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a B S T r a c T
iNTroducTioN: currently, there is an increase in people practicing freediving (fd) both in competition and leisure. as a sports practice, 
its modalities are grouped into static, dynamic, and constant weight apnea. The aim of this systematic review and meta-analysis (proSpero-
crd42021230322) was to identify the training methods used to improve the static apnea time (aT) performance.
eVideNce acQuiSiTioN: Ten training protocols were analyzed from eight studies published until March 09, 2022. The effect size (hedge’s 
g) and its confidence interval (CI95%) were calculated from the aT measured pre- and post-training.
EVIDENCE SYNTHESIS: Three different apnea training methods were verified, the breath-hold (BH) that uses BH exercises, physical training 
with strength and cardiorespiratory exercises, and cross training that combines Bh exercises with physical training. These training methods were 
applied to 138 participants of both sexes with or without experience in apnea episode or diving practice. in general, the aT improvement showed 
a large effect after the interventions (g=1.30, ci95%=0.85-1.76, p<0.01).
coNcluSioNS: all three methods were effective in improving static aT, however from the existing protocols is not possible to recommend 
an ideal to improve aT and therefore fd performance.
(Cite this article as: Massini da, Scaggion d, de oliveira Tp, Macedo aG, almeida Ta, pessôa filho dM. Training methods for maximal static 
apnea performance: a systematic review and meta-analysis. J Sports Med phys fitness 2022;62:000-000. doi: 10.23736/S0022-4707.22.13621-2)
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Introduction

Voluntary apnea (i.e., breath holding, Bh) enables hu-
mans to submerge for performing a freediving (fd) 

condition. freediving is an underwater activity initially 
performed centuries ago to collect pearl shells, seafood, 
and naval warfare missions.1, 2 currently, there is an in-
creasing number of individuals practicing fd in different 
sports modalities (e.g., competitive freediving, synchro-
nized swimming, target shooting, hockey, and under-
water rugby),3, 4 whether for recreational or competitive 
purposes.4, 5 as a requirement for, fd performance, the 
apnea episode can be improved to achieve greater times 

or depths underwater with breath-holding.6-9 in 1992, the 
international association for the development of freediv-
ing (aida) was founded, which organizes competitions 
and keeps a register of world records set in 8 modalities 
of static, dynamic, and constant weight,8, 10 as well as su-
pervising all other associated activities.8 in 2009, the cur-
rent world record set at static apnea was registered with 11 
minutes and 35 seconds,6, 11 meanwhile, the training effec-
tiveness to improve maximal apnea duration remains in-
definitely regarding the method of apnea training (static or 
dynamic), and planning protocol (underwater or dryland 
apnea episodes, and types of exercise to combine with ap-
nea) 12,13.a traditional parameter of static or dynamic apnea 
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the International Prospective Register of Systematic Re-
views (PROSPERO - CRD 42021230322) on February 18, 
2021.

Literature search

The search for high sensitivity without a time limit was 
elaborated according to the PICOS strategy:

•  participants – trained and apnea non-trained freediv-
ers, healthy adults aged between 18 and 45 years being 
in favorable biological conditions for developing and im-
proving sports performance.

•  intervention – studies that investigate the effect of 
apnea training regardless of duration, intensity, or type of 
exercise will be considered for inclusion.

•  comparator – the primary comparison of interest is 
the pre-post difference in static apnea time after training, 
as a result of each study protocol.

•  outcome – the main result of interest is the static ap-
nea time in response to a training protocol.

•  study design – any study design that includes mea-
surements of static AT before and after training will be 
considered for inclusion. These include randomised and 
nonrandomized clinical trials, including cross-over trials 
and pre-post single group studies. Our justification for in-
cluding these different types of studies is based on: 1) our 
desire to be as inclusive as possible; 2) identifying whether 
the results are associated with these different types of stud-
ies; and 3) providing direction for future primary studies in 
what it concerns the design of studies aimed at examining 
the effects of training on static AT.

