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Abstract

Introduction: In our work, we decided to connect physical activity and hydrotherapy as well
as explore the impact of water-based physical activity on human organisms. We focused on the
effects on physiology and body development. We also analysed studies that research aquatics
activity as a method of treatment. We aim to present scientific evidence about using in-water
activity in prevention and rehabilitation. We believe our synthesis of recent discoveries will
help many medical specialists in their everyday work.

Review method: We analysed the newest research conducted from 2015 to 2024. The studies
were searched in online databases like PubMed and Google Scholar. We focused on the impact
of aquatic physical activity on human development, physiology, and the course of diseases,
especially as a form of preventing and rehabilitating illnesses.

Results: Physical activity in water has a beneficial influence on the cardiorespiratory system
and can be used for both prevention and rehabilitation. What is more, aquatics can be considered
as a method of hypertension treatment. Water exercises can be one of the forms of rehabilitation
after cardiac procedures like percutaneous coronary interventions and even heart transplants.
They are well-tolerated among patients with chronic obstructive pulmonary disease even if
physical comorbidities are present. Swimming can be used as a rehabilitation and even one
form of asthma treatment in the paediatric population. Swimming can improve insulin
sensitivity, glucose control and reduce biomarkers of endothelial activation. What is worth
noticing is the positive impact of water exercises on the cardiovascular system and reduction of
pain and stiffness that lasts in long-term follow-up. There is data suggesting that the water
environment exercises have a beneficial impact on patients with autoimmunological diseases
like ankylosing spondylitis, rheumatoid arthritis and fibromyalgia. Patients suffering from
osteoarthritis can benefit from aquatics as well. A positive impact was observed on the
population suffering from ADHD and autism spectrum disorder. The diving by the
Bathysmed® protocol seems to decrease symptoms of PTSD. The negative impact of intensive
swimming training on mental health was observed and moderate swimming training was fully
enjoyable for young students. Research conducted on the paediatric population shows that
swimming training can benefit motor development. Even short-time swimming can develop
motor skills. One of the studies shows a decrease in body fat and an increase in aerobic capacity
among children with Down Syndrome who were practicing swimming. There were no observed
impacts of aquatics on IgA levels. In contrast to that swimming can improve the level of TNFa
and HSP70. What was relevant in that research is that immunological protein level as well as
response after intervention can be related to genetic variability.

Conclusions: Recent studies show a positive influence on human development, physiology,
and the course of some diseases. They suggest that aquatics can be used as a form of preventing,
rehabilitating and even treatment of some illnesses. The conclusions from recent studies need
to be confirmed in further research because of their limitations.

Keywords: Aquatics, physical activity in the water, cardiovascular system, respiratory system,
obesity, mental health, autoimmunological diseases, rheumatology, development of children,
biochemistry

Introduction

| choose a lazy person to do a hard job. Because a lazy person will find an easy way to do it.
The quote by Bill Gates is a synthesis of human nature which drives our civilisation to the
development of technology. Thanks to this our life is easier and our generation has possibilities
which were impossible a few centuries ago. The dark side of that process which has a poor



impact on our health is the deprivation of physical activity. The movement was a natural way
of functioning for our ancestors. Today it becomes an investment in our health. The scientific
community emphasises the value of physical activity by showing that it reduces the risk of
cardiovascular diseases®. The gravity of the problem is accented by the fact that institutions like
WHO and the EU cover the subject in their documents?4°,

Hydrotherapy is one of the oldest methods of therapy. It was known in many antique cultures
like ancient India, China, and Japan. In Europe the father of medicine- Hippocrates used
hydrotherapy as one of his methods. That tradition was developed through centuries and is still
availing these days.

In our work, we decided to connect physical activity and hydrotherapy as well as explore the
impact of water-based physical activity on human organisms. We focused on the effects on
physiology and body development. We also analysed studies that research aquatics activity as
a method of treatment. We aim to present scientific evidence about using aquatics in prevention
and rehabilitation. We believe our synthesis of recent discoveries will help many medical
specialists in their everyday work.

Review method

We analysed the newest research conducted from 2015 to 2024. The studies were searched in
online databases like PubMed and Google Scholar. We focused on the impact of aquatic
physical activity on human development, physiology, and the course of some diseases,
especially as a form of preventing and rehabilitating some illnesses.

