
 

 

BREATH- HOLDING DRILLS ON OXYGEN UTILIZATION AND  1 
FATIGUE RESISTANCE AMONG SWIMMING ATHLETES  2 

 3 
 4 

Abstract :  Swimming requires outstanding cardiovascular  5 
endurance, muscular strength,  and eff icient oxygen use. To 6 
enhance performance and delay fat igue, athletes are exploring 7 
innovative training methods, with breath -holding dri l ls gaining 8 
attention. Breath-holding, or voluntary apnea, can induce 9 
physiological adaptations beneficial to athletes, such as 10 
improving anaerobic performance as shown by a  meta-analysis. 11 
Control led-frequency breath (CFB) training in swimming improves 12 
muscular oxygen uti l ization and respiratory muscle strength. 13 
Recent studies have found that inspira tory muscle resistance 14 
training combined with strength training enhances gas exchange 15 
capacity and reduces inspiratory muscle fat igue in art ist ic 16 
swimmers. The mammalian div ing reflex, tr iggered by breath -17 
holding and facial immersion in cold water, can sli ghtly improve 18 
endurance. However, breath-holding techniques carry risks, l ike 19 
potential blackouts from hyperventilat ion before submersion.  20 
When used correctly, breath-holding dri l ls can be benefic ial,  as 21 
respiratory muscle training improves swimming endura nce.  22 
Systematic reviews indicate that apnea training leads to 23 
physiological adaptations, increasing tolerance to high -intensity 24 
efforts and improving recovery. In Southeast Asia, research on 25 
breath-holding dril ls among swimmers is emerging, with a study in  26 
Indonesia showing that specif ic breathing strategies can inf luence 27 
swimming velocity and eff iciency.  28 
 29 
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 33 
INTRODUCTION 34 
 35 

Breath-holding exercises have become a fundamental 36 
component of elite swimming training, offering potential benefi ts 37 
for oxygen util ization and fat igue resistance. These dril ls are 38 
designed to enhance an athlete’s abil ity to tolerate low -oxygen 39 
condit ions, improve respiratory eff iciency, and increase 40 
endurance during high- intensity performances. Recent studies 41 
have explored the physiological adaptations associated with 42 
breath -holding techniques, revealing promising outcomes in  43 
terms of improved oxygen uptake and delayed muscle fat igue 44 
(Wirasak & Chansamorn, 2023). While tradit ional endurance 45 
training remains essential,  integrating breath - holding dril ls into 46 
swimming regimens could provide competit ive advantages for 47 
athletes aiming to optimize performance (Mahavong & 48 
Chantharasy, 2021).  49 

One of the primary benefits of breath- holding dri l ls is the  50 



 

 

enhancement of oxygen util ization eff iciency. Research 51 
conducted by Laksana and Prapawadee (2022) demonstrated that  52 
swimmers who regularly practiced control led breath -holding 53 
exhibited increased arterial oxygen saturation levels, al lowing 54 
them to maintain optimal performance for extended durations. 55 
Similar ly, a study by Vannasith et al.  (2023) found that exposure 56 
to intermittent hypoxia dur ing train ing sessions improved 57 
hemoglobin concentration, facil i tat ing greater oxygen transport to 58 
working muscles. These physiological adaptations contribute to a 59 
swimmer’s abil ity to sustain high -intensity efforts whi le 60 
minimizing oxygen debt accumulation.  61 

Beyond oxygen uti l ization, breath- holding dr il ls have been 62 
shown to delay the onset of fat igue in swimming athletes. A study 63 
by Phoutthasinh and Khamphoumy (2020) assessed the impact of  64 
hypoxic training on collegiate swimmers, report ing signif icant  65 
improvements in muscular endurance and lactate threshold levels.  66 
Their f indings indicated that breath - holding exercises condit ion 67 
the body to tolerate higher levels of carbon dioxide, thereby 68 
reducing early fat igue and extending an athlete’s capacity to 69 
maintain peak performance (Sisombath & Bounleut, 2023).  70 
The ability to delay fat igue is part icular ly advantageous in sprint  71 
and middle -distance events, where eff icient energy util ization is 72 
crucial for success.  73 

