8.4% 0.83F0.10,1.75) T _
Subtotal (95% CI) 45 42 38.5% 0.48[0.05,0.91] ~iiff-
Heterogeneity, Chi*=1.73, df= 3 (P = 0.83) F= 0%
Testfor overall effect 2= 216 (F=0.03
26.4 48h
Ahakas, Essi K 20149 B.66 na 586 0g g 74% 0.89(-0.09,1.88] ’
Jeremy Ingram 2008 332 168 11 337 18 1 10.2% -0.02 [-0.86, 0.81] -1
Joanna Yaile 2008 416 A9 18 N 249 12 121% 0.4210.35,1.19) -
FhilipD. Glasgow 2014 14873 223768 10 87675 121288 10 92% 0.33}0.55,1.2) - -
Subtotal (95% CI) 45 42 38.9% 0.37 [-0.06, 0.80] ~iffffie-
Heterogeneity: Chi*=1.48, df= 3 (F=048) F=0%
Testfor overall effect 2=1.70(F=0.09)
Total (95% Cl) 116 107 100.0% 0.3710.10, 0.63] -

Heterogeneity, Chi*=4.43, df=8 (P = 0.88), F= 0%
Testfor overall effect 2= 268 (P=0.007)
Testfor subaroun differences; Chf=0.71.df=2 (P=0700 F=0%

] |
080 05
Favours [CWT] Favours [CWI]

Figure 17. Forest plot of the comparison of CWT versus CWI for measurement of CK
CWT=Contrast water therapy, CWI=Cold water immersion, CK=Creatine kinase.
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3.4.7 CRP and IL-6

The analysis presented in the figure reveals no statistically significant difference between the groups
subjected to either CWT or CWI interventions in either the CRP or IL-6. However, due to the limited num-
ber of sources examined and the inclusion of only one study on indicators of CRP and IL-6, the findings are
not representative (Fig. 18, 19).

CWT cwl Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Fixed, 95% CI IV, Fixed, 95% CI
2.7.10h
Jerermy Ingram 2009 06 04 11 0r 0.8 11 B6E% -0.10[0.63,0.43]
Subtotal (95% CI) 11 11  86.6% -0.10[-0.63, 0.43]

Heterogeneity: Mot applicahle
Testfor averall effect Z=037 (P =0.71)

2.7.3 24h
Jeramy Ingrarm 2009 33 38 11 25 1.7 1" 40% 0.80[-1.66, 3.26]
Subtotal (95% CI) 11 11 4.0% 0.80 [-1.66, 3.26] e ——

Heterogeneity: Mot applicahle
Testfor averall effect Z= 064 (P = 0.52)

2.7.4 48h
Jeramy Ingrarm 2009 26 26 11 14 08 1" 94% 1.20[-0.41,2.81] -
Subtotal (95% CI) 11 11 9.4% 1.20 [-0.41, 2.81] e ——

Heterogeneity: Mot applicahle
Testfor averall effect Z=146 (P =014}

Total (95% CI) 33 33 100.0% 0.06 [-0.43, 0.55] *

Heterogeneity: Chi*= 2,63, df= 2 (P = 0.27); F= 24% 0 + T ¥ )
Testfor averall effect Z=023 (P =082 e ten e
Testfor subaroun differences: ChiF= 263 df= 2 (P = 0.27). F= 24 0% Favours [CWT] - Favours [CW]

Figure 18. Forest plot of the comparison of CWT versus CWI for measurement of CRP
CWT=Contrast water therapy, CWI= Cold water immersion, CRP=C-Reactive Protein.

CWT cwi Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.8.10h
Joanna Vaile 2008 2.2 07 15 445 6.8 12 46.4% -2.30[6.16,1.56] .
Subtotal {95% CI) 15 12 46.4% -2.30 [-6.16, 1.56] e —

Heterageneity: Mot applicahle
Testfor overall effect Z=117 (P=0.24)

2.8.3 24h
Joanna Yaile 2008 1.5 09 15 3T 63 12 63.6% -220[-5.79,1.39] —
Subtotal {95% CI) 15 12 53.6% -2.20[-5.79, 1.39] —eiie—

Heterageneity: Mot applicahle
Testfor overall effect Z=1.20 (P =023

Total (95% CI} 30 24 100.0% -2.25[-4.88,0.38] ~-
Heterogeneity, Ghif= 0.00, df=1 (F = 0.87); F= 0% Eh + p t "
Test for overall effect: £=1.67 (P = 0.09) [P e

F CWT] Fa CWI
Testfor subaroun diffierences: ChiE= 0.00. df= 1 (F = 0.97). F= 0% avours [CWT] - Favours [CWW]

Figure 19. Forest plot of the comparison of CWT versus CWI for measurement of IL-6
CWT=Contrast water therapy, CWI= Cold water immersion, IL-6= Interleukin 6.
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3.5 Subgroup analysis

3.5.1 Position of water during CWT

In the subgroup analysis focusing on water immersion depth during CWT, participants were divided in-
to two categories: the umbilical immersion group and the shoulder immersion group. The analysis of DOMS
outcomes revealed a statistically significant reduction in the umbilical immersion group at both 24 h and 48 h
(24 h: SMD -0.64, 95 %CL -1.13 to -0.15, 3 trials); (48h: SMD -0.60, 95 %CL -1.09 to -0.11, 3 trials) post-
CWT. This implies that submerging the body in water up to the umbilical level is effective in reducing mus-
cle soreness. In contrast, no significant difference was observed in the shoulder immersion group at these
time intervals, indicating that immersion up to shoulder level did not significantly alter muscle soreness at 24
h and 48 h. Additionally, the shoulder immersion group showed no notable difference in sprint time perfor-
mance, suggesting that water level reaching the shoulders does not influence sprinting ability 24 hours post-
CWT. However, the findings pertaining to the umbilical immersion group were based on a single study, lim-
iting the generalizability of this result. Regarding lactate levels no statistically significant difference was ob-
served in either the umbilical or shoulder immersion groups immediately post-CWT (0 hours). This indicates
that the depth of immersion, whether at the umbilicus or shoulder level, does not significantly affect lactate
levels at this time point.