Impact on the cardiovascular system

The influence of swimming on arterial function, muscular strength, and cardiorespiratory
capacity in postmenopausal women with moderate hypertension was examined by Wong et al.”.
It was proved that swimming training 3 to 4 times a week caused significant improvement in
both systolic and diastolic blood pressure (SBP and DBP), arterial stiffness, muscle strength,
and aerobic capacity comparing to no changes in the control group without such training. The
authors concluded that this way of training may be beneficial in preventing and treating
lifestyle-related: vascular disease, decrease of muscle strength and reduction of
cardiorespiratory capacity. It is worth noticing that this study only qualified a specific group of
patients- postmenopausal women with a sedentary lifestyle and stage two hypertension however
outcomes of this trial are promising and can be a starting point for performing research in a
more diverse population.

Lee et al. compared treadmill walking with walking in the water and no exercises groups®.
Examined groups consisted of elderly adults with coronary artery diseases after percutaneous
coronary intervention and with limited movement due to lower limb osteoarthritis. It was shown
that there are no significant differences between the treadmill walking and aqua walking group
in a decrease of percentage body fat, total cholesterol level, resting heart rate and the increase
of cardiopulmonary efficiency. In contrast, significant changes were observed between these
groups and the control group without exercises. The authors stated that walking in the
therapeutic pool can be considered as an alternative way of exercising with patients with
restricted ambulation during cardiac rehabilitation. However, researchers pointed out some
limitations such as a small sample of contestants and difficulties with generalizing the results
to a wider population due to the need for specialized staff and rehabilitation ward to perform
aqua walking. Considering the outcomes, this method of exercise should be recommended as
part of an exercise-based rehabilitation program for patients with coronary artery disease who
are limited by lower extremity osteoarthritis.

Castro et al. performed another trial comparing water and land-based exercises in patients after
a heart transplant®. Outcomes have shown that in clinically stable patients after heart transplant
SBP and DBP decreased with no significant difference between interventions when it comes to
24-hour ambulatory blood pressure measurement. It suggests that water exercises should be



considered as a tool to oppose hypertension in this small but high-risk group of patients.

Limitations of this study were: a small group of patients and a lack of long-term follow-up.
However, it showed that the acute effects of in-water exercise are safe for patients after heart
transplants. We hope that it will provoke multicenter longitudinal RCTs with a wider sample to
confirm the presented results.

Another research by Bocalini et al. examined the acute effects of water ergometry!®. A
comparison of results of land and water exercises showed that 90 minutes after the training
session there was a significantly higher prevalence of post-exercise hypotension in the water-
ergometry group. The hypotensive effect was more visible in untreated hypertensive patients
compared to treated hypertensive or normotensive groups. Exercise in the water was also more
effective in restoring heart rate variability, especially in untreated hypertensive subjects.
Authors suggested that water ergometry can be recommended for blood pressure control and
autonomic modulation to lower cardiovascular risk. However, researchers stated that a larger,
long-term study on a more diverse population should be performed but it seems like water-
ergometry is a highly effective and low-injury strategy to decrease cardiovascular risk.

The respiratory system and pulmonary disease

McNamara et al.!! researched elderly patients with chronic obstructive pulmonary disease and
physical comorbidities undergoing a water-based exercise training programme in a hospital
hydrotherapy pool. Contestants were asked to fill out a questionnaire about their experience.
The results show that aquatic environment and water-based exercise are well accepted and the
majority (89%) of the participants want to continue water-based training. This study suggests
that water environment exercises can be used as physiotherapy in that population. However
because of a small group of examined patients further studies need to be conducted to confirm
that thesis.

Tizar et al. examined the influence of swimming on asthmatic children population (6-18 years).
The examination protocol included free swimming exercises for 60 minutes per session, 3 days
a week for 8 weeks. A study has shown that frequent swimming exercises significantly
improved FEV 1 and FVC among the examined group®2. The authors concluded that swimming
workouts can positively affect asthma treatment and appear to improve the development of
asthmatic children 2, What is worth to notice the researchers aimed to examine the paediatrics.
There is a need for further studies to discover how swimming impacts in broader population.
Obesity

Another asset of the aquatones is their positive impact on obesity and its implications like joint
pain, fatigue, stiffness, insulin resistance, hyperglycaemia, or hypertension. Casilda-Lopez et
al. proved that an 8-week dance-based aquatic exercise program in obese postmenopausal
women with knee osteoarthritis significantly improved function and cardiorespiratory
capacity®®. Moreover, it decreased postexercise heart rate (101/min in baseline vs. 82/min in
posttreatment) and fatigue. It also reduced pain in the experimental group and stiffness. What
should be highlighted, the improvements continued to show significant differences in all aspects
at 3-month follow-up in participants in the experimental group compared with those in the
control group.

