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INTRODUCTION 

Training regimes of elite swimmers require systematic performance 

improvement plans and should avoid overtraining based on the princi-

ples stated in sports science. Regulation of inspiratory and expiratory 

muscles while breathing is a prerequisite for maintaining an efficient 

stroke technique while swimming. This is because the demand to con-

trol the breathing pattern in competitive swimming is greater than in 

other athletics events [1]. Swimming improves the function of inspirato-

ry muscles [2]. However, special inspiratory muscle training enhances 

not only strength [3-5], but also endurance. It is known to improve the 

athletic performance in athletes [6,7]. Swimmers performed apneas dur-

ing regular training. This strengthened both expiratory and inspiratory 

muscles and thus improved pulmonary function [8].

Apnea induces a cardiovascular adaptation called the diving response 

[9,10], which lessens the cardiac output by reducing the stroke volume 

and heart rate (HR) [11-13]. The diving response is known to be en-

hanced by various factors such as face immersion in low temperature 

and in low oxygen environments [14]. A study conducted in underwater 

athletes showed that even though the HR increased, interspersed epi-
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PURPOSE: The purpose of this study was to investigate the effects of training on improvement in pulmonary function and swimming 
performance by implementing static apnea training for 4 weeks in elite male swimmers. 

METHODS: Twenty elite swimmers were divided into two groups, the apnea training group (Apnea, n=11) and the control group (con-
trol, n=9). Each swimmer received identical swimming and ground training for 4 weeks. The apnea group performed 10 sets of breath-
holding a day additionally. In all participants, the pulmonary function tests [forced vital capacity (FVC) and forced expiratory volume 
in 1 second (FEV1)] were evaluated. The blood lactate level was also measured after each swimmer completed swimming 5 laps.

RESULTS: After 4 weeks of static apnea training, the FVC of the apnea group significantly increased (p=.008), whereas the FEV1/FVC 
ratio did not change. Breath-holding time increased significantly after apnea training (p=.001). There were no significant differences 
between the groups in the 50-m time trial records. However, the apnea group show a significant difference at the 4th (p=.013) and 5th 
trial (p=.023). The blood lactate levels after the 50-m trial was not significantly different between the groups, but the levels in the 
apnea group showed a significant increase in the results of the 2nd trial compared to those before apnea training (p=.008). 

CONCLUSIONS: The results of our study reveal that static apnea training improves pulmonary function, in contrast to a few time trials 
that show varying differences in swimming records and blood lactate levels. These results warrant a review of the training protocol to 
evaluate the effect on performance. In conclusion, static apnea training is a potential exercise that can improve performance in competi-
tive sports.
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sodes of bradycardia were observed during dynamic apnea in synchro-

nized swimmers [15] and trained breath-holding divers [16]. Bradycardic 

response or arterial oxygen desaturation was reported to be related to 

the performance of elite synchronized swimmers, divers, and swimmers 

[15,17,18].

A study carried out on trained breath-holding divers [17] showed that 

arterial oxygen desaturation occurred faster accompanied by an increase 

in lactate during dynamic dives than in static dives. Arterial oxygen de-

saturation and plasma lactate, which increase during apnea, indicate that 

they are highly dependent on the anaerobic metabolism [9,11,19,20]. Lac-

tate is considered important in short-distance swimming [21], such as 

50-m and 100-m, as they are most dependent on the anaerobic metabo-

lism for ATP re-synthesis [21-24]. This is cited in recent research papers, 

in which lactate measurement along with the performance of swimmers 

is frequently applied as a means to evaluate the achievement of training 

[21,25,26]. 

Repeated apnea training induces hypoxemia in the spleen and kidney, 

increasing hematocrit (Hct) and hemoglobin (Hb) [27,28]. A sharp de-

crease in the level of tissue oxygen during apnea stimulates erythropoie-

tin (EPO) production, which promotes the proliferation and maturation 

of red blood cell precursors in the bone marrow and eventually increases 

oxygen delivery to the muscles, and improving sports performance. 

Trained breath-holding divers showed significantly higher Hb during 

apnea than untrained divers and elite cross-country skiers [28], and re-

vealed a 24% increase in EPO concentration caused by repeated apneas 

[27]. It was proposed that physiological adaptation by apnea training 

may be an effective alternative to hypobaric or normobaric hypoxia [29]. 

