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Abstract  
 

Background: Water creates a hydrostatic pressure on the body when immersed (Bove, 2002). This 

redirects blood to the thoracic cavity leading to an increase in cardiac output (Q̇), stroke volume (SV) 

and a decrease in heart rate (HR)  and blood pressure (BP)  ( Šrámek et al., 2000). The aim of this 

study was to use echocardiography to report the full effects of water immersion. 

Method: Sixteen participants were immersed to the neck in waters of 30°C in three postures (standing, 

sitting and laying) for 20 minutes. BP, HR and a full echocardiogram of the left ventricle was 

performed. This was recreated on land. 

Results:  SV (14.2%), Q̇ (12.5%), and EDV (7.7%) increased and HR (5%), SBP (11.2%), WS 

(12.1%) and DBP (13.9%) decreased (all P<0.05) in water when compared to land. Sitting 

demonstrated the greatest effect on the variables.   

Conclusion: Water immersion displayed favourable adaptations to the myocardium, this is due to an 

increase in venous return stimulating the parasympathetic nervous system and dilating arteries and 

reducing BP and HR. These adaptations encourage the heart to work more effectively at a lower rate, 

improving cardiovascular health.  
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Chapter 1 
 
1.0 Introduction 
 

Title: 'The Effects of Static Water Immersion and Different Postures on the Cardiovascular System in 

Healthy Participants.' 

 

It is understood that water has a higher density than air, creating a hydrostatic pressure on the body 

when immersed (Bove, 2002). Blood from the extremities is redirected to the thoracic cavity as a 

result of the hydrostatic pressure (Lange et al., 1974). Consequently, this results in adaptations such 

as an increase in central venous pressure and heart volume (Arborelius et al., 1972; Schmid et al., 

2006). This is beneficial as an increase in blood circulating within the body is advantageous in 

depositing nutrients and oxygen to the muscles and organs (Wilcock, Cronin and Hing, 2006). These 

adaptations have been widely documented in aiding recovery in high intensity sports (Cochrane, 

2004; Schmid et al., 2006; Ingram et al., 2009; Ascensão et al., 2011; Roberts et al., 2014). 

Regardless of the known shift in blood from the extremities to the heart, there is limited research on 

water immersion, and its effects on the cardiovascular system. The most documented effects of short 

term water immersion are an increase in Q̇ and SV and a decrease in HR,  SBP and DBP (Arborelius 

et al., 1972; Epstein, 1976; Epstein et al., 1981; Šrámek et al., 2000).  

 

Water immersion has the potential to decrease BP, which is key as it is one of the risk factors of 

Coronary Heart Disease (CHD). This is because elevated BP increases strain on the endothelial cells 

(Niebauer and Cooke, 1996; Walther et al., 2008) leading to them becoming damaged and 

compromised. This allows low density lipids (LDL) to build up in the tunica intima, resulting in a 

build of plaque creating a higher resistance and disrupting the blood flow (Marieb and Hoehn, 2016). 

This added resistance, forces the heart to work harder to pump the same volume of blood around the 

body. This can result in the heart being strained beyond its abilities, and if untreated can develop into 

a thrombosis and embolism, completely blocking the flow of blood and starving the muscles cells of 
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oxygen, resulting in a stroke or myocardial infarction (Marieb and Hoehn, 2016). However, reducing 

the friction on the endothelial cells lowers the likelihood of the cells being compromised and 

damaged, this can be achieved by improving BP, SV, Q̇ and EF, because this improvement can 

progress the overall function of the heart and reduce the work load on the myocardium (Frickmh, 

1968; Clasusen, 1969; Varnauskas, 1986).  

 

Research suggests cardiovascular function increases when immersed in water. These elements are vital 

as they all contribute to overall cardiovascular health, therefore promoting favourable cardiac 

modifications, leading to minimising the chance of CHD (World Health Organization, 2005). 