In another study a different strategy of swimming training was compared to no intervention
group concerning metabolic syndrome rates in inactive middle-aged women with mild
hypertension. Connolly et al. showed that 15 weeks of low-volume high-intensity intermittent
swim training improves insulin sensitivity, glucose control and reduces biomarkers of
endothelial activation 4.

Although promising impact of aquatones on obesity and its complications, more data should
be investigated because of the limitations of the above studies like small observed groups, only
female patients, and a narrow range of age.



Rheumatology

Soufivand et al. compared the effects of the six-week Aqua Pilates and Aqua Stretch training
program on pain, function, and quality of life in patients with ankylosing spondylitis!®. The
authors observed significant changes in all examined variables except for chest expanding in
the Aqua Stretch group. Quality of life, 6-minute walk test, and Schober flexion increased,
while Bath Ankylosing Spondylitis Disease Activity Index, visual analogue scale of pain,
fatigue and Schober extension showed significant decreases. Similarly, in the Aqua Pilates
group, all the parameters showed significant changes except for chest expansion and Schober
extension. This study pointed out some benefits of water-based workouts for ankylosing
spondylitis patients in the mid-term perspective. Future well-designed studies are needed to
better understand mechanisms and potential interventions to improve patients with ankylosing
spondylitis.

Siqueira et al. performed a randomized clinical trial to examine the effectiveness of in-water
exercises in women with rheumatoid arthritis'®. Muscle strength, disease activity, functional
ability and body densitometry were measured in aquatic exercises, land exercises and control
group. After 16 weeks of intervention, which was performed 3 times a week there were no
significant differences in muscle strength measured by isokinetic dynamometer. Also, body
composition measured by total body densitometry did not show significant changes among the
groups. What is interesting, disease activity (Disease Activity Score- DAS28) and functional
ability (health assessment questionnaire) in the aquatic exercises group significantly improved.
The water-based program provided significant improvement in disease activity, pain, and
functional capacity. In addition, reduction of daily NSAIDs intake and enhancement of patients’
overall perception was observed in water-based group. Therefore, in-water exercises should be
considered as a part of non-pharmacological treatment in patients with rheumatoid arthritis.
Authors pointed out that similar programs have a relatively high dropout rate: approximately
30%'718%9 put in their study, it was only 20%, probably because of high motivation and
individualized approach to the patients provided by a multidisciplinary team.

Another RCT was performed to compare swimming and walking in patients with
fibromyalgia®®. Fernandes et al. randomly divided 75 women into walking and swimming
groups. Both interventions consisted of 50-minute exercise sessions 3 times per week for 12
weeks. In the swimming group the intensity was set at heart rate 11 under the anaerobic
threshold, whereas in the walking group at the anaerobic threshold. The authors did not find
significant differences between the groups regarding pain, functional capacity, quality of life
and aerobic capacity. In both interventions participants experienced improvement in examined
variables. In conclusion, swimming, similar to walking, is a beneficial method for decreasing
pain and improving functional capacity and quality of life in patients with fibromyalgia.

The impact of aquatones on patients with osteoarthritis was observed in recent studies. Rewald
et al. proved that a 12-week aquatic cycling improves self-reported knee pain and physical
functioning in 50-70 years old participants with mild-to-moderate knee osteoarthritis compared
to usual care?. These results are confirmed in other researches. Alkatan et al. compared
swimming and cycling exercise interventions in patients with osteoarthritis. This study proved
that swimming exercise intervention is found to show significant reductions in joint pain,
stiffness, and physical limitations in patients with osteoarthritis. Moreover, participants showed
improvements in functional capacity (increased maximal handgrip strength, isokinetic knee
extension and flexion power) and the distance in the 6-minute walk test. What should be
highlighted, the benefits from swimming exercises were similar to land-based cycling
training?>. Munukka et al. confirmed that progressive aquatic resistance training in
postmenopausal women with knee osteoarthritis significantly decreased the stiffness dimension
in the training group compared to the controls only short term (4 months). However, after the



cessation of the training, the benefit was no longer observed during the 12-month follow-up.
Furthermore, participation in an intensive aquatic resistance training program did not have any
short- or long-term impact on pain and physical function or quality of life in women with mild
knee osteoarthritis, except for short-term decreased stiffness in the training group?. Alonso-
Rodriguez et al. explored the efficiency of hydrotherapy in primary total knee prothesis due to
osteoarthritis in comparison to gym treatment. Higher clinical improvements were observed in
the pool group, with statistically significant differences in pain, stiffness, joint balance, and
muscle strength in the operated knee, and the result of the 6-minute gait test. This study
confirmed that hydrotherapy during the second phase of rehabilitative treatment was more
effective than gym physiotherapy?*. Those studies rough some view of application aquatics in
osteoarthritis out but because of limitations in thease researches like small number of
participants and no diversity amount contestants there is a need for further trials.