Thus, apnea training is being offered to improve the performance of 

athletes in competitive sports where aerobic and/or anoxic performance 

is important. 

Most of the previous studies have been conducted in synchronized 

swimmers [15], breath-holding divers [14,16,17,19] and underwater hock-

ey players [18] to analyze their physiological responses to acute apnea; or 

in swimmers to investigate the presence of physiological indicators of 

one-time dynamic apnea during swimming, focusing specifically on 

their performance. The only study to examine the physiological response 

index and exercise performance after apnea training for swimmers [8] 

comprised a small sample size and had no control group. It is therefore 

difficult to explain whether the effect was due to training alone or both 

swimming and apnea training.

The possibility that the physiological adaptation reaction caused by 

apnea training may be an effective training method for elite swimmers 

was considered. However, it necessitated newer attempts to scientifically 

verify the same for development of a systematic training program based 

on evidence. Therefore, in our study, we included 20 male elite swim-

mers who were divided into a ‘control’ group that continued with the 

existing training method and an ‘apnea’ group that performed apnea 

training in addition to the existing training method. Records of swim-

ming performance and physiological variables (pulmonary function, 

lactic acid) were analyzed for verifying the effects.

METHODS 

1. Participants 

The participants included 20 male swimmers with an average experi-

ence of 10 years (10 ±1.3 years) at H University. All athletes who partici-

pated in the study were elite national level swimmers who had placed 

3rd in competitions. These athletes stayed in the same dormitory, re-

ceived the same diet, swam and trained regularly (average 15 ± 0.03 

hours/week). 

The study was conducted in conformance with the principles laid 

down in the Declaration of Helsinki. Participants provided informed 

consent. After obtaining history about previous injuries and medications, 

20 male swimmers were finally selected. They were divided into 2 groups. 

One group comprised participants who continued with the existing 

training method (Control, n = 9) and the other group performed static 

apnea training in addition to the existing training method (Apnea, n =11). 

The physical characteristics of the participants are presented in Table 1. 

2. Experimental methods 

The experiment was conducted both in the H University swimming 

pool in Seoul (with an ambient room temperature of 25 ±1°C, and water 

temperature of 27±1°C) and in the laboratory. Each swimmer consumed 

the same diet and underwent similar training programs including the 

amount of swimming and ground training over a period of four weeks. 

Table 2 shows the content and duration of training in the two groups. 

Table 1. Characteristics of subjects

Control (n=9) Apnea (n=11)

Age (yr) 21.56±1.13 21.50±1.08
Height (cm) 181.67±4.27 179.90±4.41
Body weight (kg) 77.56±6.54 74.20±3.77
Body mass index (kg/m2) 23.51±2.08 22.95±1.35
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The apnea training group performed 10 sets of breath-holding a day in 

addition to their regular training (with two minutes of rest between the 

sets) and breath-holding times were recorded and analyzed. During the 

48 hours before the experiment, participants were restricted from per-

forming too much exercise. Intake of caffeine and alcohol was restricted. 

The trials were conducted three times to eliminate psychological anxiety 

and to help the athletes adapt to the experiment.

The interval between experiments for each intervention was not less 

than 3 days and no more than 7 days, and the experiment was conduct-

ed at the same time frame between 3 and 6 pm, for all. Height and 

weight were measured after arriving at the test site on the day of the ex-

periment. The experimental method, measurement records, and meth-

ods of analysis of the physiological variables were executed as follows.

1) Static apnea training

The maximum period of apnea was measured and recorded. It was 

defined as the duration from when the participant inhaled maximal air 

and blocked the nose until the next inhale. The static apnea training was 

conducted 5 times within 1 hour after waking up, and 5 times before 

bedtime at night (2 minutes rest per session). Apnea training was con-

ducted 10 times per day for 4 weeks.

2) Measurement of physiological variables

(1) Vital capacity 

The vital capacity was measured using the pulmonary function ana-

lyzer before and after static apnea training. The maximum forced vital 

capacity (FVC, L) and the ratio of forced expiration volume for 1 second 

to the forced vital capacity (FEV1/FVC, %) were calculated.