The following descriptors were applied: “freediving” 
AND “healthy” AND “apnea training” AND “breath-
holding” OR “apneic time” NOT “sleep apnea” with 
the filters: “full text,” “humans,” “English,” “adult: 19-
45 years.” The search strategy was submitted to a peer 
review by an information scientist using the Evaluation 
Form of the Peer Review Guidelines for Electronic Search 
Strategy (PRESS)22 and is available in Supplementary 
Digital Material 1: Supplementary Text File I, II, Supple-
mentary Figure 1-5). The sensitivity of the descriptors 
was assessed in the location of the article by Shagatay 
et al.12 Computerized searches were subsequently per-
formed in the PubMed, ScienceDirect, Cochrane Li-
brary, SPORTDiscuss, Web of Science, Embase, Scopus, 
CINAHL, LILACS, PEDro, and SciELO databases for 
studies published until December 11, 2020. In addition 
to the studies found, a new period was considered until 
March 09, 2022. Gray Literature searches (dissertations, 
thesis, and Conference Proceedings) were performed 

training is underwater or dryland apnea time (AT), which 
is characterized by BH, being sustained for the longest pe-
riod of time possible.6 During an apnea episode two phas-
es are observed, separated by a physiological breakpoint 
(characterized by a sudden increase in the eletromiografic 
response of the respiratory muscles:12 1) the “easy-going” 
phase determined by physiological factors associated with 
the accumulation of arterial CO2, which might be simply 
understand as the apnea period with no strong impulse for 
breathing; and 2) the “struggle phase” where involuntary 
breathing movements (involuntary contraction of the dia-
phragm) are triggered due to a need to breathe.13-15 The 
duration of AT depends on psychological and physiologi-
cal factors related to O2 storage, tolerance to hypoxia, and 
the metabolic rate,4,5,14,18,19,20, and its improvement occurs 
due to one or more factors combined, although the physi-
ological mechanisms during an apnea episode are not yet 
fully understood.1, 7 Different training methods and pro-
tocols have been designed to understand the physiologi-
cal requirements to improve the apnea episode, both in 
healthy individuals,12, 16 and in well trained freedivers.17-19 
However, apnea protocols present a significant variation 
between studies regarding the training methods, training 
load parameters (i.e., types of exercises, volume, intensity, 
recovery, and weekly frequency),12, 19 and participants’ 
characteristics (i.e., age, sex, apnea experience, and fitness 
level).17, 20 Therefore, a systematic review is important to 
summarize the effect of training methods and, therefore, 
the effectiveness of training to improve the apnea time per-
formance to support future studies in the selection of pro-
tocol to investigate conditioning requirements for FD per-
formance. The questions in the current study were whether 
there are different training methods used in apnea episode 
and whether those methods effect the increasing of maxi-
mal static apnea duration. To find the responses, this study 
aimed to: 1) perform a systematic review to identify the 
training methods applied to apnea episode; and 2) perform 
a meta-analysis to analyze the effect of training on the im-
provement of static AT.

Evidence acquisition

Search strategy

This systematic review and meta-analysis were carried out 
following the recommendations of the Cochrane Hand-
book for Systematic Reviews of Interventions (version 
5.1.0), and its writing followed the checklist Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses 
(PRISMA).21 This systematic review was registered with 

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



FREEDIVING STATIC APNEA TRAINING� MASSINI

Vol. 62 - No. ??	 The Journal of Sports Medicine and Physical Fitness	 3

checklist,23 which gives the study 1 point if the criterion 
is satisfied, or 0 points if the criteria are not satisfied. The 
checklist contains two sections that refer to quality (items 
1 – 5) and study report (items 6-12); items 6 and 8 have 
three and two questions respectively, giving a total of 15 
points. Based on the summarized scores, the studies were 
classified as “excellent quality” (12-15 points), “good 
quality” (9-11 points), “fair quality” (6-8 points), or “low 
quality” (<6 points) (Table I).28

Statistical analysis

The statistical analysis was performed by one author 
(DAM) and reviewed by a second one (DMPF). For these 
estimates, the sample size, mean values, and standard de-
viation of the AT pre- and post-training for each condition 
(training methods) of each study included in the meta-
analysis were used. The relative effects of training (∆%) 
were provided in percentages according to equation 1.