Mental health and psychiatry

A randomised study was conducted on treatment alternatives in children with attention deficit
hyperactivity disorder (ADHD). This disorder is considered the most common
neurodevelopmental disorder in children. It is characterized by inattention, hyperactivity and
impulsivity. Treatment can include pharmacological, non-pharmaceutical and multiple
therapeutic approaches. This study proposed a twelve-week recreational swimming program as
an alternative treatment for ADHD. Children with ADHD of varying severity from different
schools were studied. It turns out that the introduced recreational swimming program had a
positive effect on the behavioural, cognitive and academic performance of children with
ADHD. This leads us to believe that swimming exercises can be a useful tool for working with
children with ADHD as one of the alternative therapeutic options®.

Another study addressed the effects of water training on the functioning of children with autism
spectrum disorders. These disorders consist of significant impairments in behaviour and
communication and are caused by multifactorial and neurodevelopmental disorders. They are
detected in early childhood and persist into late life. Children with autism spectrum disorders
also have motor and postural abnormalities and worse coordination and balance than typically
developing children. The following study examined the effects of aquatic exercises and karate
kata on static and dynamic balance abilities in children with autism spectrum disorders. The
study was conducted on a group of children who were divided into training and control groups.
The training group received water exercises and karate kata, while the control group was told
to maintain their current routine. The results show that doing ten weeks of karate training and
water exercises contributes to the improvement of balance abilities. This allows us to conclude
that the introduction of this type of activity in children at school, for example, could help
improve balance abilities in a population of children with autism spectrum disorders?®.
Post-Traumatic Stress Disorder (PTSD) is a chronic condition for which no effective treatment
has yet been found. However, one article has looked at this problem and conducted a study
involving the introduction of a specially designed Bathysmed® mindfulness immersion
program. The Bathysmed® protocol is an innovative form of diving that combines the
experience of diving with psychoeducation in sophrology, including breathing techniques. It
requires concentration, openness to the experience, self-acceptance and care. Focuses on breath
control and body awareness. Consists of 10 group dives over 6 days. Each session consists of
dive theory, psychoeducation, dive exercise review, mental preparation and meditation diving.
For this purpose, the study subjects were divided into two groups. In one, the subjects
participated in a multisport program, and the other in the Bathysmed® protocol. The results
suggest that the Bathysmed® program produces more favourable results in reducing intrusion
symptoms of PTSD after one month than the multisport program. This shows the value of the
Bathysmed® protocol, but further research on this topic is needed?’.

One research paper examined the effects of high-volume training on the mental state of the



competitive swimmers studied. High-volume training is when a participant improves his
aerobic capacity, leading to optimized performance. To study the issue, a randomized controlled
trial was conducted to evaluate the effect of four weeks of swim training on mental state and
swimming performance. All variables were measured before and after training. The study
showed a negative effect of high-volume aquatic training on swimmers' mental state compared
to standard training program. The sudden increase in the training load led to increased anxiety,
which translated into reduced self-confidence 8.

Impact on children's health and development

According to the concept of “embodied cognition” motor development is connected to cognitive
and language processes. Motor development is especially important in early life when a child
interacts and learns from the environment. Baby swimming allows infants to perform
movements that they cannot do on the ground. Although the relations between baby swimming
and motor development has not yet been fully investigated studies by Borioni et al. and Leo et
al. show promising results?*®. In both studies, infants were assigned into a group that regularly
carried out aquatic courses and a control group with no swimming exercises. Borioni et al.
controlled motor development with the Peabody Developmental Motor Scales (2nd edition,
PDMS-2) and cognitive development with core tests of executive functions and Leo et al. used
PDMS-2 for assessment of development. It was shown that children in the experimental group
although younger than the control group showed greater levels of motor development after
swimming training. Notwithstanding those findings are not definitive due to methodological
limitations they seem to support swimming influence on early motor development in infants
and toddlers.

Another research by Karatrantou et al. is a multi-aim trial studying the efficacy of a swimming
lesson, during the physical education course®!. The authors measured the enjoyment of classes
too. The aquaticity was evaluated by protocol proposed by Varveri et al.> Results show that
the short-term swimming program significantly improved aquatics skills. What is more, the
experience of training was highly enjoyable for the participating students (92,2% of students
were satisfied). It seems that swimming classes, even short-term, can prevent drowning among
children and are an enjoyable way of spending time for students.