(2) Swim record 

Before measuring the maximum power swimming record, 15 minutes 

of freestyle warm-up and 5 minutes of rest (total 20 minutes) were allo-

cated. Swim paddles (Speedo, Korea; 12 ×15 cm) and swim pins (Spurt, 

Korea; short fin, shoe size +fin < 5 cm) that fit both the hands and feet 

were worn for performing the measurements. The maximum swim-

ming record of all participants in the 50-m trial was measured using a 

stopwatch (Seiko). The 50-m distance was traversed at maximum power 

5 times using a freestyle technique and starting from the water edge to 

reduce the starting error due to a dive start.

(3) Blood lactate concentration 

The blood lactate concentration was measured by collecting a small 

amount of blood at the fingertips using the Lancet (TechLet, Du Yee 

Chemical, Korea), which was then used for analysis in a lactate analyzer 

(YSI 1500, YSI, USA) at rest and at an interval of 50 m.

2. Statistical analyses 

For all results, we used the average of the two values that was mea-

sured. The SPSS/PC+Version 18.0 program was used for analysis. Two-

way ANOVA with repeated measures was performed to analyze the dif-

ference between related indicators depending on whether apnea training 

was performed (apnea vs. control), and the least significant difference 

(LSD) method was applied for the post-hoc test. A paired t-test was con-

ducted to verify the differences between related indicators before and af-

ter apnea training. The statistical significance level was set at p=.05.

RESULTS 

1. Changes in the FVC values after 4 weeks of static apnea

training

After 4 weeks of apnea training, the FVC showed a significant interac-

tion over time in the group (p=.001). In the control group, there was no 

Table 2. Training program

Monday Tuesday Wednesday Thursday Friday Saturday

Swim training
Am (2 hr) 7,000 m Rest Rest Rest 7,000 m 7,500 m

Pm (3 hr) 8,500 m 9,000 m 9,000 m 8,500 m 9,000 m Rest

Dry-landing training Monday, Wednesday, Friday (1 hr) Squat 1 RM 80% 10-12 reps 3 min rest between a set
Chest curl 1 RM 80% 10-12 reps
Bench press 1 RM 80% 10-12 reps
Barbell 15 kg 3 sets
Physio ball 3 sets
Medicine ball 5 kg 3 sets
Band training 5 sets
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difference between the values obtained before and after the training 

(p>.05). However, in the apnea group the values of FVC increased sig-

nificantly after training (p=.008)(Fig. 1).

2. Changes in the FEV1/FVC (%) ratio after 4 weeks of 

static apnea training 

After 4 weeks of apnea training, the FEV1/FVC ratio revealed no inter-

action between the groups, and neither the control group nor the apnea 

group showed any significant variations before and after training (Fig. 2).

3. Changes in the breath-holding time during static apnea 

training for 4 weeks 

The breath-holding time in the 4 weeks showed interactions with 

group and time (p=.036). The result of the post-hoc analysis, divulged 

no differences between the groups, but the time of breath-holding had 

increased significantly with time due to apnea training (p< .05). In the 

control group the duration of breath-holding increased significantly in 

the 2nd week (p=.020), the 3rd week (p=.001) and the 4th week (p=  

.001) compared to the 1st week. In the apnea training group, there was a 

significant increase in the 2nd week (p=.001), 3rd week (p=.001) and 

4th week (p=.001) compared to the 1st week (Fig. 3).

4. Changes in 50 m repetitive trial records after 4 weeks of 

static apnea training 

No remarkable differences were noted between the groups (p>.05) or 

among the periods (p>.05) in the records following 5 repetitive 50-m 

trial sessions after 4 weeks of apnea training. Additionally, there was no 

interaction between the groups or over time (p=.772). The results in the 

apnea group showed significant improvement during the 4th (p=.013) 

and the 5th (p =.023) trial sessions compared to those before apnea 

training. In contrast, in the control group, only the 5th trial session 

showed significant improvement in results compared to those before 

training (p=.022)(Fig. 4).

5. Changes in blood lactate concentration after 4 weeks of 

static apnea training 

After 4 weeks of apnea training, the lactate concentration following 

50-m repetitive trial sessions disclosed no differences between the 

groups (p=.856), but variations over time were observed (p< .01). Also, 

there was no interaction between the groups or over time (p=.649). Lac-

tate concentration following repeated 50-m trial sessions, before and af-

ter apnea training for 4 weeks was significantly higher than before apnea 

training during the 2nd trial in the apnea group (p=.008). On the other 

hand, in the control group, there was no difference before and after 

training (p>.05)(Fig. 5).