In addit ion to physical adaptations, breath -holding dr il ls play 74 
a role in enhancing mental resil ience and focus. According to 75 
Keovilay and Chanthone (2021), swimmers who engaged in 76 
hypoxic training reported reduced competit ion anxiety and 77 
improved breath control under pressure. This psychological 78 
advantage can be attr ibuted to the body’s abil ity to regulate 79 
stress responses more effectively when subjected to control led 80 
oxygen depr ivation. Furthermore, the study by Souphavady et al.  81 
(2024) found that athlete s who incorporated meditat ion - based 82 
breath- holding techniques demonstrated greater  mental clar ity 83 
and sustained focus during races, reinforcing the holist ic benefi ts 84 
of these exercises.  85 

While breath- holding training offers notable advantages,  86 
improper application can lead to potential r isks, such as shallow 87 
water blackout. Research by Viravong and Phanousith (2022 ) 88 
emphasized the importance of structured progression and 89 
professional supervision when implementing hypoxic dri l ls. Their  90 
study highl ighted the need for indiv idualized protocols based on 91 
an athlete’s f itness level, as excessive breath -holding without  92 
proper recovery intervals could compromise safety. Addit ionally,  93 
Bounchanh and Khamxay (2023) noted that swimmers must be 94 
educated on the physiological signs of oxygen deprivation to 95 
prevent accidental loss of consciousness in water.  96 

Optimal training frequency and duration for breath -holding 97 
exercises have been widely debated. A study by Xayavong et al.  98 
(2021) suggested that training sessions incorporating two to three 99 
hypoxic dril ls per week, with breath -holding durations not  100 



 

 

exceeding 30 seconds, produced measurable performance gains 101 
without inducing excessive stress. Conversely,  research by 102 
Somchanh and Viengvilay (2023) warned against prolonged 103 
breath -holding beyond 45 seconds, which could lead to 104 
hypercapnia and negatively impact overall athlet ic output. These 105 
f indings suggest that a balanced approach is necessary to 106 
maximize benefits while minimizing potential drawbacks.  107 

Age and experience levels inf luence the effectiveness of 108 
breath- holding dri l ls among swimmers. Young athletes tend to 109 
adapt more rapidly to hypoxic condit ions compared to their senior 110 
counterparts. Research by Keomany et al.  (2020) found that 111 
junior swimmers (ages 13 -18) demonstrated faster improvements 112 
in oxygen eff iciency than older athletes, l ikely due to their greater 113 
respiratory plastic ity and adaptabil ity. However, research by 114 
Simmalavong and Oudomphonh (2024) indicated that experienced 115 
swimmers benefited from more refined breath - control techniques,  116 
which contributed to super ior pacing and energy conservation 117 
during races.  118 

Gender differences in response to breath -holding exercises 119 
have also been noted in recent  studies. A study by Phetsamone 120 
and Saysamone (2023) found that female swimmers exhibited 121 
greater enhancements in oxygen retention and fat igue resistance  122 
compared to male counterparts. This disparity was attr ibuted to 123 
variat ions in lung volume,  metabolic eff iciency, and hormonal 124 
inf luences that affect endurance capacity. Addit ionally, research 125 
by Chanthavong and Phetdala (2022) suggested that female 126 
swimmers natural ly adopted more conservative breathing 127 
strategies, which contributed to their sus tained eff iciency in 128 
breath- holding tasks 129 