In another article, researchers focused on the effects of swimming on teenagers with Down
Syndrome. For this purpose, a group of teenagers was divided into two subgroups: training and
control. The training group participated in a special swimming program for 33 weeks, while the
control group maintained normal physical activity. Before the study, none of the controlled
parameters differed significantly between the groups. However, after the experiment, the
differences were noticeable. The training group showed a decrease in body weight, body fat
and BMI, while the control group had a significant increase in these variables. In addition, the
training group showed a marked increase in aerobic capacity, while VO2 max decreased in the
control group. Moreover, after the study period, the training group showed an increase in arm
and trunk strength, as well as increased endurance and functional strength. The swimming skills
of the training group also improved. No such changes were observed in the control group. This
study suggests that the activity program introduced in this group of adolescents may be an
effective way to combat lifestyle diseases, even for those with Down Syndrome®3,
Biochemistry

Studies show that physical activity in older people extends life expectancy, and improves their
physiological status and quality of life. Older people who exercise regularly have better
immunological profiles than older people with sedentary lifestyles. A 2015 study examined
whether hydro gymnastics can improve serum IgA levels in older people. It examined people
aged 60 or older, who were divided into two groups: control and experimental. The
experimental group was treated with hydro gymnastics, while the control group did not perform



these exercises. Unfortunately, there were no significant interactions between the groups and
measurements of IgA34,

In the research by Kotowska et al., the connection between 12-week swimming training and the
level of tumor necrotic factor a (TNFa) and HSP70 was observed®. These parameters are
affiliated positively with lipid peroxidation and antioxidant enzyme activity. Contestants were
selected among healthy young men. It was observed that patients with different IL-6 and HSP70
genes had different baseline levels of inflammatory parameters and prooxidant-antioxidant
status and/or noticed different changes in response to 12-week swimming training. The
intervention seems to reduce the inflammatory process by lowering serum levels of TNFa and
HSP70 without regard the genetic status. Homozygous wild-type genotypes of both IL-6 (GG)
and HSPALA (GG) appear to have lower baseline levels of inflammatory stress markers and
stronger responses to swimming training.

Discussion

The studies which we have taken cognisance of show that physical activity in water has a
beneficial influence on the cardiorespiratory system and can be used for both prevention and
rehabilitation. What is more Wong et al have shown that because of its beneficial impact on the
normalisation of blood pressure aquatics can be considered as a method of treatment’. Bocalini
et al. suggest that water exercise outrival results from land exercises in lowering bood
pressurel®. Another study among the elderly population has shown that this form of intervention
has comparable results as land-based exercises® and broadens the potential method of
physiotherapy. Water exercises can be one of the forms of rehabilitation after cardiac
procedures like percutaneous coronary interventions and even heart transplants®®. Although
promising results of the above studies there is a need for further investigations to confirm that
data.

There are propositions that water exercises are well-tolerated among patients with chronic
obstructive pulmonary disease even if physical comorbidities are present'!. These promising
results show that aquatics can be dedicated to that group of patients especially when other types
of exercises are not possible because of their physical limitations. That study is based on the
subjective feelings of contestants and needs to be followed by studies which model their
conclusions on more objective data. After all that research lays the foundation for further
studies. More objective parameters like FEV 1 and FVC were used in another study which
examined the impact of water exercises on children with asthma®?. It seems that swimming can
be used as a rehabilitation and even one form of asthma treatment in the paediatric population.
Unnecessary, study contains a small examination group (20 contestants) and there is a need for
confirmation by larger studies. Although limitations of that trial it gives hope for new non-
pharmacological method of asthma treatment. There is also a need to check if the same impact
is present in the adult population.

There are suggestions that physical activity benefits patients with obesity. Swimming can
improve insulin sensitivity, glucose control and reduce biomarkers of endothelial activation®.
Those markers are associated with metabolic syndrome and their normalisation can be
promising for dismissing obesity complications. What is worth noticing another trial has shown
that a positive impact of water exercises on the cardiovascular system and reduction of pain and
stiffness lasts in long-term follow-up®®. Though studies need to be continued on a larger
population, the results are promising because, for frequent joint complications in that
population, water exercises are often one of the few rehabilitation methods.