Δ% = [(X̅post – X̅pre) / X̅pre] ∙ 100
where “∆%” is the training effect in percentage, “X̅pre” is 
the mean static AT pre-training and “X̅post” is the mean stat-
ic AT post-training. The magnitude of the result after each 
training protocol was determined by means of the standard-
ized differences adjusted by the Hedge’s g and 95% confi-
dence interval (CI95%) due to the small sample size (N.<30) 
of the included studies.29 Study estimates were combined 
within the meta-analysis using a random-effects model 
and presented as forest plot graphics. The inconsistency 
was verified using the results of the meta-analysis and was 
based on the visual inspection of the Hedge’s g estimates, 
with CI95% overlapped or not, as well as on statistical tests 
for heterogeneity (I2) determined by the combination of 
the Cochrane Q test with the Higgins Test.30 Its value was 
classified as: 0<I2≤25% indicating non-heterogeneity, 
25<I2≤50% indicating low heterogeneity, 50<I2≤75% in-
dicating moderate heterogeneity, and I2>75% indicating 
high heterogeneity between studies.31 The analysis of pub-
lication bias (Egger’s Test) was not evaluated due to the 
small number (N.<10) of included studies,32-34 as well as 
an additional subgroup and meta-regression analyses. The 
effect size for Hedge’s g was categorized as: ≤0.19=trivial, 
0.20-0.59=small, 0.60-1.19=moderate, and ≥1.20=large.35 
All analyses were performed using software R (ver-
sion 4.0.3) and using the RStudio environment (version 
1.3.1093; R Foundation for Statistical Computing, Vienna, 
Austria) with the meta36 and metafor37 packages. For all 
statistical procedures, a significance index of α=0.05 was 
adopted.

in the OATD (Open Access Theses and Dissertations), 
OpenDissertations, PubMed, ScienceDirect, Embase, 
SPORTDiscuss, and Web of Science databases. To add 
other relevant titles, manual searches were performed on 
the references of the eligible articles and their citations in 
the PubMed, Scopus, and GoogleScholar (Google LLC., 
Mountain View, CA, USA) databases. Finally, attempts 
were made to contact the authors of the selected articles 
via email to request further relevant information. For 
studies which presented only chart information, values 
were get through specialized software (WebPlotDigitizer 
version 4.5, Pacifica, CA, USA). The searching process 
was performed independently by two authors (DAM and 
TPO) to avoid any selection bias. After their completion, 
the authors compared the lists of included and excluded 
studies, and the observed discrepancies were analyzed 
through discussion and agreement with a third author 
(DMPF).

Study selection criteria

Studies that measured static AT pre- and post-training 
were included, independently of the environment where 
training was planned (i.e., underwater or dryland). The in-
clusion criteria adopted were: 1) complete studies carried 
out in healthy humans aged between 18 and 45 years; and 
2) peer-reviewed and published in English without a time 
limit. The exclusion criteria were: 1) studies with clini-
cal populations, which used dietary supplements or ergo-
genic resources that alter blood flow; 2) literature reviews 
(narrative, systematic, and meta-analysis reviews); and 3) 
studies with low methodological quality.

Data extraction

The data were extracted by two authors (AGM and TAFA) 
using a pre-pilot spreadsheet and verified independently 
by a third author (DAM) from the review team. The fol-
lowing data were extracted: 1) name of the authors; 2) year 
of publication; 3) characteristics of the population (sample 
size, sex, age, height. and body mass); 4) training method; 
5) training load parameters (exercises, volume, intensity, 
recovery, weekly frequency, and duration of the interven-
tion); and 6) pre- and post-training AT.