3.5.2 Types of trial

Subgroup analyses based on trial type were conducted, categorizing studies into RCTS, cross-over trials,
and other types of trials. For DOMS, no significant difference was observed in the RCTs group at 24 h or
48h post-CWT. In the cross-over trials group, a significant reduction in DOMS was found at 24 h (SMD -
1.64, 95 % CI -3.28 to -0.01, 2 trials), but not at 48 h (SMD -0.61, 95 % CI -1.38 to 0.15, 2 trials). No signif-
icant differences were observed in the other types group at either 24 h or 48 h.

Regarding sprint time, results in the RCTs group did not show improvement at 24h post-CWT (SMD: -
0.49, 95 % CL: -1.38 to 0.41, across 3 trials). The literature inclusion for both the cross-over group and other
types group was deemed insufficient for meta-analysis. In terms of lactate levels immediately post-CWT
(0h), non-significant results were observed in both the RCTs group (SMD: -0.12, 95 % CL: -1.16 to 0.92,
across 2 trials) and other types group (SMD: -0.59, 95 % CL.: -1.25 to 0.07, across 2 trials). These findings
indicate that neither RCTs nor other types of trials were effective in altering lactate levels at 0 hours post-
CWT.

3.5.3 Types of exercise

Exploring the effects of CWT on subjects after different sport types. The results showed a significant
difference in DOMS at 1h and 24h when CWT was performed after team sports (1h: SMD -0.58, 95 %CL -
1.06 to -0.10, 3 trials); (24h: SMD -1.07, 95 %CL -2.05 to -0.08, 4 trials), especially following soccer, the
DOMS was significant at 24h and 48h (24h: SMD -1.68, 95 %CL -3.31 to -0.06, 2 trials); (48h: SMD -1.60,
95 %CL -2.31 to -0.90, 2 trials). There was insufficient literature to analyze rugby exercise. In team sports,
there was significant difference in indicator of perceived fatigue at 1h, 24h, and 48h (1h: SMD -1.01,
95 %CL -1.94 to -0.08, 2 trials); (24h: SMD -0.72, 95 %CL -1.23 to -0.21, 3 trials); (48h: SMD -0.55,
95 %CL -1.08 to -0.02, 3 trials). Additionally, it was also significant difference in the soccer group at 1 h and
24 h (1h: SMD -1.01, 95 %CL -1.94 to -0.08, 2 trials); (24h: SMD -0.95, 95 %CL -1.58 to -0.32, 2 trials).
There was also a significant difference in the indicator of sprint time in the soccer group at 24 h (24h: SMD -
0.90, 95 %CL -1.53 to -0.28, 2 trials).

For eccentric exercise, no significant differences were observed in DOMS, lactate, and CK at Oh, 1h,
24h, and 48h post-CWT intervention. No available data were reported for perceived fatigue, CMJ, and sprint
time in this category. In short-duration exercise, lactate levels significantly decreased at Oh post-CWT inter-
vention (SMD -0.88, 95 % CI -1.56 to -0.21, 2 trials). No significant differences were found in DOMS, per-
ceived fatigue, CMJ, sprint time, and lactate for high-intensity, submaximal intensity, or low-intensity exer-
cise.
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Discussion

4.1 CWT versus CON (passive rest and low-intensity active recovery)
All the results of CWT vs. CON are as shown in Table 2.

Table 2
Summary of results of CWT and CON
OH 1H 24H 48H
a It
DOMS — ! Umbilicus|; Umbilicus |;
Cross-over | Type—
Fatigue l l l 1
CcMJ — — — —
—f
Sprint time — _ Part—: o
Type—
—i
Lactate Part—,; — —
Type—
CK — — —
CRP — — _
IL-6 — —

Note. |= significantly decrease in CWT groups, compared with CON groups; 1= significantly increase in CWT groups, com-
pared with CON groups; — = unsignificant difference between CWT and CON groups; 7= heterogeneity present between CWT and
CON groups; Part= CWI of different body parts; Type= different type trial of CWT; CMJ= Countermovement jump; CK= Creatine
kinase; CRP= C-Reactive protein; DOMS= Delay of Muscle Soreness; Fatigue= perceived fatigue; IL-6= Interleukin 6.

This meta-analysis demonstrated that CWT significantly alleviates DOMS and perceived fatigue com-
pared to CON, consistent with previous findings by Dupuy et al. [35]. However, unlike the analysis conduct-
ed by Dupuy, this review incorporated subgroup and sensitivity analyses to investigate heterogeneity
sources, revealing that neither immersion depth nor trial type significantly influenced recovery outcomes.
Notably, the study of Dupuy included a broader range of exercise protocols and participant populations,
which may explain the differences in outcomes, particularly for biomarkers like CK.

The reduction in DOMS observed with CWT can be attributed to several potential mechanisms. Hydro-
static pressure during immersion likely facilitates fluid redistribution, reducing edema and alleviating muscle
soreness. Alternating vasoconstriction and vasodilation during CWT may enhance blood flow, thereby accel-
erating the clearance of metabolic by-products [28, 36]. Furthermore, cold water immersion reduces skin
temperature and sympathetic drive, which can promote recovery by decreasing muscle inflammation and
pain perception [37]. However, direct evidence supporting these mechanisms is sparse, and further research
is needed to elucidate their precise roles. Additionally, the placebo effect may partly explain subjective im-
provements, underscoring the importance of conducting future trials with appropriate blinding.

None of the biomarkers exhibited significant changes after CWT as compared to CON. CK is a general
biomarker that indirectly responds to muscle damage after strenuous exercise [38]. In contrast to the findings
of Dupuy, which reported a significant reduction in CK following CWT [35], the present meta-analysis did
not observe a significant effect of CWT on CK levels. The concentration of CK increases maximally when
performing multiple sets of moderate to high intensity eccentric exercises [39]. Most of the studies reviewed
only utilized a single exercise, which did not generate enough intensity to significantly increase CK. Conse-
guently, there was an insignificant variation in the recovery effect among the different intervention modali-
ties.