However, these were recorded in a variety of temperatures, depths, durations, postures, and lacks a full 

echocardiographic assessment. Thus, a full echocardiographic assessment could display where the 

improvement in cardiac function lies, whether that is aiding diastolic filling time, preload or contractile 

force.   
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Chapter 2 

2.0 Literature Review  
 
 
2.1 Water Immersion  
 
Water immersion has been widely researched in aiding recovery in all types of sporting activities 

(Cochrane, 2004; Schmid et al., 2006; Ingram et al., 2009; Ascensão et al., 2011; Roberts et al., 

2014). Water has a higher density than air, resulting in an increase in pressure on the body when 

immersed, this pressure is referred to as hydrostatic pressure (Wilcock, Cronin and Hing, 2006; Ayme 

et al., 2013). The hydrostatic pressure condenses superficial veins in the extremities and redirects the 

blood in a cephalad manner to the thoracic cavity of approximately 700ml, with three-quarters in the 

pulmonary circulation and one-quarter in the heart (Meyer and Bucking, 2004; Lange et al., 1974).  

This results in adaptations such as an increase in central venous pressure and heart volume 

(Arborelius et al., 1972; Schmid et al., 2006). This movement of fluids has the potential to increase 

the translocation of substrates from the muscles and decrease peripheral resistance and BP, therefore, 

aiding the body’s ability to recover from exercise (Wilcock, Cronin and Hing, 2006). Regardless of 

the known increase in blood to the heart, the research of water immersion and specifically the 

cardiovascular system is very limited. Most documented effects are an increase in Q̇ and SV and a 

decrease in HR, SBP and DBP (Arborelius et al., 1972; Epstein, 1976; Epstein et al., 1981; Šrámek et 

al., 2000). 

 

2.2 Water Immersion and the Cardiovascular System 
 
Findings indicate that static water immersion demonstrates an increase in left atrial diameter, EF, 

endothelial cell function, peripheral resistance, heart size, SV, Q̇, E/A ratio, EDV and ESV (P<0.05), 

while decreasing, HR, SBP and DBP (P<0.05) (Christie et al., 1990; Cidre et al., 2005; Schmid et al., 

2006; Ayme et al., 2013). Regardless of the wide range of variables impacted, the most documented 

variables are SV, HR, Q̇, SBP and DBP (Lollgen and Nieding, 1981; Weston et al., 1987; Bonde-

Peterson et al., 1992; Farhi, Linnarsson, 1997; Gabrielsen et al., 2000; Waterpaugh et al., 2000; 

Šrámek et al., 2000; Shiraishi et al., 2002; Wilcock, Cronin, and Hing, 2006). However, most studies 
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have measured these variables using gas re-breathing, limiting the number of variables that can be 

measured. This technique has been suggested as unreliable according to Damgaard and Norsk (2005) 

as it underestimates Q̇ due to there being no re-breathing gas in the alveoli before the start of re-

breathing.  Therefore, this technique could display invalid results in patients with irregular alveolar 

gaseous exchange. Instead, the use of an echocardiogram allows the full potential of water immersion 

to be observed as it can measure a greater number of cardiac variables. WS have not been documented 

within water immersion; thus, the potential outcome is unknown.   

 

Cidre et al. (2005) investigated the effects of water immersion on the cardiovascular system and 

measured HR, SV, Q̇, EF, left ventricle volumes, EDV, ESV and E/A ratio with the use of an 

echocardiograph on 13 participants, 12 males and 1 female (72±3yrs, 74±5.3kg and 178±4.5cm). It 

was reported that immersion to the xiphoid in waters of 33-34° decreased HR (76  b·min−1 to 59  

b·min−1), while increasing SV (48ml to 79ml), Q̇ (3.5 L·min−1 to 4.6L.min-1) and EDV, ESV (67ml to 

100ml, 30ml to 40ml), while reporting no changes in BP. During immersion heart volume has been 

reported to increase by 180±61ml, with 50% of blood volume held in all four chambers of the heart 

(Lange et al., 1974; Risch et al., 1978). As a result of this,  preload is greater when immersed, and left 

ventricular EDV is increased, this in turn would increase SV by the Frank-Starling mechanism (Park 

et al., 1999).  