There is data that the water environment exercises have a beneficial impact on patients with
autoimmunological diseases like ankylosing spondylitis, rheumatoid arthritis and
fibromyalgia'®'%?°, There is a need for further investigation but the results are promising
alternatives for rehabilitation. Another group of rheumatologically patients who can benefit
from aquatics are suffering from osteoarthitis?*?22324, Munukka et al. have shown that the



benefits of aquatics are dismissed after cessation of practising?®. That suggests that
rehabilitation in that group of patients should not be stopped. What was revealed in that study
is that progressive aquatic resistance training gives better results than intense resistance. The
results of the research are not harmonious about the superiority of the environment. Alkatan et
al. have shown no difference between water and land exercises while Alonso-Rodriguez et al.
prove the superiority of hydrotherapy over gym physiotherapy among patients with
osteoarthritis after primary total knee prosthesis???4. That disagreement may be provoked by the
variability of exercises in both studies as well as differences between contestants (before- after
orthopaedics intervention). To clarify that polarity further studies need to be conducted.

The recent discoveries show that water exercises can benefit mental health. A positive impact
was observed on the population suffering from ADHD and autism spectrum disorder?°?®, Both
of these diseases can handicap daily functioning and increase quality of life. A new method of
treatment must be possible. To annex aquatics to daily practices s of treatment of diseases there
is a need for conseciutive investigations. The diving by the Bathysmed® protocol seems to
decrease symptoms of PTSD?’. To include that method in the guidelines for treatment of that
disorder further studies need to be conducted. The negative impact of intensive swimming
training on mental health was observed by Chortane et al.?®. It seems that these results may be
connected with physical exhaustion and pressure to better swimming results. Moderate intense
training appears to be safer for mental health. That thesis may be advocated by another study
which shows that moderate swimming training (1 per week for 9 weeks) is fully enjoyable for
young students®?.

Research conducted on the paediatric population shows that swimming training can benefit
motor development?®®, It is important to stimulate the neurological system from an early age
and swimming is one of the opportunities. Despite methodological limitations that research can
be a promising foundation for further investigations. Scientists show that short-time swimming
can develop motor skills®t. That suggests that in this population beneficial results from
swimming training appear rapidly. What is more water activity can be proposed for children
genetically burdened. One of the research shows a decrease in body fat and an increase in
aerobic capacity among children with Down Syndrome who were training in swimming®3. That
significant finding because in that illness many internal medicine complications are present.
Strengthening the cardiorespiratory system can reduce many of them.

Unfortunately, there were no observed impacts of aquatics on IgA levels®. In contrast to that
another study evidences that swimming can improve the level of TNFa and HSP70%®. Those
markers are associated with inflammation and their decrease is beneficial for organisms. What
was relevant in that research is that immunological protein level as well as their response after
intervention can be related to genetic variability. To precisely examine that appearance further
studies need to be conducted

Conclusions

Recent studies show a positive influence on human development, physiology, and the course
of some diseases. It can be used as a form of preventing, rehabilitating and even treatment of
some illnesses. The conclusions from recent studies need to be confirmed in further studies.

Author Contributions

Conceptualization: J.W.;

Methodology: J.W.;

Investigation: P.Z., W.W., W.K., JW, J.B;
Resources: P.Z., WW., W.K., JW, J.B..;

Writing - rough preparation: P.Z., W.K., JW, J.B.;
Writing - review and editing: W.W;

Supervision: JW., W.W., W.K;



Project administration; W.W

All authors have read and agreed with the published version of the manuscript.
Funding

This research received no external funding.

Institutional Review Board Statement

Not applicable.

Statement of Informed Consent

Not applicable.

Conflicts of Interest

The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

Bibliography

1.

10.

11.

Visseren F, Mach F, Smulders YM, et al. 2021 ESC Guidelines on cardiovascular disease
prevention in clinical practice. Eur Heart J. 2021;42(34):3227-3337.
doi:10.1093/EURHEARTJ/EHAB484

WHO GUIDELINES ON PHYSICAL ACTIVITY AND SEDENTARY BEHAVIOUR
AT A GLANCE.

Union PO of the E. Council conclusions on the promotion of motor skills, physical and
sport activities for children. Published online December 15, 2015. Accessed June 3,
2024. https://op.europa.eu/en/publication-detail/-/publication/6d7173dc-a2ff-11e5-
b528-01laa75ed71al

Union PO of the E. ST/14431/2021/INIT, Conclusions of the Council and of the
representatives of the Governments of the Member States meeting within the Council on
lifelong physical activity 2021/C 501 1/01. Published online November 30, 2021.
Accessed June 3, 2024. https://op.europa.eu/en/publication-detail/-
/publication/09ba5847-5bdd-11ec-91ac-01laa75ed71al/language-en/format-
PDF/source-323183973

Union PO of the E. CELEX1, Council Recommendation of 26&amp;nbsp;November
2013 on promoting health-enhancing physical activity across sectors. Published online
November 26, 2013. Accessed June 3, 2024. https://op.europa.eu/en/publication-detail/-
/publication/d3256cec-5cc3-11e3-914b-01aa75ed71al/language-en/format-
PDF/source-323184500

EU Physical Activity Guidelines Recommended Policy Actions in Support of Health-
Enhancing Physical Activity. Published online 2008.