Lactate is a metabolite that accumulates during strenuous exercise and has traditionally been associated
with muscle fatigue. However, recent evidence suggests that lactate itself may not directly cause fatigue but
rather serves as an energy substrate and a buffer against acidosis [40, 41].The results are inconsistent with
other studies showing that CWT effectively reduces blood lactate levels at different times. This particular
study only found an immediate reduction in blood lactate after short-term exercise. This is because only one
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study about lactate indicators at 24 and 48 hours was included. Additionally, the short duration of CWT in-
cluded in the literature may also explain the insignificant changes in blood lactate at Oh [19]. Consistent with
the findings of Ingram and Vaile et al. that CWT does not affect inflammatory biomarkers [21, 27], this re-
view did not find an effect of CWT on IL-6 and CRP. This might be due to the fact that only a few studies
with indicators of 1L-6 and CRP were included in the present review and therefore the results were not repre-
sentative.

CWT did not enhance subsequent exercise performance compared to CON. Blood lactate was not sig-
nificantly reduced after CWT, and elevated lactate can adversely affect muscle contractile processes [42].
Both CMJ and sprint time, the metrics included in this review to characterize exercise performance, require
strong muscle contraction, which may explain why CWT did not improve exercise performance.

4.2 CWT versus CWI
All the results of CWT vs. CWI are as shown in Table 3.

Table 3
Summary of results of CWT and CWI
OH 1H 24H 48H
DOMS — — —t —
Fatigue — — — —
CMJ — — — —
Sprint time — — — —
Lactate — l !
CK — ! _
CRP — — —
IL-6 — —
Note. |= significantly decrease in CWI groups, compared with CWT groups; — = unsignificant difference between CWT and

CWI groups; = heterogeneity present between CWT and CWI groups; CMJ= Countermovement jump; CK= Creatine kinase; CRP=
C-Reactive protein; DOMS= Delay of Muscle Soreness; Fatigue= perceived fatigue; IL-6= Interleukin 6.

There was few statistically significant difference between CWT and CWI in terms of perceived indica-
tors like DOMS and fatigue, biochemical markers like CRP and IL-6, and exercise performance indicators
such as CMJ and sprint time. The study revealed a significant reduction in lactate levels at 24h and 48h as
well as a significant reduction in CK levels at 24h with CWI compared to CWT. This suggests that CWI is
an effective intervention for relieving body soreness after 24 hours of exercise. However, the long-term use
of cold water immersion leads to decreased muscle temperature and impaired exercise performance. Future
research aims to explore alternative recovery protocols.

4.3 Characterization of subgroup analysis

4.3.1 Immersion Depth

The recovery efficacy of CWT varied by immersion depth. Subgroup analysis based on immersion
depth revealed that immersing the body to the umbilicus was more effective in reducing DOMS at 24h and
48h compared to shoulder-level immersion. This effect can be attributed to hydrostatic pressure differences
[36, 43, 44]: when immersed to the umbilicus, hydrostatic pressure facilitates fluid transfer from the lower
extremities to the central cavity [36], reducing edema and soreness [44]. In contrast, full-body immersion to
the shoulders applies pressure to the thoracic and abdominal cavities, potentially counteracting the beneficial
fluid transfer from the lower extremities.

The exercise protocols in the included studies primarily targeted lower extremity muscles, which might
explain the more pronounced recovery effects with umbilical immersion. Additionally, the reduced pressure
on the upper body during umbilical-level immersion may enhance comfort and relaxation [36, 44], indirectly
promoting fatigue recovery.
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4.3.2 Trial Type

The effectiveness of CWT in promoting recovery differed across various trial type. Subgroup analysis
by trial type showed that cross-over trials were more representative of the effects of CWT on DOMS,
demonstrating significant reductions at 24h post-intervention. In contrast, RCTs and other trial types did not
show consistent improvements, likely due to variations in study designs and protocols.

The significant heterogeneity observed across different trial types suggests that methodological differ-
ences—such as participant selection, intervention timing, and exercise protocols—may influence the report-
ed outcomes. Future research should adopt more standardized trial designs to improve the comparability of
results.

4.3.3 Exercise Type

The recovery efficacy of CWT varied by exercise type. CWT was more effective in reducing DOMS
and perceived fatigue after team sports, particularly soccer, where significant improvements were observed
at 1h, 24h, and 48h post-exercise. This enhanced efficacy may be due to the high physical contact and mus-
cle damage typically associated with team sports, making the alternating hot and cold immersion used in
CWT particularly beneficial [20].

In contrast, CWT was less effective in recovery after eccentric exercises, with no significant improve-
ments in DOMS, lactate, or CK at any time point. Additionally, while CWT was effective in reducing lactate
immediately post short-duration exercise (0h), it did not show similar benefits for high-intensity, submaxi-
mal, or low-intensity exercises.

4.4 Limitations of the study design

It was not possible to blind the different interventions in the study design. Although a RCT design could
have been used to try to avoid the placebo effect, RCTs are not enough in this review. When conducting such
studies in the future, try to choose the same type of experiment to minimize variability. This study specifical-
ly focused on CWT due to its unique alternating hot-cold immersion protocol, which differs fundamentally
in mechanism and application from single-modality methods such as Hot Water Immersion (HWI) and
Thermoneutral Water Immersion (TWI). As a result, studies solely addressing HWI and TWI were excluded
to maintain a targeted scope. While HWI and TWI are recognized as effective recovery modalities, their
mechanisms (e.g., sustained vasodilation or neutral hydrostatic effects) are distinct and may warrant a sepa-
rate systematic review.

This study did not stratify results by gender or exercise protocols, which may influence recovery re-
sponses due to physiological and biomechanical differences. Additionally, biomarkers such as lactate dehy-
drogenase, blood urea nitrogen, and heart rate were not analyzed, limiting a comprehensive understanding of
the effects of CWT. Future research should address these limitations to provide a more nuanced understand-
ing of recovery dynamics across different populations and exercise modalities.

The literature search was limited to studies published between 2002 and 2022 to focus on research con-
ducted within the past two decades, reflecting contemporary practices and methodologies in CWT. While this
approach ensures the inclusion of relevant and standardized studies, it may exclude earlier pioneering studies
or more recent findings beyond 2022. Future reviews may expand this timeframe to incorporate additional
evidence

4.5 Future directions for research

In the future, researchers can select the same experimental type for review and analysis. They can also
combine multiple recovery methods as a post-exercise intervention for subjects to assess the efficacy of a
combined form of these modalities in enhancing subsequent exercise performance. It remains to be seen
whether different recovery modalities can be developed for different sports.