Determination of methodological quality

This was carried out by two independent authors (DAM 
and DS), and the discrepancies observed were analyzed by 
a third author (DMPF) using the “Tool for the assessment 
of Study qualiTy and reporting in EXercise” (TESTEX) 
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Evidence synthesis

Figure 1 presents the flowchart for all stages of the sys-
tematic review and meta-analysis, and Table II, III, 
IV7, 12, 17, 20, 24-27 present the main characteristics of the 
eight included studies,7, 12, 17, 20, 24-27 from the year of 1984 
until 2013, from 2014 until January of 2019 and from 
February of 2019 until 2022, respectively. Six studies 
were carried out in Europe and two in the USA. These 
studies enrolled 138 participants (74% men and 26% 
women) aged 18 to 45 years. As for FD experience, only 
19 (14% of participants) had two years of experience, and 
all were men. As for the ten training protocols included, 
three different methods were observed. The BH method 
was used in eight of the ten protocols, planned with static 
or dynamic BH in underwater and dryland exercise condi-
tion. The cross training (CT) and physical training (PT) 
were each one included in two and one protocols, respec-
tively. The intensities used were maximum and submaxi-
mal (BH: 50% of dryland apnea, PT: 50% of maximal 
oxygen uptake), with recoveries varying between 50% of 
dryland apnea up to 10 minutes in duration. The training 
sessions lasted between 7-60 minutes, weekly frequency 
between three to seven days, with interventions lasting 
five days to 22 weeks. Finally, there was an increase in 
static AT between 15-62% (Figure 1). Table I7, 12, 17, 20, 24-27 
presents the methodological quality of the results for each 
criterion on the TESTEX Scale for all included studies. 
Four studies showed good methodological quality12, 17, 24, 27, 
and others four studies were reasonable.7, 20, 25, 26 Figure 
27, 12, 17, 20, 24-27 shows the meta-analysis including eight 
studies and the ten training protocols. These studies com-
bined by the random-effect model showed a significant 
effect on the static AT of each training protocol (g=1.30, 

Table I.—��Methodological quality using the TESTEX assessment.

Study

Criterion Criterion
Total

Study quality Study reporting Study reporting

Eligibil-
ity criteria 
specified

Randomiza-
tion specified

Allocation 
concealment

Groups simi-
lar at baseline

Blinding of 
assessor

Study reporting
Intention-to-
treat analysis

Between-group statistical 
comparisons reported Point and 

variability 
measures

Activity 
monitoring in 
control groups

Relative 
exercise inten-
sity remained 

constant

Exercise 
volume and 
energy ex-
penditure

Scores RatingParticipants 
adherence 

>85%
Adverse 
events

Exercise 
adherence

Primary 
outcome

Secondary 
outcome

1 2 3 4 5 6a 6b 6c 7 8a 8b 9 10 11 12
Hentsch et al.24 0 0 0 1 0 1 0 1 1 1 1 1 0 1 1 9 Good quality
Schagatay et al.12 0 0 0 1 0 1 0 1 1 1 1 1 1 1 1 10 Good quality
Joulia et al.25 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 6 Fair quality
Engan et al.20 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 6 Fair quality
Fernandez et al.17 0 0 0 1 0 1 0 1 1 1 1 1 1 1 1 10 Good quality
Stanford26 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 6 Fair quality
Bouten et al.7 1 0 0 0 0 0 0 1 1 0 0 1 0 1 1 6 Fair quality
Bouten et al.27 1 0 0 1 0 1 0 1 1 1 1 1 1 1 1 11 Good quality

Figure 1.—Prism flow diagram of the search process.
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tions. Eight studies were eligible and classified into the 
fair level for methodological quality. The ten training pro-
tocols combined showed homogeneity and a large effect 
on static AT.30, 34 In this way, apnea training was consid-
ered effective to improve AT performance. Regarding the 
populations included in the studies, no study included par-

CI95%=0.85-1.76, P<0.01 [large]). The inconsistency anal-
ysis by visual inspection of the overlapping CI95% com-
bined with statistical tests present low heterogeneity 
(I2=41.6%, CI95%=0.0-72.1%; Q[9]=15.4, P=0.08). The 
present study evidenced the effect of apnea training on 
static AT performed in underwater and dryland condi-

Table I.—��Methodological quality using the TESTEX assessment.