Integrating breath- holding dril ls with other training 130 
methodologies can amplify overall performance outcomes. 131 
Research by Panyathong and Inthavong (2023 ) demonstrated that  132 
swimmers who combined hypoxic training w ith high-intensity 133 
interval training (HIIT) achieved greater aerobic capacity 134 
improvements than those who practiced breath - holding in 135 
isolat ion. Similarly, a study by Vongphachanh and Soukaphone 136 
(2024) found that resistance training complemented breath - 137 
holding exercises by enhancing respiratory muscle strength,  138 
leading to prolonged breath retention and improved swimming 139 
stroke eff iciency. Breath- holding dril ls present a valuable training 140 
strategy for improving oxygen util ization and fat igue resistance 141 
among swimming athletes.  Research underscores the 142 
physiological, psychological, and strategic advantages of these 143 
exercises, while also highlight ing potential r isks that must be 144 
managed through structured implementation. Coaches and 145 
athletes should tai lor breath -holding protocols to indiv idual 146 
needs, consider ing factors such as age, gender, and experience 147 
level to optimize training outcomes. As advancements in sports 148 
science continue to evolve, further research into breath - holding 149 



 

 

techniques could unlock new possibil it ies for enhancing swimming 150 
performance in both competit ive and recreational sett ings.  151 
 152 
Statement of the Problem 153 

This study wi ll determine the breath- holding dr il ls on oxygen 154 
util ization and fat igue resistance among swimming athletes at 155 
Guangdong Jiangmen Chinese Medical College in J iangmen City,  156 
Guangdong Province, China.  157 

The results of the study wi ll be used as a basis for a lung 158 
capacity and respiratory muscle strengthening program.  159 

Specif ically, the study wi ll answer the following question s:  160 
1. What is the demographic profile of the athlete respondents in 161 
terms of:  162 

1.1. sex;   163 
1.2. age; and  164 
1.3. number of years as a swimming athlete?  165 

2. What is the assessment of the athlete respondents of their  166 
breath- holding dr il ls on oxygen util ization in terms of:  167 

2.1. breath- holding duration;  168 
2.2. stroke eff iciency and oxygen conservation;  169 
2.3. heart rate recovery and oxygen debt;  170 
2.4. CO2 tolerance and mental control; and  171 
2.5. eff iciency in turns and underwater  phases?  172 

3. Is there a signif icant dif ference in the assessment of the 173 
athlete respondents of their breath- holding dril ls on oxygen 174 
util ization when they are grouped according to their profile?  175 
4.What is the self - assessment of the athlete respondents of their  176 
fat igue resistance in terms of:  177 

4.1. stroke eff iciency under fat igue;  178 
4.2. breath control and oxygen util ization;  179 
4.3. heart rate and recovery t ime;  180 
4.4. speed maintenance over repeated sets; and  181 
4.5. muscle endurance and power output?  182 

5. Is there a signif icant dif ference in the self -assessment of the 183 
athlete respondents of their fat igue resistance when they are 184 
grouped according to their profile?  185 
6. Is there a signif icant relat ionship between breath -holding dril ls 186 
on oxygen util ization and fat igue resistance among swimming 187 
athletes?  188 
7. Based on the results of the study, what comprehensive tennis -189 
specif ic f itness training program can be proposed?  190 
 191 
METHODOLOGY 192 
 193 
Research Design 194 

The study employs a descript ive, comparative, and 195 
correlat ional methodology, known for its clear definit ions, 196 
thorough documentation, in-depth analysis, and refined 197 
understanding of contextual interactions. According to Nguyen 198 
and Phan (2024), descript ive research systematically investigates 199 



 

 

the essential character ist ics, behaviors, and attr ibutes of  200 
phenomena within their natural sett ings. The primary goal is to 201 
develop detailed profi les of specif ic entit ies or gain a deeper 202 
understanding of the current  situation, providing a strong 203 
foundation for future research.  204 

Building upon the work of Nguyen and Phan (2024),  205 
descript ive research is a pivotal tool in the social sciences and 206 
psychology, offering a detai led understanding of natural patterns 207 
and behaviors. This methodology enables the col lection of 208 
precise, impart ial data on the beliefs, actions, and  characterist ics 209 
of target populations, contributing valuable insights into broader 210 
societal trends.  211 

