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Abstract: Apnea ability is the main determining factor of freediving performance. Apnea relates to
physiological factors that might be experienced by a free diver hence its ability is highly likely to correlate
with various factors of human physiology. One of the suspected factors that affect apnea duration is body fat
level. The fact that fat is distributed in almost all parts of the body, including respiratory organs and tracts,
arises the suspicion of a possible correlation between fat accumulation and apnea ability. This research
studies the correlation between body fat level and apnea duration. 30 males, aged 18-22 were the research
participant. Body fat levels were measured using Bioelectrical Impedance Analyzer, while apnea duration
was measured by the length of which the participants hold their breath while sitting silently in the pool. The
obtained data were then analyzed using a series of tests: normality, correlation, and linear regression tests.
Pearson Correlation test shows negative result (p<0,05) with the value of correlation coefficient -0.611 which
means negative correlation with medium strength. The result of the linear regression test also shows a similar
value of 0.611. Meanwhile, the value of the determinant coefficient (R square) is 0.374 (37.4%). Based on
the value obtained, it can be inferred that body fat levels have 37.4% influence on the duration of apnea,
while the other 62.2% are influenced by a variety of other factors.
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INTRODUCTION

Diving is an underwater physical activity which is quite popular nowadays. Diving is done for
various purposes. The most widely practiced is recreational diving. Diving can be done both without the
use of equipment (free dive) or using a set of self-contained underwater breathing apparatus (SCUBA).
Although free dive and SCUBA diving are both forms of diving activity, they both have different
concepts and rules. Apart from the presence or absence of the use of breathing apparatus, one aspect
that distinguishes free dive from SCUBA diving is the breathing technique. In free dive, before entering
the water, the diver only relies on one deep breath and then holds his / her breath (apnea) throughout the
dive (Seedhouse, 2011), while in SCUBA diving the diver carries a set of SCUBA breathing apparatus
(Self-Contained Underwater Breathing Apparatus) which allows the diver to breathe throughout the
activity.

Respiratory management is another difference between free dive and SCUBA diving. This
impacted on diving duration and risks. In SCUBA diving, the diver can breathe longer, as long as the
breathing apparatus capacity (Putra, Pratama, et al., 2020). Therefore, the dive will last relatively longer.
SCUBA divers are not allowed to hold their breath during the dive and are not allowed to rise to the
surface too quickly to avoid decompression sickness and Pneumothorax (Hall & Hall, 2021; Porcari et
al., 2015). In free dive, the opposite applies. Free divers are not allowed to breathe during the dive, so
they only rely on the limited quantity of oxygen trapped in the lungs and airways. Therefore, the dive
cannot be done for a long time because the diver must immediately return to the surface to breathe before
the oxygen in the lungs and airways runs out. If free divers do not immediately return to the surface
when they run out of oxygen, then the diver has a high chance of experiencing a hypoxic blackout which
d
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can lead to drowning (Pearn et al., 2015). It is very dangerous for divers, but can be prevented with
proper preparation and an understanding of one's own limits.

Due to the high risks of this activity, diving should only be carried out under certain conditions
and with standardized equipment (Sukbar et al., 2016). In addition, diving activities are usually officially
permitted if accompanied by a professional diver (divemaster or diving instructor), and all divers
involved must have an open water diver license issued by an authorized institution. Safety planning and
management should be highly considered prior to diving. Good planning and understanding of self-
ability are very important to minimize the potential risks and to prevent possible accidents. On the other
hand, in free dive, the understanding of self-ability the good planning on diving, especially in terms of
the ability to hold their breath (apnea) is essential. Apnea ability may be the main determining variable
in free diving today. The duration of apnea is sometimes used as a measure of the professionalism of a
free diver.

There are 11 factors might potentially influence the apnea ability of a free diver, namely (1)
diver’s body composition (fat content, muscle mass, amount of body fluids, and so on), (2) hemoglobin
and erythrocyte levels in the blood, (3) blood volume, (4) vital lung capacity, (5) oxygen absorption
throughout the body (VO2max), (6) Resting Metabolic Rate, (7) heart rate, (8) oxygen saturation, (9)
nutritional status, (10) psychophysical relaxation, and (11) environmental conditions (Fernandez et al.,
2017). The physiological component most often considered by free divers and often become the main
assumption in regards to apnea performance is the vital lung capacity (Marongiu et al., 2015). Vital lung
capacity is known to be positively correlated with apnea ability (Schagatay et al., 2007). Therefore, the
greater the lung capacity is, the longer a diver can dive. The greater vital capacity of the lungs allows
the availability of more oxygen in the lungs and airways (Putra, Pratama, et al., 2020). In addition to
vital lung capacity, the body's ability to absorb oxygen (VO2max) which represents an indicator of
fitness is also known to have a correlation with apnea ability. Many argue that the higher the VO2max
value (the fitter) the longer the apnea duration is. However, studies have shown that the higher the
VO2mayx, the shorter the duration of apnea. This is highly possible because when the VO2max value is
higher, the oxygen absorption per minute will also increase which means the body is wasting its oxygen
and its reserves will run out (Putra, Karwur, et al., 2020).