Study

Criterion Criterion
Total

Study quality Study reporting Study reporting

Eligibil-
ity criteria 
specified

Randomiza-
tion specified

Allocation 
concealment

Groups simi-
lar at baseline

Blinding of 
assessor

Study reporting
Intention-to-
treat analysis

Between-group statistical 
comparisons reported Point and 

variability 
measures

Activity 
monitoring in 
control groups

Relative 
exercise inten-
sity remained 

constant

Exercise 
volume and 
energy ex-
penditure

Scores RatingParticipants 
adherence 

>85%
Adverse 
events

Exercise 
adherence

Primary 
outcome

Secondary 
outcome

1 2 3 4 5 6a 6b 6c 7 8a 8b 9 10 11 12
Hentsch et al.24 0 0 0 1 0 1 0 1 1 1 1 1 0 1 1 9 Good quality
Schagatay et al.12 0 0 0 1 0 1 0 1 1 1 1 1 1 1 1 10 Good quality
Joulia et al.25 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 6 Fair quality
Engan et al.20 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 6 Fair quality
Fernandez et al.17 0 0 0 1 0 1 0 1 1 1 1 1 1 1 1 10 Good quality
Stanford26 0 0 0 0 0 1 0 1 1 0 0 1 0 1 1 6 Fair quality
Bouten et al.7 1 0 0 0 0 0 0 1 1 0 0 1 0 1 1 6 Fair quality
Bouten et al.27 1 0 0 1 0 1 0 1 1 1 1 1 1 1 1 11 Good quality

Table II.—��Earlier studies on apnea training method: the eligible researchers from 1984 to 2013.

Study

Participants Apnea Training protocol Apnea time

Method Sex Free 
diver

Age
(years)

Hight
(meters)

Body 
mass
(kg)

Exercises 
modalities Description

Weekly 
fre-

quency
Duration Pre

(s)
Post
(s)

∆
(%)

Hentsch  
et al.24

Breath-
holding

10 M, 
11 W

No 21-45 Breath-
holding

2 maximal breath-holds 
with a 3 min recovery 
break

5 5 days 33±20 53±25 62

Schagatay  
et al.12

Breath-
holding

5 M,  
4 W

No 25 Breath-
holding

5 maximal effort apneas 
with 2 min intervals 
every day for 2 weeks

4 2 weeks 107±11 123±9 15

Physical 
Training

13 M, 
11 W

No 26 Running, 
jumping 
and 
gymnastics 
involving 
large 
muscle 
groups

Low intensity exercises 
(50-60% V̇O2max) 
combined with high 
intensity (70-80%V̇O2max) 
work-intervals of about 3 
min repeated 4 times per 
workout, for a total time 
of 60 min

3 8 weeks 74±7 88±10 19

Joulia et al.25 Cross 
Training

8 M No 22.6±4.6 72.5±6.6 Breath-
holding and 
cycling

Repetitions of 20 s of 
breath-holding separated 
by 40 s of breathing room 
air during a 1 h steady 
state cycling exercise at 
30%VO2max

3 3 months 104±14 155±15 49

Engan et al. 23 Breath-
holding

6 M 
4W

No 25±6 1.75±0.1 72±9 Breath-
holding

10 maximal apneas trials in 
seated or supine position, 
divided in two series of 
5 apneas with 2 min rest 
interval, with 10 min rest 
between series

6 12 days 157±50 200±53 27

M: men; W: women; rep: repetitions; s: seconds; HIIT: high intensity interval training.
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Table III.—��Later studies on apnea training methods, encompassing the time period from 2014 to the beginning of 2019.