Conclusions

Post-exercise CWT interventions were effective in relieving perceived muscle soreness and perceived
fatigue. Although CWT did not consistently improve subsequent exercise performance across all conditions,
it showed potential benefits after specific types of exercise, such as soccer. Compared to CWT, CWI was
more effective in reducing objective soreness, but both interventions demonstrated similar efficacy in overall
fatigue recovery. Furthermore, the effectiveness of CWT varied depending on exercise types, with perceptual
benefits being more pronounced after team sports. While immersion depth and experimental designs were
considered as potential influencing factors, further research is required to confirm their roles in modulating
the efficacy of CWT.
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The study on the relationship between different exercise modalities
and physiological effects

This study aimed to systematically review the exercise intensities associated with various physical activities,
synthesize the physiological effects induced by different intensity levels, and establish a dose-response refer-
ence guide for exercise modalities, thereby providing a foundation for precision-based fitness regimens.
Methods: A comprehensive literature search was conducted across PubMed, Cochrane, Embase, Web of Sci-
ence, EBSCO, CNKI, VIP, and Wanfang databases to identify studies examining the effects of exercise mo-
dalities on physiological indicators. The methodological quality of included randomized controlled trials
(RCTs) was assessed using the Cochrane 5.1 handbook criteria. Effect sizes were pooled, and subgroup anal-
yses were performed using Review Manager 5.4. Results: A total of 42 RCT studies were included. Low-
intensity exercise modalities included ordinary walking, stair climbing, and Pilates. Moderate-intensity exer-
cise modalities included brisk walking, Baduanjin, jogging, square dancing, Tai Chi, swimming, cycling, and
dancing. High-intensity exercises included fast walking, fast running, soccer, and yoga. Low-intensity exer-
cises improved HDL-C (d=0.06), resting heart rate (d=-2.98), and diastolic blood pressure (d=-2.93). Moder-
ate-intensity exercises improved TG (d=-0.21), TC (d=-0.32), HDL-C (d=0.09), resting heart rate (d=-4.22),
systolic blood pressure (d=-4.92), diastolic blood pressure (d=-3.51), weight (d=-2.46), and vital capacity
(d=271.03). High-intensity exercises improved blood glucose (d=-0.18), systolic blood pressure (d=-3.21),
and diastolic blood pressure (d=-2.58). Traditional Chinese exercises improved HDL-C (d=0.19), blood glu-
cose (d=-1.49), vital capacity (d=285.09), systolic blood pressure (d=-9.96), and diastolic blood pressure (d=-
5.68). Common exercises improved TG (d=-0.18), TC (d=-0.18), HDL-C (d=0.08), vital capacity (d=223.62),
resting heart rate (d=-3.51), systolic blood pressure (d=-4.90), diastolic blood pressure (d=-2.96), weight (d=-
2.04), and BMI (d=-0.74). Conclusion: Moderate-intensity exercises (e.g., brisk walking, jogging, swimming,
Tai Chi) yielded more comprehensive physiological improvements compared to other intensities. Traditional
Chinese exercises exhibited superior efficacy in optimizing HDL-C, glucose metabolism, respiratory func-
tion, and blood pressure regulation.

Keywords: dose-response relationship, traditional Chinese exercises, exercise modalities, RCT.

Introduction

The health benefits of physical exercise are well-established, with extensive research demonstrating its
positive effects on cardiopulmonary function, muscular strength, and metabolic health. Investigating the rela-
tionship between exercise modalities and physiological responses holds significant theoretical and practical
implications for precision-based fitness interventions.

The latest international Compendium of Physical Activities (CPA) [1] catalogs the metabolic equivalent
of task (MET) values for over 1,000 specific activities across 21 categories. Similarly, domestic studies have
guantified energy expenditure in physical activities among Chinese populations [2]. However, these efforts
primarily focus on energy expenditure calibration and lack exploration of the dose-response relationships
between exercise intensity and physiological outcomes.

Furthermore, emerging evidence suggests that different exercise modalities, such as traditional Chinese
exercises (e.g., Tai Chi, Baduanjin, Qigong) and conventional exercises (e.g., brisk walking, swimming,
Pilates), elicit distinct physiological adaptations and health benefits. Thus, synthesizing the physiological
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effects of traditional Chinese exercises alongside conventional exercises is critical for optimizing exercise
prescriptions.

Methods and materials

2.1 Data Sources and Search Strategy

A systematic literature search was performed across multiple databases, including PubMed, Cochrane,
Embase, Web of Science, EBSCO, CNKI, VIP, and Wanfang, to identify relevant studies. In PubMed and
Cochrane, Medical Subject Headings (MeSH) terms were employed, while Emtree terms were used for
Embase. The specific search strategies are detailed in Table 1.

Table 1
Summary of Search Strategies

Search Term

P (population)  |young people; adolescence; young; Middle Aged [Mesh]; middle age; aged [Mesh]; elderly

Dancing[Mesh]; Dance; Ballet; Square Dance; Dance, Square; Hip-Hop Dance; Dance, Hip-Hop;
Hip Hop Dance; Jazz Dance; Dance, Jazz; Tap Dance; Dance, Tap; Modern Dance; Dance, Mod-
ern; Salsa Dancing; Dancing, Salsa; Line Dancing; Dancing, Line; Tai Ji[Mesh]; Tai-ji; Tai Chi;
Chi, Tai; Tai Ji Quan; Ji Quan, Tai; Quan, Tai Ji; Taiji; Taijiquan; T'ai Chi; Tai Chi Chuan; Martial
Arts[Mesh]; Arts, Martial; Hap Ki Do; Judo; Karate; Jujitsu; Tae Kwon Do; Aikido; Wushu; Kung
| (intervention) |Fu; Gong Fu; Fu, Gong; Gongfu; Racquet Sports[Mesh]; Racquet Sport; Sport, Racquet; Sports,
Racquet; Racket Sports; Racket Sport; Sport, Racket; Sports, Racket; Squash (Sport); Racquetball;
Racketball; Racket Ball; Ball, Racket; Badminton; Lacrosse; Bicycling[Mesh]; Jogging[Mesh];
Joggings; Swimming[Mesh]; Basketball[Mesh]; Basketballs; Netbal; Soccer[Mesh]; Soccers; Y o-
ga[Mesh]; Gymnastics[Mesh]; Calisthenics; Mountaineering[Mesh]; vigorously walks; walking;
brisk walking; fitness walking; walk