 

The use of echocardiography has been a certified method of assessing cardiac function at rest and 

during exercise on land (Miles & Gotshall, 1989; Huang et al., 1990; Castor et al., 1994) and water 

(Shiraki et al., 1986; Cidre et al., 2005). Regardless of this, the majority of the studies investigating 

water immersion do not use an echocardiogram, instead they are using a gas re-breathing method 

(Begin et al., 1976; Gabrielsen et al., 1993; Keskinen et al., 2003; Schmid, et al., 2006). This 

technique could display invalid results in patients with irregular alveolar gaseous exchange. Whereas, 

the studies that used echocardiography range from 1987 to 2013, the technology and temporal 
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resolutions of echocardiography has greatly improved in the 20 years since these investigations 

(Nagueh and Quiñones, 2014).  

 
2.3 Exercising in Water  

There are studies that compare the effects of water and land exercise on the cardiovascular system; 

Christie et al. (1990) explored the effects of cycling in water and on land at different percentages of 

V�O2max (40, 60, 80 and 100%) in healthy male participants (21-35yrs, 1.94±0.06m and 76±2kg). 

Participants were immersed to their chest in a sitting posture, in water of 26±0.5ºC. LV volumes 

increase when exercising at 40 and 60% of V�O2max in water, EDV increased by 22-26% when 

compared to exercising at the same intensity on land. There was a 30% rise shown in ESV during 

40% and 60% V�O2max in water than on land. HR significantly decreased by approximately 12  b·min−1 

when exercising at 60% and 7  b·min−1 at 40%. Q̇ increased at all intensities of exercise. Stroke index 

increased by approximately 30% in exercise of 40, 60 and 80% of V�O2max in water when compared to 

land. There was no reported difference in arterial SBP between the two trials. These variables were 

measured using echocardiography; however, this was conducted 29 years ago, the technology and 

temporal resolutions of echocardiography has greatly improved in the 20 years since these 

investigations (Nagueh and Quiñones, 2014). Although, positive adaptations to the cardiovascular 

system can be noted. This is important as a decreased in HR while exercising in water than on land, 

implies that the heart was able to maintain the demand for oxygen at a lower rate, thus, working more 

effectively than on land.  

Similarly, Cidre et al. (2005) studied the effects of exercise in water (WE) to rest in water (WI) on the 

cardiovascular system in 13 healthy male participants (72±3yrs, 74±5.3kg and 178±4.5cm). 

Participants were in water of 33-34ºC in a sitting posture immersed to the chest. The exercise protocol 

was seated reciprocal unilateral knee-extensions consisting of 60 extensions per minute. It was 

documented that there was a significant increase in HR (62  b·min−1 versus 59  b·min−1), DBP 

(84mmHg versus 82mmHg) and a significant increase in SBP (152mmHg versus 149mmHg) in WE 
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compare to WI. A significant increase in Q̇ was reported (5.1L. min-1  versus 4.6 L. min-1). Without a 

full echocardiographic assessment, the full benefits of exercise in water could not be observed. 

Furthermore, both Cidre et al. (2005) and Christie et al. (1990) only positioned participant in sitting 

posture, resulting in the body being deeper in shallow waters, whereas standing has the potential to 

subject the body to more hydrostatic pressure due to the increase in depth. This study is difficult to 

conclude as they compare exercise data to resting measures. 

2.4 Water Temperature  
 
Park, Choi and Park (1999) explored the effects of water immersion to the neck at different 

temperatures (30 and 34˚C) on cardiovascular function using an echocardiogram. Ten male 

participants ( 22.6±0.4yrs, 127±1.7cm, and 68.2±2.1kg) with no history of cardiovascular disease 

were immersed for 1 hour.  It was reported that immersion in water of 30˚C displayed a greater 

improvement than waters of 34˚C in the following functions; SV (108ml versus 99ml), EDV (169ml 

versus 153ml) and a decrease in HR (73 b·min−1 versus 63 b·min−1). Q (7.2L·min−1 versus 6.8L.min-