Study

Participants Apnea Training protocol Apnea time

Method Sex Free 
diver

Age 
(years)

Hight 
(meters)

Body 
mass (kg)

Exercises 
modalities Description

Week-
ly fre-
quen-

cy
Duration Pre (s) Post (s) ∆ 

(%)

Fernandez 
et al.17

Breath-
holding

9 M Yes 34.3±7.8 1.79±0.1 74.4±3.3 Breath-holding Specific hypoxic training in 
dynamic – first and second 
session: 40 reps of 25 m 
dynamic apneas to maximum 
individual underwater 
swimming speed with 20 s of 
recovery each 25 m

2 22 weeks 182±55 250±33 37
1

Cross 
Training

10 M Yes 36.4±0.4 1.76±0.1 75.3±12.8 Calisthenic 
exercises, 
swimming, and 
dynamic and 
static specific 
hypoxic 
training

Specific hypoxic training in 
static

1 185±43 249±43 35

Third session: 3 maximal 
static apneas with 10 min of 
full recovery between each 
apnea.

First session: 15 min with 
a dryland strength circuit 
of 10 calisthenic exercises 
- squat, pull-up, push-up, 
squat, pull-up, push-up, 
squat, pull-up, push-up, 
and squat- with 50 reps 
and 10 s of recovery. This 
was followed by swimming 
training in crawl, alternating 
each week between 45 min 
of continuous swimming 
training (14 RPE) and HIIT 
(20 RPE). Regarding HIIT, 
volume and density were 3 
sets of 10 reps of 25 m with 
20 s of recovery

Second session: participants 
performed a specific hypoxic 
training in dynamic

1

Third session: participants 
conducted a specific hypoxic 
training in static.

1

M: men; W: women; rep: repetitions; s: seconds; HIIT: high intensity interval training.

Table IV.—��The newest studies eligible on the search for the apnea training methods.

Study

Participants Apnea training protocol Apnea time

Method Sex
Free 
div-
er

Age 
(years)

Hight 
(meters)

Body mass 
(kg)

Exercises 
modalities Description

Weekly 
fre-

quency
Dura-
tion Pre (s) Post (s) ∆ 

(%)

Stanford26 Breath-
holding

9 M, 
6 W

No 22.7±4.8 1.74±0.1 72.4±13.2 Breath-
holding

8 submaximal reps (50% 
dryland apnea) with passive 
recovery between 80-45% 
dryland apnea (5% reduc-
tion per day)

7 12 days 67±25 97±45 45

Bouten  
et al.7

Breath-
holding

10 M No 18-30 Breath-
holding

5 static breath-hold apneas in 
a seated position separated 
by 2 min rest interval: first 
4 bouts at 80% of the pre-
test’ maximal apneic dura-
tion and last bout at maxi-
mal apnea. Target times 
adjusted after 4 weeks of 
training

7 8 weeks 116±15 178±45 53

Bouten  
et al.27

Breath-
holding

22 M No 27.1±3.5 1.80±0.1 72.5±8.3 Breath-
holding

5 maximal static breath-holds 
with 30 s rest intervals

7 6 weeks 118±54 155±53 31

M: men; W: women; rep: repetitions; s: seconds; HIIT: high intensity interval training.