Body composition and apnea ability is also potentially related. The body is composed of various
chemical elements starting from the smallest at the atomic, molecular, cell level, all of which make up
a larger structure to the level of tissues and organs (Sherwood, 2013). To survive, all living tissues of
the human body require and absorb oxygen all the time with varying quantities, tailored to individual
needs (Shete et al., 2014). Currently, there are no studies that provide evidence for the relationship
between body composition and apnea ability, so further research still needs to be done. This study aims
to determine the relationship between body fat level (which is one of the body composition variables)
and the ability to hold breath in free divers. It is hoped that the results of this study can be a reference
for free divers to consider an exercise program and diet management that is oriented towards setting
optimal body composition for free diving.

METHOD

This is an observational analytical study that investigate the relation between body fat level and
apnea duration. A stopwatch with units of seconds is used to measure apnea duration, while bioelectrical
impedance analyzer (BIA) is used to get the percentage of body fat level. BIA is a non-invasive, pain-
free method of measuring the body fat level. This method has been widely used and validated to be used
in various age group such as children, teens, adult and elders (Houtkooper et al., 1996; Vasold et al.,
2019). Muscle mass measurement result using BIA can also be compared with the result of such using
MRI (Magnetic Resonance Imaging) (Oshima et al., 2010).

How to use BIA is to stand bare feet on a metal plate of a scale-like tool, with both hands holding
another metal plate attached to a handle for a few moments. Omron Karada Scan HBF-375 is BIA that
is used in this study. This device works in a similar principal as the one developed by Muthouwali and
team, that measures the electrical current of the body. The electric current used in the Omron Karada
Scan HBF-375 is 50kHz 500pA so that the subject does not feel electrical stimulation and is safe when
used. In addition, the current is also still below the threshold for electric current in the human body of 1
to 5 mA (Muthouwali et al., 2017). Omron Karada Scan HBF-375 only produces 50kHz 500pA
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electrical current hence it is safe to be used (Vasold et al., 2019) and the subject will not experience and
electric stimulation. In addition, the current is also still below the threshold for electric current in the
human body of 1 to 5 mA (Muthouwali et al., 2017).

This study involves 30 participants that match the inclusive criteria of: male, age 18 to 22 years
old, height 160 to 170 cm, in good health, no phobia of swimming pool, no history of cardio respiratory
disease and willing to be the subject of this study as proven by the signing of informed consent form.
The exclusion criteria in this study were having a phobia of pool depths, being in a sick condition or in
the process of being treated and not agreeing to be a subject in this study. This research has passed the
ethical clearance test based on the ethical feasibility certificate number 120/KOMISIETIK/EC/9/2021
issued by Ethics Committee of Universitas Kristen Satya Wacana.

Apnea ability is measured by calculating how long a diver can hold the breath under water. While
in the water, the subject was asked to sit still to minimize body movement and prevent the increase of
heart rate that in turn might result in the increase of oxygen consumption. It can affect the result of apnea
duration measurement. Apnea ability is measured after the subject took one deep breath and entered the
water. This is done in a 1 meter-depth pool to avoid the risk of drowning and prevents panic. This
measurement is carried out repeatedly for 3 times for each subject and the highest / largest result is used.
A minimum of 3 seconds pause between each repetition is given to ensure the normality and stability of
both respiratory and heart rate of the subject. Apnea duration measurement was performed using a
stopwatch integrated into the Casio WS-2000H digital watch.

The data obtained were then tested using the Shapiro-Wilk method to determine the normality of
the data distribution. The data is normally distributed if the p value > 0.05. Then to find out the
relationship between body composition and apnea ability, the Pearson product moment correlation 1-
tailed test was carried out. The data is said to have a correlation if the p value <0.05. To confirm the
relationship between the two variables, a simple linear regression test was also carried out. Statistical
analysis was performed using the IBM SPSS Statistics version 25 software.