1), SBP and DBP (124mmHg versus 121mmHg) and arterial diastolic pressure (85mmHg versus 

78mmHg) were significantly improved in immersion of 34˚C compared to 30˚C. However, it should 

be noted that these variables were not measured using echocardiography, but calculated; EDV were 

calculated by  SV/EF·100, EF was calculated using an equation conveyed by Capan et al. (1987) by 

estimating EF based on systolic time interval ratio, SV was calculated by the Sramek-Bernstein 

equation (Bernstein, 1986). The only variables measured directly, were BP and HR through the use of 

automatic blood pressure machine. Waters of 34˚C could stimulate the onset of tachycardia; 

increasing HR and therefore reducing SV, due to the shortened time for diastolic filling (Weston et 

al., 1897; Wilcock, Cronin & Hing, 2006). This can be observed in the aforementioned study as 

waters of 34˚C  increased HR and decrease SV in comparison to waters of 30˚C. Nevertheless, these 

results imply that different temperatures have different effects on myocardial function. These findings 

could result from tachycardia; increasing HR and thus, SV due to shortened time for diastolic filling 

(Weston et al. 1897). 
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Further to this, Šrámek et al. (2000) explored the effects of 1 hour static immersion in waters of 32˚C, 

20˚C and 14˚C on 10 male participants (22.2±2.4yrs and 81±8.2kg). It was reported that in waters of 

32˚C there was a significant decrease in HR of 9  b·min−1, SBP of 12mmHg and DBP of 8mmHg. 

Compared to waters of 20˚C which reported a significant decrease in HR. Whereas, 14˚C unchanged 

HR, SBP and DBP nonsignificant decreased, although it should be noted that immersion at and 14 ˚C 

could be considered to stimulate light exercise as the participants were shivering. Therefore, 

suggesting different temperatures have different effects on cardiovascular system although the trend 

from the above studies is that waters of 30-32˚C display favourable cardiac adaptations than colder 

(14˚C-20˚C) or hotter (34˚C) waters. However, the supporting studies did not use echocardiography to 

measure the variables, as Park, Choi and Park (1999) used calculations and Šrámek et al. (2000) did 

not report a wide range of variables, leading to the effects of different water temperatures being under 

researched.  To further this, both studies used 10 participants, small sample groups potentially lack 

statistical power.  

 

Physiological responses can be altered by different water temperatures, it has been frequently 

documented that cold-water (<18°C) exposure can induce tachycardia within the first 2-3 seconds of 

immersion (Keatinge & Evans 1961; Cooper, Martin & Riben 1976; Golden & Tipton 1988). To a 

healthy individual this is a minor health risk, however to a coronary heart disease patient this could be 

critical. As blood flow is already restricted, diastolic filling time is reduced, decreasing coronary 

blood flow and in turn increasing the workload of the myocardium (Tipton, 1989). This stimulates 

vasoconstriction of the coronary arteries and increases blood pressure and the probability of a vessel 

rupture or aneurysm (Tipton, 1989; Wilcock, Cronin & Hing, 2006). Similarly, hot water (>34°C)  

immersion can cause stress on the cardiovascular system, by increasing HR and reducing SV, due to 

the shortened time for diastolic filling (Weston et al., 1897). This can induce hypotension, ectopic 

beats, tachycardia and in extreme circumstances death (Wilcock, Cronin & Hing, 2006). This can be a 

serious risk to any individual, regardless of cardiovascular health. Whereas, thermoneutral water (30-

33°C) immersion has many health benefits for the cardiovascular system, for instance, increased SV, 
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EF, Q̇, EDV while decreasing HR and BP (Park, Choi and Park 1999). This decreases the effort 

necessary to circulate blood around the body, while increasing the efficiency of the heart (Arborelius 

et al., 1972; Gabrielsen, Johansen, & Norsk, 1993).  This can be beneficial to all individuals. The 

research discussed in the systematic review written by Wilcock, Cronin and Hing, (2006) conveys that 

majority of the research investigating water immersion focuses on thermoneutral water, to eliminate 

the above risks associated with extreme water temperatures.  