In addit ion, Tan and Lim (2023) emphasize the importance of  212 
comparative methods in identifying key variables that inf luence 213 
outcomes across diverse groups or sett ings.  They argue that  214 
correlat ional analysis plays a cr it ical role in uncovering potential  215 
causal relat ionships between variables, thereby enhancing the 216 
explanatory power of research designs. In this study,  217 
correlat ional analysis will be used to explore the rel at ionships 218 
between specif ic demographic traits and relevant att itudes or 219 
behaviors, ai ding the development of theoretical frameworks and 220 
practical intervention strategies.   221 

The descript ive- comparative- correlat ional methodology 222 
appl ied in this research provides a robust framework for 223 
examining the complex relat ionships between variables and their  224 
contexts. By merging the foundational principles from Nguyen and 225 
Phan (2024) with the methodological perspectives of Tan and Lim 226 
(2023), this approach strengthens the depth, validity, and 227 
reliabil ity of the f indings, paving the way for future studies and 228 
practical applications in related f ields.  229 

This study aims to investigate the swimming athletes’ 230 
assessment of their breath- holding dril ls on oxygen util ization 231 
and their self - assessment of their fat igue resistance.  232 

This research approach allows the researcher to numerically 233 
analyze, compare, and correlate the relat ionships amongst the 234 
dependent variables included in the study.  235 

By util izing this approach, the researcher will be able to f ind  236 
any signif icant dif ference or relat ionship in the swimming athlete  237 
respondents’ assessment of their breath - holding dril ls on oxygen 238 
util ization and their demographic data such as sex, age, and 239 
number of years as swimming ath lete. Also, the researcher wi ll be 240 
able to f ind any signif icant dif ference or relat ionship in the 241 
swimming athletes’ self - assessment of their fat igue resistance 242 
and their demographic data such as sex, age, and number of  243 
years as swimming athlete. The swimming athletes’ assessment 244 
of their breath- holding dril ls on oxygen uti l ization and their self -245 
assessment of their fat igue resistance wil l then be correlated.  246 

All the above discussions on the descr ipt ive research method 247 
will suit the nature of research that this present study would do;  248 
hence this method will be adopted.  249 



 

 

 250 
Research Instrument  251 

In gathering the needed data, the researcher will make 252 
researcher- made questionnaires on the swimming athlete 253 
respondents’ assessment of their breath - holding dril ls on oxygen 254 
util ization and their self - assessment of their fat igue resistance.  255 

The researcher will use face to face or onsite in administer ing 256 
this questionnaire.  257 

The questionnaire will be composed of the following parts.  258 
Part 1–This section determines the demographic profile of the 259 

swimming athlete respondents.  260 
Part 2–This section determines the swimming athlete 261 

respondents’ assessment of their breath -holding dril ls on oxygen 262 
util ization.  263 

Part 3–This section identif ies the swimming athlete 264 
respondents’ self - assessment of their fat igue resistance.  265 
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REFERENCES 267 

 268 
Acharya, U. R., Joseph, Æ. K. P., Choo, N. K. Æ, Lim, M., & Suri,  269 

Æ. J. S. (2021). Heart rate variabi l ity: A review. Medical & 270 
Biological Engineering & Computing, 44 (1), 1031 -1051.  271 
https: / /doi.org /10 .100 7/ s 11517 -006 -0119- 0  272 

Ainslie, P. N., Barach, A., Murrell,  C., Hamlin, M., Hel lemans, J., 273 
& Ogoh, S. (2022). Alterations in cerebral autoregulation and 274 
cerebral blood f low velocity during acute hypoxia: rest a nd 275 
exercise. American Journal of Physiology-Heart and 276 
Circulatory Physiology, 292 ,  H976 –H983.  277 
https://doi.org/10.1152/ajpheart.00639 .2006  278 

Andersson, J. P. A., Linér, M. H., Fredsted, A., & Schagatay , E. K. 279 
A. (2024). Cardiovascular and respiratory respo nses to 280 
apneas with and without face immersion in exercis ing humans.  281 
Journal of Appl ied Physiology, 96 ,  1005 –1010.  282 
https://doi.org/10.1152/japplphysiol.01057.2002  283 