RESULT AND DISCUSSSION

The summary results of the descriptive analysis are presented in table 1. The average body fat
value is 18.68 + 0.876% with a maximum value of 29.10% and a minimum value of 11.15%. The mean
of apnea duration was 25.13 + 1.87 seconds with a maximum value of 54.02 seconds and a minimum
value of 9.42 seconds (Table 1). The results of the Normality Test with Shapiro-Wilk (Table 2) stated
that the variables of apnea duration (p = 0.287) and fat level (p = 0.591), it is safe to say that the data
for both variables are normally distributed (p > 0.05).

Table 1. Descriptive Statistic

Mean Maximum  Minimum
Body Fat (%) 18,68+ 0,876 29,10 11,15
Apnea Duration (seconds) 25,13+ 1,870 54,02 9,42

Table 2. Result: Normality Test (Shapiro-Wilk)

Statistic Df Sig.
Body Fat (%) 0,972 30 0,591
Apnea Duration 0,959 30 0,287

Table 3. Result: Pearson Correlative Test

Body Fat
Pearson Correlation -0,611**
Apnea Duration  Sig. (1-tailed) 0,000
N 30

** Significant correlation on level 0,01 (1-tailed)

This study uses 1-tailed Pearson correlation test was performed to establish the correlation
between body fat and apnea duration. The result indicated that there is such a relation (p<0,05). With
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the correlation coefficient value of -0.611, it means that the variables are negatively correlated with
medium strength. This particular test resulted in the indication that the higher the body fat level is, the
shorter apnea duration is. To confirm the relationship that occurs, a simple linear regression test was
performed.

Graphic 1. Data Distribution and Trend
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Table 4. Result: Linear Regression Test

Adjusted Std. Error of
Model R R Square R Square the Estimate Sig.
1 ,6112 374 ,351 8,25004 ,000
a. Predictors: (Constant), Body fat

The result of linear regression test is p < 0.05, therefore the model met the linearity criteria. In
addition, the correlation coefficient value is 0.611 which means that the relationship between body fat
and apnea duration is in the moderate category. Further, the value of 0.374 (37.4%) is obtained from
coefficient of determination. It can be interpreted that body fat levels have 37.4% contribution of
influencing the apnea duration, while the rest 62.6% were determined by other factors such as vital lung
capacity and VO2max (Putra, Pratama, et al., 2020; Putra, Karwur, et al., 2020).

Excessive fat level might affect oxygen quantity in the body (Kapur et al., 2013). It is known that
individuals with obesity experience reduction in components of lung capacity (Melo et al., 2014), hence
the quantity of air is not as optimum as individuals with ideal body proportion. The reduction might be
the result of unnecessary pressure (mechanical effect) in various parts such as respiratory tract, lung or
diaphragm which is caused by the fat accumulation. The said fat deposits can also potentially cause
several respiratory syndromes such as hypoventilation and asthma (Brock et al., 2020). In addition to
fat deposits, it is suspected that blood fat level also contributes to the condition, especially in regards to
cellular respiration and VO2max. Further research is needed to prove the suspicion.

Findings of previous study proved that vital lung capacity possess a strong positive correlation (R
= 0.743) with apnea duration (Putra, Pratama, et al., 2020). Although the percentage is not suggested,
the result of 1-tailed Pearson Correlation test managed to estimate the close relationship. As a result, it
is highly likely that when lung capacity is interrupted, apnea duration will decrease, including the
interruption caused by excess fat deposits.

During a dive, human body deals directly with the consequence of water physics (McArdle et al.,
2009). The pressure increases as the depth is gained. The change of pressure is particularly experienced
by the free divers who performed immersion dive, vertical dive to obtain certain depth; as opposed to
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dynamic dive that is performed horizontally in a rather shallow water. A prior study put forward an
argument that there is a difference in hematology and cardiovascular response on free divers’ apnea
when performed on the water surface and during immersion dive (Schagatay et al., 2007). It is found
that during immersion dive several things happened: spleen contraction, increase of hematocrit and
hemoglobin, decrease of arteries oxygen saturation, increase of blood pressure, decrease of heart rate,
peripheral vasoconstriction and increase of lactic acid (Marongiu et al., 2015; Ostrowski et al., 2012).
Hematology and cardiovascular response might happen due to the change in environmental pressure,
while the increase of lactic acid likely happened due to the anaerob metabolism (Kenney et al., 2015;
Otto et al., 2013; Patel et al., 2017) that is caused by low oxygen level in the blood during apnea. It is
highly suspected that hematology and cardiovascular response influenced the apnea ability of the free
divers. Further research on the area is very potential due to the current limited existing research.