  

2.5 Water Immersion Depth 
  
Depth and pressure have a proportional relationship, the greater the depth of water the greater the 

water pressure therefore, the deeper the body is immersed, the more water pressure there is on the 

body. Immersing a participant in 1m of water will subject them to 73.58mmHg of pressure, increasing 

the depth to 2m will exert 147mmHg of pressure on the body. The relationship increases with a linear 

pattern (Wilcock, Cronin and Hing, 2006).  

 

A study by Ayme et al. (2013) immersed 12 male participants (34±8yrs, 175±6cm and 70±12kg) in 

water to the xiphoid process for 1 hour. The findings showed a significant difference in SV (61 ± 

3.5ml to 80 ± 6ml), Q̇ (3.5 ± 0.8ml to 4.4± 1.3ml), systemic vascular resistance (SVR) (1671 ± 81mm 

Hg.L-1.min-1 to 1447 ± 63 mm Hg.L-1.min-1) in water when compared to land. This increase in blood 

flow due to the hydrostatic pressure, is linked to the dilation of the left cardiac cavities, displaying 

myocardial wall stretching during immersion. This leads to an improvement in ventricular diastolic 

filling, and in turn increases cardiac preload and SV through the Frank Starling mechanism (Sheldahl 

et al., 1984; Epstien et al., 1989; Ayme et al., 2013).  

 

Different depths of immersion; hips, xiphoid and neck effect the cephalad shift of blood differently, 

resulting in diverse outcomes in cardiac function. It has been reported that immersion to the hips 

decreases HR by 4-6% (Farhi, Linnarsson, 1997; Lollgen and Nieding, 1981; Wilcock, Cronin, and 

Hing, 2006).  HR decreased by 11-18% when the immersion depth was increased to the xiphiod 
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(Farhi and Linnarsson, 1977; Lollgen et al., 1981; Weston et al., 1987; Bonde-Peterson et al., 1992; 

Gabrielsen et al., 2000; Waterpaugh et al., 2000; Gabrielsen et al., 2002; Wilcock, Cronin, and Hing, 

2006). However, when increasing the level of immersion to the neck, HR did not decrease further, 

only decreasing by 3-15% (Farhi and Linnarsson, 1977; Arboreluis et al., 1972; Lollgen et al., 1981; 

Johansenm et al., 1997; Park, Choi and Park 1999; Gabrielsen et al., 2000; Šrámek et al., 2000; 

Shiraishi et al., 2002; Yun, Choi and Park 2004; Wilcock, Cronin, and Hing, 2006). Thus, suggesting 

that the relationship between HR and immersion does not continue in a linear pattern, this is 

investigated by both Farhi and Linnarsson (1977) and Lollgen et al., (1981). 

 

Farhi and Linnarsson (1977) immersed 6 males (25-35 yrs) in different depths of water in 

thermoneutral waters of 32-35°C and reported the effects on the cardiovascular system. It was 

documented that HR decreased by 3.9% when immersed to the hips, increasing immersion to the 

xiphoid showed a greater decrease in HR of 10.5% in water compared to land. However, this trend did 

not continue in linearly, as immersion to the neck decreased HR by 6.6% in water when compared to 

land, which is a lower percentage observed in immersion to the xiphoid. This is further supported by 

Lollgen et al., (1981) who documented a significant decrease in HR of 5.7%, increasing immersion to 

the xiphoid displayed a greater decrease in HR of 11.4%. Increasing the depth to the neck decreased 

HR by 11.4% which is the same as observed when immersed to the xiphoid. Supporting the statement 

that increasing the immersion depth does not increase in the impact on the cardiovascular system. It 

would be assumed that by increasing the immersion depth there would be an increase in the 

hydrostatic pressure, however, this was not observed (Epstien, 1976). This could be attributed to the 

Bainbridge reflex, which increases HR through the stimulation of atrial stretch receptors, as a result of 

the increase in central blood volume due to the greater pressure of deeper immersion (Hakumaki, 

1987). This increase in HR has the potential to decrease SV due to a shortage of cardiac filling time 

(Wilcock et al., 2006). 
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Wilcock, Cronin and Hing (2006) reviewed studies investigating water immersion and different 

depths on SV, Q̇ and HR see below (Table 1). 