Fig. 1. Changes in the forced vital capacity values after 4 weeks of static 
apnea training. #p<.05 time×group interaction, *p<.05 between pre and 
post values.
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DISCUSSION 

Currently, elite swimmers in Korea undergo high intensity swimming 

and ground training. The sports instruction field is extremely interested 

in scientifically-based training methods that can improve the perfor-

mance without significantly increasing the total amount of training. 

Thus, we attempted to apply apnea training, known to have a positive 

effect on breathing patterns, in elite swimmers. The apnea training was 

performed along with existing training for 4 weeks, and positive changes 

in pulmonary function in addition to an increase in breath holding time 

were established. Although no differences were noted between the 

groups in the 50-m swimming record and lactic acid concentration after 

apnea training, a significant effect was confirmed in few 50-m trial ses-

sions over time.

The FVC values of the apnea group increased significantly after 4 

weeks of static apnea training, while the FEV1/FVC ratio did not change 

in our study. This result is similar to that reported in the previous study 

comprising fin swimmers [30] in which improvement in pulmonary 

function after breath-holding training was attributed to strengthening of 

the respiratory muscles.

In addition, duration of breath-holding revealed a pertinent increase 

due to apnea training. There was no significant difference between the 

groups in the 50 m trial session recording of 5 repetitions, but a change 

was perceived in the apnea group in the 4th and 5th trial sessions. The 

control group was observed to have improved records during the 5th tri-

al session. The lactic acid concentration measured during the 50-m trial 

session was not different between the groups, but the apnea group 

showed significant increase in the results in the 2nd trial session com-

pared to those obtained before apnea training. These results suggest that 

static apnea training is an effective intervention method that can in-

crease the pulmonary function and breath-holding time to maximize 

the performance in swimmers. However, when performing a 50-m repe-

Fig. 4. Changes in 50m records after 4 weeks of static apnea training. (A) The differences in the results pre- and post-training in the apnea group. (B) The 
differences in the results pre- and post-training in the control group. *p<.05 between pre and post the 50m trial.
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tition trial, there was no evidence of improvements of the swimming re-

cord or a change in lactate production capacity. It is difficult to conclude 

that the effect of apnea training on exercise performance is large because 

there were no notable differences between the groups and the impact 

was minimal at some timepoints. The duration of this study (4 weeks) is 

short, and the evidence for the appropriateness of the swimming proto-

col (50 m × 5 rep) for evaluating exercise performance is limited. 

Apnea training has recently been introduced as an effective alternative 

to hypobaric or normobaric hypoxia exposure by inducing positive 

adaptive responses such as increased breath-holding time, pulmonary 

volume [31], bradycardia and vasoconstriction during apnea, and re-

duced acidosis and oxidative stress [19,32]. In fact, in the case of breath-

holding divers, chemosensitivity for hypercapnia and hypoxia is in-

creased [33,34]. It may cause less ventilation reaction and lessen dyspnea 

during submaximal exercise. These changes have been suggested to be 

beneficial to a wide range of sports players, including divers [32].

Swimming is a competitive sport that requires about 4 times more en-

ergy than running [35] and requires higher breathing pattern control ca-

pabilities than athletics. Therefore, good respiratory muscle performance 

and pulmonary function are prerequisites for maintaining an efficient 

swimming stroke technique [1]. Improved pulmonary function is ac-

companied by improved respiratory muscle performance [36] and pro-

longed and delayed respiratory muscle fatigue during maximal exercise, 

[29] which improves exercise performance. In our study, static apnea 

training for 4 weeks performed on elite swimmers was seen to improve 

pulmonary function by increasing FVC similar to the results of the 

study [8] in which an increase in FEV1 was seen after apnea training in 

swimmers for a longer period (3 months).