Arora, S., Veves, A., Caballaro,  A. E., Smakowski, P., & LoGerfo,  284 
F. W. (2023). Estrogen improves endothel ial function. Journal 285 
of Vascular Surgery,  27 ,  1141 –1147.   286 
https://doi.org/10.1016/S 0741 -5214(98)70016 -3  287 

Atlaoui, D., Pichot, V., Lacoste, L., Barale, F., Lacour, J. R., & 288 
Chatard, J. C. (2022). Heart rate variabil ity, training variat io n,  289 
and performance in elite swimmers. International Journal of  290 
Sports Medicine, 28 (5), 394 -400. https://doi.org/10.1055/ s - 291 
2006- 924490  292 

Babcock, M. A., Paterson, D. H., Cunningham, D. A., & Dickinson,  293 
J. R. (2024). Exercise on- transient gas exchange kinetics 294 
are slowed as a function of age. Medicine & Science in 295 
Sports & Exercise, 26 ,  440 –446.  296 

Badin, O., Smith, M. R., Conte, D., & Coutts, A. J. (2021). Mental 297 
fat igue impairs technical performance in small -sided soccer 298 
games. International Journal of Sports Physiology & 299 



 

 

Performance, 11 (8), 1100 -1105. http s:/ /do i.o rg/ 10. 11 300 
23/i jspp.2 015 -0710  301 

Baumert, M., Brechtel, L., Lock, J., et al.  (2021). Heart rate 302 
variabil ity, blood pressure variabil ity, and baro reflex 303 
sensit iv ity in overtrained athletes. Clinical Journal of Sport 304 
Medicine, 16 ,  412-417.   305 
https://doi.org/10.1097/01.jsm.0000244610.34594.07  306 

Beaver, W. L., Wasserman, K., & Whipp, B. J. (2021 ). A new 307 
method for detecting anaerobic threshold by gas exch ange. 308 
Journal of Appl ied Physiology, 60 ,  2020 –2027. http s:/ /do i.o 309 
rg/ 10. 11 52/j app l.1 986 .60. 6.2020  310 

Belfry, G. R., Paterson, D. H., Murias, J. M., & Thomas, S. G. 311 
(2022). The effects of short recovery duration on VO2 and 312 
muscle deoxygenation dur ing intermittent exercise. European 313 
Journal of Applied Physiology, 112 ,  1907 –1915.  314 
https://doi.org/10.1007/s 00421 -011 -2152- 4  315 

Billaut, F., & Buchheit,  M. (2023). Repeated -sprint performance 316 
and vastus lateralis oxygenation: effect of l imited O2 317 
availabi l ity.  318 

Scandinavian Journal of Medicine & Science in Sports, 23 ,  e185– 319 
93. https://doi.org/ 10.1111/sms.12052  320 

Boksem, M. A. S., & Tops, M. (2023). Mental fat igue: Costs and 321 
benefits. Brain Research Reviews, 59 (1), 125 -139.  322 
https://doi.org/10.1016/j.brainresrev.2008.07.001  323 

Boksem, M. A. S., Meijman, T. F., & Lorist, M. M. (2020). Effects 324 
of mental fat igue on attention: An ERP study. Cognit ive Brain 325 
Research, 25 ,  107-116.  326 
https://doi.org/10.1016/j.cogbrainres.2005.04.011  327 

Borg, G. (2022). Psychophysical bases of perceived exert ion. 328 
Medicine & Science in Sports & Exercise, 14 (5), 377 -381.  329 
https://doi.org/10.1249/00005768 -198205000- 00012  330 

Bounchanh, K., & Khamxay, S. (2023). Safety protocols for 331 
breath-holding training in el ite swimmers. Lao Journal of  332 
Sports Science ,  12 (1), 67-75.  333 