 

Table 1. Water Immersion versus Land on HR, SV and Q (P<0.05, unless NS displayed) as taken 
from Wilcock et al. (2006) 

Study Number of 
participants 
(n) 

Depth Temperature 

(°C) 

Immersion 
duration 
(min) 

Change 
in HR 
(%) 

Change in 
SV (%) 

Change 
in Q̇ (%) 

Farhi and 
Linnarsson 

(1997) 

6 males Hips - - -3.9 11.9 14.0 
Xiphoid -10.5 64.2 48.0 

Neck -6.6 79.1 66.0 
Löllgen et 
al. (1981) 

- Hips - - -5.7 37.0 29.2 

Xiphoid -11.4 67.1 48.1 
Neck -11.4 79.5 59.1 

Weston et 
al. (1987) 

9 males  
7 females 

Xiphoid 33 15 -11.0 50.0 32.6 

Gabrielsen 
et al. (2002) 

 Xiphoid - 10 - 14.1 38.7 19.1 

Park, Choi 
and Park 
(1999) 

10 males  Neck 30 60 -15 69 44 
34 -1.3 NS 55 53 

Arboreluis 
et al., 1972 

 Neck - 10 -3.3 NS 28.3 28.9 

Shiraishi et 
al. (2002) 

10 males  Neck 34 30 -8.6 62.1 52.4 

 

As displayed above, increasing the immersion depth of the participants improved SV and Q̇ in a 

linearly, resulting in an enhanced cardiac performance and function. Whereas, the relationship 

between HR and depth did not increase in a linear pattern. The effects of different depths on EDV, 

ESV, EF, BP, WS have not been widely researched. Research in these variables are vital as they all 

contribute to overall cardiac function, knowing the response these have under water can be critical in 

understanding the benefits of water immersion and where it can be implemented. 

 
2.6 Water Immersion Duration 
 
The duration of immersion differs across studies, ranging from 5 minutes to 1 hour. Johansen et al. 

(1997) immersed 6 participants (24±1yrs, 85.6±5 kg and 1.89±0.03 m) for 30 minutes in water of 
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34°C. They reported a nonsignificant decrease in HR after 5 minutes of immersion. This supports the 

work of Risch et al. (1978) who found the effect of water immersion on the cardiovascular system 

were near immediate, with an increase in cardiac function occurring within six heart beats of 

immersion.  Johansen et al. (1997) recorded HR again at 10 minutes of immersion and a significant 

decrease in HR was observed of 8.6% (53±3  b·min−1) when compare to land. Although, it should be 

noted the small sample size could have attributed to the non-significant outcome of results of the 5 

minutes immersion.  

 

To support this further, a significant improvement was reported in the HR, SV and Q when studies 

immersed their participants for a minimum of 10 minutes (Wilcock, Cronin and Hing, 2006). 

Moreover, 10 minutes was the shortest duration of immersion that found significant differences in the 

variables; an increase in SV, EF, Q̇ and a decrease HR (Arboreluis et al., 1972; Johansen, 1997; 

Gabrielsen et al. 2000a; Gabrielsen et al. 2000b). This is reinforced by Šrámek et al. (2000) who 

stated that within the first 10 minutes of immersion, a shift in vasomotor activity begins and then for 

the rest of the immersion is stable. It should be noted that Yun et al. (2004) immersed 6 female 

participants (55±1.6yrs, 158±2cm and 23±4.5kg) for 20 minutes and reported non-significant 

differences in HR. This could be attributed to the participants being female and Korean, whereas most 

of the research is European male dominated. Natori et al. (2006) reported that LV function 

particularly EDV are less in women 109.2±22.5ml than seen in men 142.2±34.0ml  at rest, ESV with 

men reporting an average of 47±19.4ml to women of 30.9±9.5ml, SV in men 94.8 ± 21.3ml and 

women 78.2 ± 17.0ml, left ventricle mass (LVM)  in men 163.8 ± 35.8g and women 113.6 ± 24.2 and 