C (comparison) |blank control

resting heart rate; hrrest; heart rate at rest; serum total cholesterol; total cholesterol; total serum cho-
lesterol; Lipoproteins, HDL [Mesh]; HDL Lipoproteins; Heavy Lipoproteins; Lipoproteins, Heavy;
High-Density Lipoproteins; High Density Lipoproteins; Lipoproteins, High-Density; alpha-
Lipoproteins; alpha Lipoproteins; alpha-1 Lipoprotein; Cholesterol, LDL [Mesh]; Low Density
Lipoprotein Cholesterol; beta-Lipoprotein Cholesterol; Cholesterol, beta-Lipoprotein; beta Lipopro-
O (outcomes) tein Cholesterol; LDL Cholesterol; Cholesteryl Linoleate, LDL; LDL Cholesteryl Linoleate; Vital
Capacity [Mesh]; Capacities, Vital; Capacity, Vital; Vital Capacities; Forced Vital Capacity; Capac-
ities, Forced Vital; Capacity, Forced Vital; Forced Vital Capacities; Vital Capacities, Forced; Vital
Capacity, Forced; Blood Pressure [Mesh]; Pressure, Blood; Diastolic Pressure; Pressure, Diastolic;
Pulse Pressure; Pressure, Pulse; Systolic Pressure; Pressure, Systolic; Pressures, Systolic; Triglycer-
ides[Mesh]; Triacylglycerol; Triacylglycerols; Metabolic Equivalent; Metabolic Equivalents; RPE;

S (study design) [randomized controlled trial; randomized; placebo

2.2 Inclusion and Exclusion Criteria

Eligible studies met the following criteria: (1) randomized controlled trials (RCTs); (2) participants cat-
egorized as adolescents, middle-aged, or older adults; (3) interventions involving common exercise modali-
ties; and (4) outcome measures including at least one of the following: triglyceride (TG), total cholesterol
(TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), resting heart rate, vital capacity (VC),
systolic blood pressure (SBP), diastolic blood pressure (DBP), rating of perceived exertion (RPE), body
weight, or body mass index (BMI). Studies were excluded if they were duplicate publications, literature re-
views, letters to the editor, conference abstracts, or animal model research. Additionally, articles lacking full-
text availability or original data were excluded.

2.3 Data Extraction

Two independent researchers extracted all data and compiled the results. Discrepancies were resolved
through consultation with a third reviewer. Extracted data included: (1) primary author and publication year;
(2) baseline characteristics (age and sample size of experimental and control groups); (3) exercise parameters
(type, frequency, duration, and intensity); and (4) reported outcomes. The risk of bias in included studies was
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assessed using the Cochrane Risk of Bias Tool, which evaluates seven domains: (1) random sequence gener-
ation, (2) allocation concealment, (3) blinding of participants and personnel, (4) blinding of outcome assess-
ment, (5) incomplete outcome data, (6) selective reporting, and (7) other potential biases.

2.4 Data Analysis

Quantitative synthesis and subgroup analyses were performed using Review Manager software (version
5.4). Effect sizes were pooled using a random-effects model. Heterogeneity among studies was assessed us-
ing the I? statistic and Cochran’s Q test, with 1> > 50 % or a Q test P-value < 0.10 indicating significant het-
erogeneity. Publication bias was evaluated via funnel plot inspection. Sensitivity analyses were conducted by
excluding trials with a high risk of bias to test the robustness of the pooled results.

Results and Discussion

2 Results

2.1 Search Results

A total of 4,846 potentially eligible articles were initially identified through database searches. After a
systematic screening process—including removal of duplicates, title/abstract screening, and full-text assess-
ment—42 studies met the predefined inclusion criteria and were included in the final analysis.

4846 of record identified through database searching Pubmed=327 web of
science=158- Embase=309,Cochrane=2558 Wanfang Data=11,CNKI=50,VIP=11,
0 of additional records identified through other sources

h J

1227 of records after duplicates removed

Y

3619 records

313 of reviews or amumal experiment

h

Y

3306 recoeds

3157 of records excluded, with reason:

v

mterventions are inconsistent(697) The
Y

149 full-text studies

reviewed for mnclusion

research 1s inconsistent(2026), The subject 1s

consistent(430),Conference paper(4)

107 of full-text studies excluded, with

h 4

r -
A reason: Different outcome

42 of studies meluded m indicators(94) Full text cannot be found(13)
qualitative synthesis

¥

42 of studies included in
qualitative synthesis(meta-

analysis)

Figure 1. Flowchart of Literature Selection
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2.2 Basic Characteristics of Included Literature
The basic characteristics of the included literature are shown in Table 2. The quality evaluation is pre-

sented in Figure 2.