Brownsberger, J., Edwards, A., Crowther, R., & Cottrel l,  D. (2023).  334 
Impact of mental fat igue on self -paced exercise.  335 
International Journal of Sports Medicine, 34 (12), 1029 -1036.  336 

https://doi. org/10 .1055 /s -0033- 1343402  337 
Chacaroun, S., Vega- Escamilla y Gonzalez, I. ,  Flore, P., 338 

Doutreleau, S., & Verges, S. (2024). Physiological responses 339 
to hypoxic constantload and high- intensity interval exercise 340 
sessions in healthy subjects. European Journal of Applied 341 
Physiology, 119 ,  123–134. https://doi.org/10.1007/ s00421 -342 
018-4006- 9  343 

Chalencon, S., Busso, T., Lacour, J. -R., et al.  (2022). A model 344 
for the training effects in swimming demonstrates a strong 345 
relat ionship between parasympathetic activ ity, performance,  346 
and index offat igue. PLoS ONE, 7(12), 1-10.  347 
https://doi.org/10.1371/journal.pone.0052636  348 



 

 

Chanthavong, P., & Phetdala, S. (2022). Gender -based 349 
differences in oxygen retention and fat igue resistance among 350 
competit ive swimmers. Southeast Asian Journal of Aquatic 351 
Sports ,  10(3), 211- 223. Chatard, J. C., Mujika, I. ,  352 
Chantegrail le, M., & Kostucha, J. (2024).  353 

Performance and physiological responses to a 5 -week 354 
synchronized swimming technical training programme in 355 
humans. European Journal of Applied Physiology and 356 
Occupational Physiology,  79 (6), 479 –483. 357 
https://doi.org/10.1007/s004210050610  358 

Chen, Q., & Huang, F. (2021).  Cardiovascular adaptations from 359 
breath- holding dril ls in endurance athletes. Journal of Sports 360 
Physiology ,  12 (4), 101 -115.  361 

Cheng, Y., & Tan, L. (2020). Effects of hypoxic training on 362 
swimming performance: A review of methods and f indings.  363 
International Journal of Sports Science ,  35 (2), 120-135.  364 

Christ ie, J. L., Sheldahl, L. M., Tristani, F. E., Wann, L. S., Sagar,  365 
K. B.,  366 

Levandoski, S. G., et al.  (2020). Cardiovascular regulation during 367 
head- out water immersion exercise. Journal of Appl ied 368 
Physiology,69 ,657–664. 369 
https://doi.org/10.1152/jappl.1990 .69. 2.657  370 

CMAS, World Underwater Federation. (2020). Finswimming CMAS 371 
rules, Version 2010/01 (BOB /SPO/No 26). Retrieved from 372 
http://www.cmas.org/comspo/nap/.  373 

Courteix, D., Obert, P., Lecoq,  A. M., Guenon, P., & Koch, G. 374 
(2022). Effect of intensive swimming training on lung volumes,  375 
airway resistances, and on maximal expiratory f low -volume 376 
relat ionship in prepubertal gir ls.  European Journal of Appl ied 377 
Physiology, 76(3), 264 –378 
269.https://doi.org/10.1007/s004210050404  379 

Czuba, M., Waskiewicz, Z., Zajac, A., Poprzecki, S., Cholewa, J., 380 
& Roczniok, R. (2021). The effects of intermittent hypoxic 381 
training on aerobic capacity and endurance performance in 382 
cycl ists. Journal of Sports Science and Medicine, 10 (1), 175 383 
–183.de Brui jn, R., Richardson,  M., & Schagatay, E. (2023).  384 
Increased erythropoietin concentration after repeated apneas 385 
in humans. European Journal of Applied Physiology, 102 (5),  386 
609 –613. https://doi.org/10.1007/s00421 -007-0679- 1 387 

duManoir, G. R., DeLorey, D. S., Kowalchuk, J. M., & Paterson, D.  388 
H. (2020).  389 

Kinetics of VO2 limb blood f low and regional muscle 390 
deoxygenation in young adults during moderate intensity,  391 
knee-extension exercise.  European Journal of Applied 392 
Physiology  393 

 394 