Q̇ in men 5.6 ± 1.2 L.min-1and women 4.9 ± 1.1 L.min-1. Whereas, EF was higher in women 71.8 ± 

5.6% than men 67.2 ± 7.2%. It was also documented that age can impact cardiac function, as studies 

have observed a deceleration in physiological responses as patients get older (Ueno, Hamada, & 

Moritani, 2002; ; Leicht, Allen, & Hoey, 2003; Wood, Hondzinski, & Lee, 2003). Regardless of this, 

there are significant differences in cardiac function between males and females, this could display 
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different cardiac responses to water immersion. Regardless, of this known different between the sexes 

there is a lack of research in water immersion and females.  

 

Additionally, Gabrielsen et al. (2002) immersed 9 healthy males (20±29yrs, 182±1cm and 79±4kg) in 

waters of 34°C for 10 minutes. It was reported that HR significantly decreased from 67±2  b·min−1  to 

59±2 b·min−1, Q̇ from 6.4±0.2 L·min−1 to 6.1±0.2 L·min−1 and SV increased from 63±2ml to 95±5. 

This support the theory that 10 minutes immersion time allows for the full effects of water immersion 

on the cardiovascular system to be observed and documented.  

 

In contrast to this, Ayme et al. (2013) immersed participants for 1 hour in thermoneutral waters 

(32°C) and reported significant differences in stroke volume from 61±3.5ml to 80±6ml and Q̇ from 

3.5±0.8 L·min−1 to 4.4±1.3 L.min-1. Moreover, Šrámek et al. (2000) also immersed their participants 

for 1 hour in thermoneutral waters (32°C) and reported a significant decrease in HR of 9  b·min−1 and 

SBP by 12mmHg and DBP by 8mmHg between land and water. This could be a result of different 

ethnic and age groups being used, referring back to the work of Natori et al. (2006). Regardless of 

this, there was not more of an impact on the results due to the increase of time immersed. Wilcock et 

al. (2006) suggested guidelines of a minimum of 10 minutes to document an improvement in cardiac 

function, mainly HR, BP, SV and Q̇ (Johansen, 1997; Gabrielsen et al., 2000a; Sramek, 2000; 

Gabrielsen et al., 2000b; Gabrielsen et al., 2002). This is an adequate duration of time as the effects of 

water immersion occur within six heart beats of immersion (Risch et al., 1978). It can be concluded 

that the effects of water immersion can be documented within a minimum of 10 minutes, as there is 

no recorded benefit to an increased (>10 mins) immersion time. 

 
2.7 Water Immersion and Posture  
 
Body posture during water immersion can alter the shift in blood, potentially having different effects 

on cardiovascular function (Keskinen et al., 2003).  Most studies reported participants either sitting 

(Christie, et al., 1990; Park, Choi and Park, 2004; Ayme, et al., 2013) or standing (Cidre et al., 2005). 
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Christie et al. (1990) used 10 male participants (21-35 yrs and 76±2kg) whom were regularly 

physically active. The participants were immersed in a seated position for 10 minutes and a  reported 

no change in HR and a significant increase in EDV (33.7±3.1ml on land and 51±2.7ml in water, ESV 

(11.4±1.2ml on land and 14.2±1.5ml in water), EF (66.1±1% on land and 72±2% in water), Q̇ 

(2.9±0.1 L·min−1 on land and 5.0±0.4 L·min−1 in water), and SV (41±3ml on land and 74±8ml in 

water) were observed. 