Table 2
Basic Characteristics of Included Literature
Study Sample Size |Gender Age Mode Intensity Inflammatory outcome
Guaxia Hu 2014 [3] 230 Male/Female 53~70 Baduanjin 100beats/min LC, SBP, DBP
A RCOOPER 2000 [4] 176 Male/Female 46-49 walk 4~5mets SBP, DBP, Body weight
Abdelbasset WK 2020 [5] |31 Male/Female 54.9+4.7 bicycle 50~70 %HRmax TG, TC, LDL-C, HDL-C
Asikainen, T.M 2003 [6] |385 Female 55 (3.7) walk 45 %V02max TC/LDL-C/HDL-C/Glucose/SBP/DBP
Baker, T.T 1986 [7] 34 Male 58.2 running 65 %~85 %HRmax TC, LDL-C, HDL-C, Body weight
Buttelli 2021 [8] 61 Male 60-75 Pilates 1.5~2met TG, TC, LDL-C, HDL-C, Glucose
F.M. Finucane 2010 [9] 100 Male/Female 67.4-76.3 Bicycle 50~70 %HRmax HDL-C, Glucose, SBP, DBP, Body weight
Fulin Lu 2018 [10] 9% Female 572+10.1.  |Dance SZ::: :::::117600'_35; (;660(?5;;) TG, TC, LDL-C, HDL-C, Glucose, RHR, SBP, DBP, WHR, BMI
Haiping Zhang 2016 [11] (40 Female 62.85 £1.66 walk 50 %~60 %VO2max TG, TC, LDL-C, HDL-C, LC, VO2max
Hanxiao Zhu 2009 [12] 135 Male 61-65 walk 30 %~45 %F.C LC, RHR, SBP, DBP, Body weight, BMI
JE Donnelly 2000 [13] 11 Female 45-60 walk 60~75 %HRmax TC, HDL-C, Glucose, RHR, SBP, DBP
Koh, Y 2018 [14] 27 Male/Female 18-65 running 70 %HRmax TG, TC, LDL-C, HDL-C, Body weight
Krustrup P 2013 [15] 66 Male 31~54 Soccer 85 % + 7 %HRmax LDL-C, HDL-C, Glucose, RHR
Krustrup, P 2009 [16] 47 Male 20-43 running/Soccer 82 %HRmMax TC, LDL-C, HDL-C, RHR, SBP, DBP, Body weight
Kuo, M. C. 2018 [17] 36 Male/Female >65 walk 13~15 RPE WHR
Lee SH 2019 [18] 20 Female 70+ 4 taekwondo 30~60 %HRR RHR, SBP, DBP, Body weight
LI He 2018 [19] 88 Male/Female 58+2 walk 45~50 %HRmax RHR, SBP, DBP, Body weight
Lian, X. Q 2014 [20] 330 Male/Female 40~78 walk 3~6METs TG, TC, LDL-C, HDL-C
Lorenzo A 2008 [21] 288 Male/Female 63.5¢1 Dance/Yoga 70 %HRmax TG, TC, Glucose
Mao, H. N 2006 [22] 62 Male/Female 45~72 Tai Chi 50~60 %VO2max SBP, DBP
Marti, B 1990 [23] 61 Male 38.8+8.9 running 85 %HRmMax TG, TC, LDL-C, HDL-C, RHR, WHR
Mazurek, Krzystof 2014 [24] [ 64 Male/Female 19.5+0.6 bicycle 65 %~75 % HRmax TG, TC, LDL-C, HDL-C, WHR
Miao Sun 2018 [25] 60 Female 5570 Dance 110~130beats/min Ivgg ES\A/_SET%GPL-C' Glucose, LC, RHR, SBP, DBP, Body
Min Jeong 2018 [26] 18 Male/Female  |20.8+1.9 !{Z:Z Climbthe | 5060 ggHRmax RHR/SBP/DBP/ Body weight
Miyaki A 2012 [27] 22 Female 52~77 walk/bicycle 60~75 %HRmax TG, TC, LDL-C, HDL-C, RHR, SBP, DBP, Body weight
Papp 2016 [28] 44 Male/Female 20~37 Yoga RPE 14~17 RHR, SBP, DBP, Body weight, WHR
Philippe 2018 [29] 115 Female 44115 Walk 4~10 RPE SBP, DBP, Body weight
Rodrigues-Krause 2018 [30] |30 Female 60~70 Dance 60 % VO2peak TG, TC, LDL-C, HDL-C, Glucose, Body weight
Shanwei Xue 2013 [31] |40 Male/Female 66.96+13.2 Baduanjin 170-age (>60age); 180-age (<60age) LC,RHR
Songtao Wang 2005 [32] |99 Male 61-65 Walk 30 %~ 45 %F.C TG, TC, LDL-C, HDL-C, Body weight, BMI
Tanaka 1997 [33] 18 Male/Female 44~50 Swimming 60 %HRmMax RHR, SBP, DBP
Tsung-Lin 2019 [34] 41 Male/Female 19.72+0.8 Walk RPE 8 TG, HDL-C, RHR, SBP, DBP, Body weight
Vasconcellos 2016 [35] 30 Male/Female 12.8~15.4 Soccer 80.4 %~88.6 %HRmMax TG, TC, LDL-C, HDL-C, SBP, DBP, Body weight
Vasconcellos 2021 [36] 13 Male/Female 12.3~155 Soccer 84.5 %HRmax TG, HDL-C, Glucose, SBP, DBP, Body weight
Woolf-May 1999 [37] 237 Male/Female 40-66 Walk 68.6 %~78.2 %HRmax TC, LDL-C, HDL-C
Woolf-May 2000 [38] 97 Male/Female 40-69 Walk 75 %~80 %HRmax TC, LDL-C, HDL-C
Xiao-Ling 2019 [39] 198 Male/Female 45.5~58.4 Tai Chi 70 %~80 %HRmax TG, TC, LDL-C, HDL-C, SBP, DBP
Xiaoxia Li 2012 [40] 92 Male/Female 50~65 Walk 40 %~65 %F.C. TG, TC, LDL-C, HDL-C
Xiaoying Han 2010 [41] [236 Male/Female 45~75 Tai Chi 70%~80%HRmax SBP, DBP
Xijun Xiao 2005 [42] 120 Male/Female >40 Running 40 %~50 %HRR TG, TC, HDL-C, SBP, DBP, Body weight, WHR, BMI
Yaping Bai 2019 [43] 133 Male/Female 45-75 Dance 60 %~80 %HRmMax TG, TC, LDL-C, HDL-C, SBP, DBP, BMI
zhang 2008 [44] 20 Female 51.2-63.6 Tai Chi 62 %~72.2 %HRmax TG, TC, LDL-C, HDL-C, Glucose
LC : fifii& &, RHR, WHR : waist hip rate
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Figure 2. Quality Evaluation Chart

2.3 Dose-Response Relationship of Exercise Intensity

2.3.1 Classification of Exercise Modalities by Intensity

The exercise interventions from the included studies were categorized into three intensity levels based
on the American College of Sports Medicine (ACSM) guidelines [45] (Table 3).