Wong A, Kwak YS, Scott SD, et al. The effects of swimming training on arterial
function, muscular strength, and cardiorespiratory capacity in postmenopausal women
with stage 2 hypertension. Menopause. 2018;26(6):653-658.
doi:10.1097/GME.0000000000001288

Lee JY, Joo KC, Brubaker PH. Aqua walking as an alternative exercise modality during
cardiac rehabilitation for coronary artery disease in older patients with lower extremity
osteoarthritis. BMC Cardiovasc Disord. 2017;17(1). doi:10.1186/S12872-017-0681-4
Castro RE, Guimardaes GV, Da Silva JMR, Bocchi EA, Ciolac EG. Postexercise
Hypotension after Heart Transplant: Water- versus Land-Based Exercise. Med Sci Sports
Exerc. 2016;48(5):804-810. doi:10.1249/MSS.0000000000000846

Bocalini DS, Bergamin M, Evangelista AL, et al. Post-exercise hypotension and heart
rate variability response after water- and land-ergometry exercise in hypertensive
patients. PLoS One. 2017;12(6):e0180216. doi:10.1371/journal.pone.0180216
McNamara RJ, McKeough ZJ, McKenzie DK, Alison JA. Acceptability of the aquatic
environment for exercise training by people with chronic obstructive pulmonary disease

10



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

with physical comorbidities: Additional results from a randomised controlled trial.
Physiotherapy. 2015;101(2):187-192. d0i:10.1016/J.PHYS10.2014.09.002

Tizar E, Erdogan R, Ayhan S, Karabel M, Ensari F. Effect of swimming on respiratory
function test and lung capacity in children with asthma. Rev Gestdo e Secr.
2023;14(10):17215-17223. doi:10.7769/gesec.v14i10.2936

Casilda-Lopez J, Valenza MC, Cabrera-Martos I, Diaz-Pelegrina A, Moreno-Ramirez
MP, Valenza-Demet G. Effects of a dance-based aquatic exercise program in obese
postmenopausal women with knee osteoarthritis: a randomized controlled trial.
Menopause. 2017;24(7):768-773. doi:10.1097/GME.0000000000000841

Connolly LJ, Nordsborg NB, Nyberg M, Weihe P, Krustrup P, Mohr M. Low-volume
high-intensity swim training is superior to high-volume low-intensity training in relation
to insulin sensitivity and glucose control in inactive middle-aged women. Eur J Appl
Physiol. 2016;116(10):1889-1897. doi:10.1007/S00421-016-3441-8

Soufivand P, Gandomi F, Assar S, et al. The effect of a six-week Aqua Pilates and Aqua
Stretch intervention on pain, function, and quality of life in patients affected by
ankylosing spondylitis: A rater-blind randomized controlled trial. J Back Musculoskelet
Rehabil. 2024;37(2):355-367. doi:10.3233/BMR-230077

Siqueira US, Orsini Valente LG, de Mello MT, Szejnfeld VL, Pinheiro MM.
Effectiveness of Aquatic Exercises in Women With Rheumatoid Arthritis. Am J Phys
Med Rehabil. 2017;96(3):167-175. doi:10.1097/PHM.0000000000000564

Mengshoel AM, Jokstad K, Bjerkhoel F. Associations between walking time, quadriceps
muscle strength and cardiovascular capacity in patients with rheumatoid arthritis and
ankylosing spondylitis. Clin Rheumatol. 2004;23(4):299-305. doi:10.1007/S10067-004-
0896-5

Eversden L, Maggs F, Nightingale P, Jobanputra P. A pragmatic randomised controlled
trial of hydrotherapy and land exercises on overall well being and quality of life in
rheumatoid arthritis. BMC Musculoskelet Disord. 2007;8. doi:10.1186/1471-2474-8-23
Sjoquist ES, Brodin N, Lampa J, Jensen I, Opava CH. Physical activity coaching of
patients with rheumatoid arthritis in everyday practice: a long-term follow-up.
Musculoskeletal Care. 2011;9(2):75-85. doi:10.1002/MSC.199

Fernandes G, Jennings F, Nery Cabral MV, Pirozzi Buosi AL, Natour J. Swimming
Improves Pain and Functional Capacity of Patients With Fibromyalgia: A Randomized
Controlled  Trial. Arch  Phys Med Rehabil. 2016;97(8):1269-1275.
doi:10.1016/J.APMR.2016.01.026