In addition, it has been found that it is possible to extend the apnea 

duration. Repeated apnea training induces splenic contraction, thus re-

ducing the arterial oxygen desaturation [37-39]. Most studies conducted 

in synchronized swimmers [15], breath-holding divers [14,16,17,19] and 

underwater hockey players [18] have reported a similar relationship with 

breath-holding duration as that in players who have already been adapt-

ed to dynamic apnea underwater. Previous studies have introduced 

methods to improve the various factors that can affect performance re-

gardless of where apnea training is performed (underwater or above 

ground) [8,30,31], although there is a lack of evidence for static apnea 

training on the ground. Therefore, we aimed to establish a method of 

improving performance that can be used universally by applying static 

apnea training on the ground. In accordance with the purpose of this 

study, static apnea training was conducted for 4 weeks on the ground for 

elite swimmers, and breath-holding time increased as training contin-

ued.

Increase in the duration of apnea while swimming increases resis-

tance to CO2, making it easier to maintain breathing. This minimizes 

the obstruction caused by breathing to arm coordination and increases 

stroke length and stroke rate to improve both-arm propulsion [40]. In 

our study, there were no significant differences between the 50-m trial 

records in which the 50-m distance was traversed 5 times using the free-

style method, but the apnea group showed improvement in results only 

in the 4th and 5th trial sessions. In a study that compared the perfor-

mance of swimmers with apnea and normal frequency breathing, the 

results revealed that the performance was further improved during nor-

mal frequency breathing [10]. However, results of this study were that of 

one-time dynamic apnea swimming, and it is difficult to directly com-

pare it with the results obtained in our study. In future studies, it would 

be meaningful to perform long term dynamic and static apnea training 

and subsequently compare the effects on the performance. 

The level of lactic acid in the blood is increased by apnea during exer-

cise, which relies on the anaerobic glycolytic metabolism. This means 

the accumulation of metabolites in active muscles [9,41]. However, train-

ing to regulate lactic acid production is a very important factor for 

swimming ability. A large part of the swimming training is focused on 

improving the ability to generate lactic acid, which is also used as a 

means to evaluate the training process and the success of training [21]. 

Lactic acid concentration is related to muscle lactate concentration and 

anaerobic exercise performance [21,22,24,42]. This has been widely used 

to evaluate and observe the adaptation of the lactic acid system for ener-

gy production due to its relatively simple method of measurement. In 

our study, the lactic acid concentration measured after 5 repetitions of 

50-m swimming did not differ between the groups. However, the apnea 

group showed significant increase in the 2nd trial session compared to 

the results achieved before apnea training. In the case of the dynamic 

apnea trained breath-holding diver, the arterial oxygen desaturation and 

lactate increased rapidly at the beginning of exercise [17], whereas in the 

swimmer, lactatemia was not higher than that achieved during the con-

trol condition after acute apnea swimming. This suggests the possibility 

that the 25 m is too short to increase the anaerobic glycolytic metabo-

lism or that a late lactatemia peak could occur due to vasoconstriction. 

As mentioned previously, it may be necessary to review the swimming 

protocols (distance × reps) for evaluating the performance following ap-
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nea training in subsequent studies. Apnea temporarily increases the he-

matocrit, but the effect disappears within 10 minutes of the last apnea 

[39,43]. Thus, a long-term study with repeated apnea training and the 

potential to cause a physiological metabolic adaptation should be con-

ducted.

Static apnea training for 4 weeks increased the pulmonary function 

and breath-holding time of elite swimmers, confirming its potential as 

an exercise mediator to improve athletic performance. However, the ef-

fect on athletic performance is not clear, which preempts the identifica-

tion of the various associated physiological factors. Studies with long-

term interventions should be undertaken. The result of our study is 

meant to provide basic data to the leaders in the field of sports who en-

gage in scientifically based training plans to improve elite swimmers’ 

performance. 

CONCLUSIONS 

This study was designed to test the effects of four weeks of static apnea 

training on the performance of elite swimmers (swimming record) and 

physiological variables (pulmonary function, lactic acid). According to 

the results of this study, positive changes in pulmonary function of elite 

swimmers were observed through static apnea training. Improvement in 

pulmonary function establishes the potential of this training in strength-

ening the respiratory muscles and improving performance. Conversely, 

apnea training did not show a difference between the groups with regard 

to the swimming record and lactic acid concentration. It was difficult to 

identify a clear impact on exercise performance because the effect of ap-

nea training was confirmed only in some trial sessions. In the future, it 

is necessary to examine the long-term interventions and the various 

physiological factors of apnea training for implementation in the field of 

competitive sports.
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