Table 3
Classification of Exercise Modalities by Intensity
Intensity Exercise Modalities
Low Casual walking, Stair climbing, Pilates
Moderate Walk, Ba duan jin, Jogging, Dance, Tai Chi, Swimming, Bicycle, Dance, Yoga, Taekwondo
High Power walking, Running, Soccer, Yoga

2.3.2 Physiological Effects of Different Exercise Intensities

The physiological benefits of different exercise intensities are shown in Figure 3. Low-intensity exer-
cise improved HDL-C (d=0.06, 95 %CI: 0.02-0.10; P<0.05), resting heart rate (d=-2.98, 95 %ClI: -4.77 to -
1.19; P<0.05), and diastolic blood pressure (d=-2.93, 95 %CI: -5.50 to -0.36; P<0.05). Moderate-intensity
exercise improved TG (d=-0.21, 95 %Cl: -3.5 to -0.07; P<0.05), TC (d=-0.32, 95 %Cl: -0.52 to -0.12;
P<0.05), HDL-C (d=0.09, 95 %CI: -0.02 to -0.15; P<0.05), resting heart rate (d=-4.22, 95 %ClI: -5.56 to -
2.88; P<0.05), systolic blood pressure (d=-4.92, 95 %ClI: -8.59 to -1.24; P<0.05), diastolic blood pressure
(d=-3.51, 95 %CI: -5.33 to -1.68; P<0.05), body weight (d=-2.46, 95 %CI: -3.79 to -1.16; P<0.05), and vital
capacity (d=271.03, 95 %Cl: 119.35-422.71; P<0.05). High-intensity exercise improved blood glucose
(d=-0.18, 95 %ClI: -0.27 to -0.08; P<0.05), SBP (d=-3.21, 95 %Cl: -6.07 to -0.34; P<0.05), and DBP (d=-
2.58, 95 %Cl: -4.31 to -0.85; P<0.05).
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Characteristics N MD(95%Cl) P

Low Intensity

TG 182 -0.07(-0.29,0.15) 0.54 *
TC 280 0.08(-0.15,0.31) 0.5 .
LDL=C 280 0.05(=0.09,0.2) 0.72 .
HDL-C 280 0.06(0.02,0.1) 0.005

Bleod Glucose 164 0.03(-0.07,0.13) 0.52 t
Resting Heart Rate 96 —2.98(-4.77,-1.19) 0.001

SBP 346 -1.05(-3.91,1.81) 0.47

DepP 346 -2.57(-4.4,-0.74) 0.006
Weight 255 =0.76(-4.1,2.58) 0.65 -
Vital Capacity 60 147.5(=123.04,418.04) 0.29
Moderate Intensity

TG 1182 -0.21(-0.35,-0.07) 0.003 b
TC 1525 -0.32(-0.52,-0.12) 0.002 .
LDL-C 1024 =0.07(-0.26,0.13) 0.49 |
HDL-C 1141 0.09(0.02,0.15) 0.01 F
Blood Glucose 718 =0.7(=1.53,0.13) 0.1 -
Vital Capacity 279 271.03(119.35,422.71) 0.0005
Resting Heart Rate 3n —4.22(-5.56,-2.88) <0.00001

SBP 995 —4.92(-8.59,-1.24) 0.009

DBP 1133 —3.51(-5.33,-1.68) 0.0002
Weight 510 —2.46(-3.79,-1.16) 0.0002

High Intensity

TG 94 —0.33(-0.75,0.09) 0.12 .
TC 423 —0.07(-0.31,0.18) 0.58 '
LDOL-C 485 0.05(-0.46,0.55) 0.86 -
HDL-C 548 0.03(-0.11,0.18) 0.67 .
Blood Glucose 256 —0.18(-0.27,-0.08) 0.0001 -
Resting Heart Rate 218 —3.23(—6.88,0.43) 0.08
SBP 297 =3.21(=6.07 =0.34) 0.03
DBP 297 —2.58(-4.31,-0.85) 0.004
Weight 132 -2.16(—6.74,2.42) 0.35

Figure 3. Forest Plot of Physiological Effects by Exercise Intensity

2.4 Dose-Response Relationships of Different Exercise Types
2.4.1 Exercise Modalities Under Different Exercise Types
The specific exercise modalities corresponding to different exercise types are presented in Table 4 below.

Table 4
Exercise Types and Corresponding Modalities
Exercise Type Exercise Modalities
Tradlt_lonal Chinese Tai Chi, Ba Duan Jin
Exercises
Ponular Exercises Casual walking, Stair climbing, Pilateswalk, Jogging, Dance, Swimming, Bicycle,
P Dance, Yoga, TaekwondoPower walking, Running, Soccer, Yoga
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2.4.2 Dose-Response Relationships of Different Exercise Types

As shown in Figure 4, traditional Chinese exercises significantly improved HDL-C (d=0.19, 95 %Cl:
0.10-0.29, P<0.05), blood glucose (d=-1.49, 95 %Cl: -2.83 to -0.15, P<0.05), vital capacity (d=285.09,
95 %Cl: 84.05-486.13, P<0.05), systolic blood pressure (d=-9.96, 95 %CI: -15.85 to -4.08, P<0.05), and di-
astolic blood pressure (d=-5.68, 95 %Cl: -7.22 to -4.13, P<0.05). Common exercises demonstrated benefits
in improving TG (d=-0.18, 95 %CI: -0.27 to -0.09, P<0.05), TC (d=-0.18, 95 %ClI: -0.34 to -0.01, P<0.05),
HDL-C (d=0.08, 95 %Cl: 0.01-0.15, P<0.05), vital capacity (d=223.62, 95 %ClI: 40.97-406.28, P<0.05),
resting heart rate (d=-3.51, 95 %Cl: -4.92 to -2.10, P<0.05), systolic blood pressure (d=-4.90, 95 %ClI: -7.05
to -2.75, P<0.05), diastolic blood pressure (d=-2.96, 95 %ClI: -4.53 to -1.40, P<0.05), body weight (d=-2.04,
95 %Cl: -3.36 to -0.72, P<0.05), and BMI (d=-0.74, 95 %Cl: -1.33 to -0.15, P<0.05).