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



FREEDIVING STATIC APNEA TRAINING� MASSINI

Vol. 62 - No. ??	 The Journal of Sports Medicine and Physical Fitness	 7

gan et al.,20 and Bouten et al.,27 being performed at maxi-
mum intensity, repeated two to ten times with recovery 
lasting two to ten minutes in each training session. Exer-
cises at submaximal exertion rates in the BH method were 
designed in the study of Stanford,26, 40 which differed from 
other studies with regard the short time of rest between 
the eight efforts made, and in the study of Bouten et al.,7 
with five consecutive BH apneas, four at 80% of the max-
imal apnea duration and the last one at maximal apnea. 
Dynamic apnea exercises were designed in the Fernandez 
et al.17 and Joulia et al.25 studies, with exercise sets of 25 
meters, performed at maximum speed and with 20 sec-
onds of rest between the sets, or cycling at 30% of maxi-
mal oxygen uptake while the subjects interspersed 20 sec-
onds of breath holding with 40 seconds breathing the 
room air. Aerobic exercises such as cycling and running, 
have also been applied, as in the Schagatay et al.12 study, 
which planned high-intensity trials (70-80% V̇O2max) 
with active recovery intervals in low-intensity trials (50-
60% V̇O2max), as well as callisthenic exercises followed 
by HIIT which was applied to the increase of muscle 
strength for swimming performance.17 The variety of such 
different exercises being applied, illustrates the attempts 
to match the specific requirements for the competitive de-
mands (static or dynamic apnea) that freedivers under-
go.12, 17 The durations of the training protocols are varied, 
resulting in different morphological and physiological ad-
aptations being observed after each intervention.39, 41 Fur-
thermore, apnea time improves as an acute effect of breath 
holding training, which is therefore recognized as a short-
term adjustment from repeated breath holding trials in a 
planning session no longer than 10 minutes.37, 42, 43 The 
physiological mechanism underlying this adjustment is 
probably the slowing of oxygen content reduction in 
blood as an effect of increased blood flow to central re-

ticipants aged ≤17 years, which is recommended to avoid 
the effect of the biological maturation state on the toler-
ance of the central nervous system to the apnea duration.8 
The studies employing healthy individuals did not include 
the level of experience, except for the study of Fernandez 
et al.,17 which included freedivers athletes (two or more 
years of practice), despite of AT score of these freedivers 
does not allow them to be classified as elite athletes, as the 
performance in FD is less than five minutes.11, 16, 25 The 
fact that none of the included studies analyzed elite ath-
letes precludes the extrapolation of the results from this 
systematic review and meta-analysis to this population. 
Likewise, the current results cannot be applied to females 
since none of the studies included women separately12, 24, 36 
or included both sexes into a single group. The different 
training methods (BH, PT, and CT) enable similar adapta-
tions regarding several factors such as psychological, as 
the increase of tolerance during an apnea epi-
sode,7, 12, 17, 20, 24, 26, 27 pulmonary, as the increase of vital 
capacity;3, 17, 19, 38 respiratory, as the control of metabol-
oreflexes;12, 19, 25, 26 cardiological, as the bradycardia and 
peripheral vasoconstriction;3, 7, 19, 38 and hematological, as 
the hypervolemia, increased concentration of erythropoi-
etin and haematocrit.3, 7, 12, 39 Therefore, training protocols 
are designed to match goals such as: CT and HIIT (high-
intensity interval training) which contribute to the me-
chanical efficiency of swimming underwater, which is 
plausible for dynamic apnea;16, 17 PT which contributes to 
the reduction of blood lactate accumulation and the im-
provement of aerobic energy supply during an apnea epi-
sode,12,14,22,29; and BH which specifically induces adaptive 
mechanisms to protect anoxia and reduce O2 consump-
tion.8 Regarding the different training methods included 
in the protocols, the static BH was used in the studies by 
Hentsch et al.,24 Schagatay et al.,12 Fernandez et al.,17 En-

Figure 2.—The forest plot for the effects of 
training on static AT performed at both under-
water and dryland conditions.
The ordinate axis denotes Hedge’s g (ES) 
with symbols denoting the 95% confidence 
interval (95% CI).

Bouten et al. (2022). BH
Stanford (2019). BH
Hentsch & Ulme (1984). BH
Engan et al. (2013). BH
Fernandez et al. (2019). CT
Schagatay et al. (2000). BH
Schagatay et al. (2000). PT
Fernandez et al. (2019). BH
Bouten et al. (2019). BH 
Joulia et al. (2003). CT

Heterogeneity: I2 = 42%, τ2 = 0.3212, P = 0.08
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of studies is not per se a constraint for a consensus regard-
ing training protocol effectiveness for the improvement of 
the static AT performance, since the effect was large and 
are consistent (i.e., low heterogeneity).
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