Rewald S, Lenssen AFT, Emans PJ, de Bie RA, van Breukelen G, Mesters I. Aquatic
Cycling Improves Knee Pain and Physical Functioning in Patients With Knee
Osteoarthritis: A Randomized Controlled Trial. Arch Phys Med Rehabil.
2020;101(8):1288-1295. doi:10.1016/j.apmr.2019.12.023

Alkatan M, Baker JR, Machin DR, et al. Improved Function and Reduced Pain after
Swimming and Cycling Training in Patients with Osteoarthritis. J Rheumatol.
2016;43(3):666-672. doi:10.3899/JRHEUM.151110

Munukka M, Waller B, Hékkinen A, et al. Effects of progressive aquatic resistance
training on symptoms and quality of life in women with knee osteoarthritis: A secondary
analysis. Scand J Med Sci Sport. 2020;30(6):1064-1072. d0i:10.1111/sms.13630
Alonso-Rodriguez AM, Sanchez-Herrero H, Nunes-Hernandez S, Criado-Fernandez B,
Gonzalez-Lopez S, Solis-Mufioz M. Efficacy of hydrotherapy versus gym treatment in
primary total knee prosthesis due to osteoarthritis: A randomized controlled trial. An Sist
Sanit Navar. 2021;44(2):225-241. doi:10.23938/ASSN.0963

Hattabi S, Forte P, Kukic F, et al. A Randomized Trial of a Swimming-Based Alternative
Treatment for Children with Attention Deficit Hyperactivity Disorder. Int J Environ Res

11



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Public Health. 2022;19(23). doi:10.3390/ijerph192316238

Ansari S, Hosseinkhanzadeh AA, AdibSaber F, Shojaei M, Daneshfar A. The Effects of
Aquatic Versus Kata Techniques Training on Static and Dynamic Balance in Children
with Autism Spectrum Disorder. J Autism Dev Disord. 2021;51(9):3180-3186.
doi:10.1007/s10803-020-04785-w

Gibert L, Coulange M, Reynier JC, et al. Comparing meditative scuba diving versus
multisport activities to improve post-traumatic stress disorder symptoms: a pilot,
randomized controlled clinical trial. Eur J Psychotraumatol. 2022;13(1).
doi:10.1080/20008198.2022.2031590

Chortane OG, Amara S, Barbosa TM, et al. Effect of High-Volume Training on
Psychological State and Performance in Competitive Swimmers. Int J Environ Res
Public Health. 2022;19(13). doi:10.3390/IJERPH19137619

Borioni F, Biino V, Tinagli V, Pesce C. Effects of Baby Swimming on Motor and
Cognitive Development: A Pilot Trial. Percept Mot Skills. 2022;129(4):977-1000.
doi:10.1177/00315125221090203

Leo I, Leone S, Dicataldo R, et al. A Non-Randomized Pilot Study on the Benefits of
Baby Swimming on Motor Development. Int J Environ Res Public Heal 2022, Vol 19,
Page 9262. 2022;19(15):9262. doi:10.3390/IJERPH19159262

Karatrantou K, Stavrou V, Hasioti P, Varveri D, Krommidas C, Gerodimos V. An
enjoyable school-based swimming training programme improves students’ aquaticity.
Acta Paediatr Int J Paediatr. 2020;109(1):166-174. doi:10.1111/apa.14920

Varveri D, Flouris AD, Smirnios N, Pollatou E, Karatzaferi C, Sakkas GK. Developing
and testing an instrument to assess aquaticity in humans. J Bodyw Mov Ther.
2016;20(3):497-503. doi:10.1016/J.JBMT.2015.12.013

Naczk A, Gajewska E, Naczk M. Effectiveness of swimming program in adolescents
with down syndrome. Int J Environ Res Public Health. 2021;18(14).
doi:10.3390/ijerph18147441

Hall-Lopez J, Ochoa-Martinez P, Teixeira AMMB, Moncada-Jiménez JA, Dantas EM.
[Effect of hydrogymnastics physical exercise on serum level of immunoglobulin A in
elderly women]. Rev Chilena Infectol. 2015;32(3):272-277. doi:10.4067/S0716-
10182015000400003

Kotowska J, Jowko E, Cie$linski I, Gromisz W, Sadowski J. IL-6 and HSPA1A Gene
Polymorphisms May Influence the Levels of the Inflammatory and Oxidative Stress
Parameters and Their Response to a Chronic Swimming Training. Int J Environ Res
Public Health. 2022;19(13). doi:10.3390/ijerph19138127

12