Characteristics N MD(95%Cl)

Traditional Chinese Exercises

TG 217 -0.50 [-1.14, 0.14] 0.130
TC 217 -0.36 [-0.73, 0.01] 0.060
LDL-C 217 -0.38[-0.98, 0.23] 0.220
HDL-C 217 0.19[0.10, 0.29] 0.000
Blood Glucose 19 -1.49 [-2.83, -0.15] 0.030
Vital Capacity 149 285.09 [84.05, 486.13] 0.000
Resting Heart Rate 40 -2.09 [-7.67, 3.49] 0.460
SBP 487 -9.96 [-15.85, -4.08] 0.000
DBP 487 -5.68 [-7.22, -4.13] 0.000
Popular Exercises

TG 1261 -0.18 [-0.27, -0.09] 0.003
TC 1878 -0.18 [-0.34, -0.01] 0.030
LDL-C 1572 0.02 [-0.15, 0.19] 0.800
HDL-C 1726 0.08 [0.01, 0.15] 0.020
Blood Glucose 1099 -0.40[-0.97,0.17] 0.170
Vital Capacity 190 223.62 [40.97, 406.28] 0.020
Resting Heart Rate 665 -3.51[-4.92, -2.10] 0.000
SBP 894 -4.90 [-7.05, -2.75] 0.000
DBP 894 -2.96 [-4.53, -1.40] 0.000
Weight 947 -2.04 [-3.36, -0.72] 0.000
WHR 421 -0.03 [-0.06, 0.01] 0.110
BMI 420 -0.74 [-1.33, -0.15] 0.010

Figure 4. Forest Plot of Physiological Effects by Exercise Type

4 Discussion

4.1 Dose-Response Relationship of Exercise Intensity

The present study demonstrates that body weight improvement was observed only with moderate-
intensity exercise, while no significant effects were found for low- or high-intensity interventions. Previous
research has established a dose-response relationship between aerobic exercise volume and visceral fat re-
duction, with a minimum requirement of 10 METs-h/week for significant visceral fat loss [46-48]. The
American College of Sports Medicine (ACSM) recommends moderate-intensity physical activity for at least
150 minutes/week for overweight/obese individuals to achieve weight or body fat reduction, supporting
moderate intensity as the optimal exercise intensity for body weight management.

Regarding lipid metabolism, our findings show that low-intensity exercise improved HDL-C levels,
moderate-intensity exercise benefited TG, TC, and HDL-C, while high-intensity exercise showed no signifi-
cant lipid-modifying effects. The HDL-C improvement with low-intensity exercise may be mediated through
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enhanced insulin sensitivity and reduced body fat content [49]. Sunami et al. [50] reported significant HDL-
C elevation following 5 months of moderate-intensity cycling training. Ye Guohong et al. [51] proposed that
prolonged moderate-intensity endurance exercise reduces plasma TG levels by increasing lipoprotein lipase
activity, promoting fatty acid utilization in skeletal muscle and hepatic TG export. Moderate-intensity exer-
cise may also improve TC levels by enhancing cholesterol ester transfer protein (CETP) activity, which facil-
itates cholesterol exchange between HDL-C and LDL-C [52]. Collectively, the lipid-lowering effects of ex-
ercise appear to diminish with increasing intensity, with small-to-moderate intensity aerobic exercise demon-
strating superior lipid-modulating effects compared to high-intensity exercise [32].

High-intensity exercise significantly reduced blood glucose levels, likely through improved insulin sen-
sitivity in muscle cells and accelerated glycogen synthesis in muscle and liver tissues [53]. Blood pressure
improvements were observed across all three intensity levels, consistent with aerobic exercise’s established
benefits for vascular function, arterial stiffness reduction in hypertensive patients [54, 55], and decreased risk
of acute cardiovascular events [56].

Both low- and moderate-intensity exercises reduced resting heart rate, potentially through enhanced
parasympathetic nervous system activity [57]. Moderate-intensity exercise uniquely improved vital capacity,
attributable to increased tidal volume during exercise and long-term adaptations in respiratory muscle func-
tion and lung-thorax elasticity [58].

4.2 Dose-Response Relationship of Different Exercise Modalities

Traditional Chinese exercises (e.g., Tai Chi, Baduanjin) emphasize fluid and continuous movements
with mind-body integration, focusing on breath-movement coordination and mental concentration [59]. The-
se exercises typically feature slow tempo and gentle motions but require high neuromuscular control [60]. In
contrast, conventional exercises (e.g., running, swimming) prioritize cardiorespiratory endurance and muscu-
lar strength through higher-intensity movements with greater physical demands [61].

Regarding antioxidant and anti-inflammatory effects, traditional Chinese exercises reduce oxidative
stress and inflammation through slow, rhythmic movements combined with deep breathing, potentially im-
proving HDL-C and blood glucose levels more effectively [62]. Conventional exercises also exhibit antioxi-
dant properties (e.g., running and swimming can increase HDL-C), though high-intensity exercise may tran-
siently elevate oxidative stress [63].

For neuromodulation and cardiovascular health, traditional Chinese exercises improve vascular endo-
thelial function by balancing the autonomic nervous system (reducing sympathetic activity while enhancing
parasympathetic tone), thereby lowering blood pressure and improving cardiovascular outcomes [64]. Con-
ventional exercises enhance cardiac function and vascular elasticity to improve blood pressure and cardio-
vascular health, though acute sympathetic activation may attenuate blood pressure reduction [65].

In terms of energy metabolism and body weight management, traditional Chinese exercises (with lower
intensity) show limited direct effects on body weight and BMI [66], whereas conventional exercises effec-
tively manage body weight and BMI through higher energy expenditure [67].

Conclusions

5.1 Low-intensity exercises include regular walking, stair climbing, and Pilates; Moderate-intensity ex-
ercises include brisk walking, Baduanjin, jogging, square dancing, Tai Chi, swimming, cycling, and dance;
High-intensity exercises include power walking, running, soccer, and yoga.

5.2 Low-intensity exercise can improve HDL-C, resting heart rate, and diastolic blood pressure; moder-
ate-intensity exercise can improve TG, TC, HDL-C, resting heart rate, systolic blood pressure, diastolic
blood pressure, body weight, and vital capacity; high-intensity exercise can improve blood glucose, systolic
blood pressure, and diastolic blood pressure.

5.3 Traditional Chinese exercises can improve HDL-C, vital capacity, blood glucose, systolic blood
pressure, and diastolic blood pressure. Common exercises can improve TG, TC, HDL-C, vital capacity, rest-
ing heart rate, systolic blood pressure, diastolic blood pressure, body weight, and BMI.
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