This study measures apnea in sitting still position. It is assumed that the higher the fat level is, the
shorter apnea duration will be when the diver is in moving position, either in immersion or dynamic
dive. According to a study by Roelofs, a swimmer’s performance is not challenged by high body fat
level (Roelofs et al., 2017). However, excessive body fat might cause a problem due to the magnitude
of gravity in the water. Higher level of body fat also caused positive buoyancy which requires greater
effort in a dive, especially in immersion diving. Greater effort needs greater energy for muscle
contraction. In such condition, body metabolism will be faster, therefore, the body will consume more
oxygen per minute resulted in the running out of oxygen reserves in the body. High oxygen consumption
and also high VO2max will lead to the decrease of apnea duration (Putra, Karwur, et al., 2020).

The knowledge that body fat levels is negatively correlated to apnea duration should then bring
awareness to the free divers to watch and maintain ideal body morphology. However, it is also important
to keep the VO2max number low. Ideal body morphology is essentially ideal body composition (fat
content and muscle mass) (Kim et al., 2019). In order to maintain proportional fat content and muscle
mass, regular physical exercise and adequate diet is required. Sometimes, regular physical exercise will
increase VO2max, for example High Intensity Interval Training (Putra et al., 2017). It is important to
note that VO2max should be controlled since it might lessen apnea duration. Currently, there are no
specific guidelines regarding physical exercise programs and proper diet management for free dive
athletes in particular. Further studies need to be carried out to provide these guidelines to support the
performance of the free dive athletes. Apnea is closely related to the rate of oxygen consumption and
oxygen reserve capacity in the body. In principle, the more oxygen reserves in the body (both in the
airways and dissolved in the blood), the longer apnea can be performed. So, the components related to
the storage and distribution of oxygen in the body may need to be trained and optimized. The rate of
oxygen consumption is related to the rate of oxygen distribution which is also influenced by heart rate,
oxygen absorption which also depends on the intensity of muscle contraction at that time and how many
cells absorb oxygen at one time. The more cells that absorb oxygen, and the greater the oxygen
absorption capacity of a cell at a time, then the amount of oxygen reserves available in the body will
decrease faster. In addition, the production and accumulation of carbon dioxide will also occur more
quickly.

How the concept of proper physical exercise for free-diving athletes still needs to be studied more
deeply. Many physical exercise models can generally increase the oxygen storage component (vital lung
capacity, erythrocyte levels, hemoglobin levels, etc.) but usually also increase the body's oxygen uptake
rate (VO2Max, mitochondrial count, muscle mass, and so on). This concept might also be considered
for SCUBA diving. In SCUBA diving, it is also necessary to be able to conserve the breathing air carried
by the diver. The goal is the same, to make diving lasts longer, especially in diving that has a specific
professional purpose. The discovery of the right training model will be very beneficial for the diving
world, especially freediving which is very dependent on the duration of the apnea ability.

Models of breathing and mind exercises such as yoga, pilates, meditation and tai-chi have the
potential to be appropriate exercise models for free divers. In the model of these exercises much
emphasis is placed on controlling the breath, concentration and mind, which can then produce calm and
relaxation of the body. The diver's ability to concentrate and remain calm during a dive may also be
important and can affect dive performance, so these exercises will have a positive impact if performed
by a free diver. Further studies are needed in this regard. In the model of these exercises, muscles are
also trained. Muscles are contracted but not with high intensity and/or contractions that are too strong,
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so the result may not increase the number of cells or the number of mitochondria. If so, then these
exercises can be a potential reference for divers. Further studies are needed to prove it.

Although this study has attempted to prove a negative relationship between body fat levels and
the duration of apnea, there are some limitations to this study that needs to be acknowledged. First, the
measurement of fat content in this study could not distinguish between subcutaneous fat and visceral
fat. Visceral fat has the potential to contribute more because of its location within the trunk and around
organs. Better measurement methods and instruments are needed if similar studies are carried out in the
future. Second, body fat level regarded in this study is the number of total body fat (Mulyawan, 2019).
It is unknown yet whether fat levels per body segment have a different correlation or influence on apnea
performance . Currently, there are many instruments that can measure body fat levels per segment, thus
enabling further research to complement and refine this research.

It is also important to study the hematological variables, given that oxygen is distributed in the
body through the blood (Capanema et al., 2022). Further research on other components of body
composition such as muscle mass, bone mass, hematology and body fluids are highly recommended to
be carried out simultaneously on the same subject. Based on the discussion written by the researcher, it
appears that the potential for further research is still very broad.

CONCLUSION

Body fat level is negatively correlated with apnea duration, indicator of apnea ability in free-dive
sports. However, body fat level does contribute to apnea performance of a free-diver. Therefore, it is
essential for athletes of this particular sports to maintain body composition to optimize the performance,
especially in competition setting.
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