 

Cidre et al. (2005) immersed 13 healthy participants (72±3yrs, 74±5.3kg and 178±4.5cm) participants  

in a standing position, and reported a decrease in HR (76  b·min−1 on land and 59  b·min−1 in water), 

an increase in EF (55% on land and 59% in water), ESV (30ml on land and 40 ml in water), EDV 

(67ml on land and 100ml in water), SV (48ml on land and 79ml in water) and Q̇ (3.5 L·min−1 on land 

and 4.6 L·min−1 in water). Therefore, in this instance immersion in a standing position had a greater 

effect on the variables when compared to sitting. The reason for this is unknown although it has been 

linked to the different in depths from standing to sitting. Comparing these studies is difficult as the 

age difference between the participants used is approximately 40 yrs, thus, age related cardiovascular 

deterioration would have taken effect in the older population (Akhlaghi et al. 2016). Furthermore, 

they were conducted 16 years apart, and the advancements in echocardiography especially in temporal 

resolution has improved greatly since these studies (Nagueh and Quiñones, 2014).   

 

Lange et al. (1974) suggested that heart volume increased when standing in water as opposed to 

laying. This was further investigated by Keskinen et al. (2003) who subjected 12 participants (6 males 

and 6 females aged 19-24 yrs) to changing postures at 4 minute intervals (standing and laying) in 

water. It was concluded that in the supine position there was a no difference in HR, whereas there was 

a significant difference in HR in the standing position (83 b·min−1 on land and 64 b·min−1). 

Therefore, supporting the hypothesis that different postures while immersed in the water effect 

cardiovascular responses differently. This is aids understanding the different effects of water 
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immersion on postures provides the knowledge of whether swimming, water aerobics or underwater 

cycling could be more beneficial on cardiac function.  

 

The same effect of posture on the cardiovascular system, has been found on land, and could therefore 

be attributed to gravity. Keskinen et al. (2003) investigated differences in HR when sitting, standing 

and laying on dry land, it was reported that HR was at its lowest when laying (61 b·min−1). This could 

be attributed to the decrease in cardiovascular resistance against gravity leading to a decrease in HR, 

SV and Q̇ in a laying position (Bera et al., 1998). Whereas, it was reported that during standing HR 

increased to 83 b·min−1 as opposed to the decrease in HR to 71  b·min−1 while sitting. Moreover, 

Watanbe et al. (2007) investigated the effect of body position on autonomic regulation of 

cardiovascular function. Sitting and supine laying were compared to a prone posture, to determine 

whether solely laying reduced HR and BP as opposed prone or supine. It was observed that when 

comparing prone and supine posture BP and HR was significantly increased in prone as opposed to 

the decrease seen in supine. A similar trend was reported when comparing prone to sitting, as BP 

increase in the prone posture, whereas, HR significantly decreased in the prone posture. This is 

contradicted by Šipinková et al. (1997) who observed the mean HR in supine participants was 

significantly lower (67.5±1.2 b·min−1) compared to the sitting (75.2±1.6  b·min−1). It was found that 

BP increased in the sitting trial (SBP 120mmHg, DBP 80mmHg) compared to the laying trial (SBP 

115mmHg, DBP 70mmHg. The different results produced by the two studies could be attributed to 

gravity and its effects on the body from sitting to laying (Bera et al., 1998). Furthermore, Watanbe et 

al. (2007) used 9 males and 6 females, whereas, Šipinková et al. (1997) used 6 males and 1 female, 

this is important as there is research to suggest that males and females have different resting HR and 

BP (Rabbia et al., 2002). Specifically, males have higher BP and a lower HR than females, thus, the 

difference in the results could be attributed to the sex than makes up majority of the population. 

Moreover, Šipinková et al. (1997) had a total of 7 participants potentially lacking statistical power. 
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2.8 Sex and the Cardiovascular System  
 
There are many anatomical differences between males and females, Rabbia et al. (2002) conveyed 

that males have higher SBP and lower HR than females. An explanation for this was that naturally 

males have a larger heart than females by approximately 15-30%, this implies that an increase in size 

of the heart size allows the heart to eject more blood allowing for the decrease in HR and increase in 

SBP (de Simone et al., 1995; Huxley, 2007). Echocardiography has been used to establish that 

females display increased diastolic function when compared to males (Grandi et al., 1992). Callister, 

Johnson and Seals (1993) used micro-neurography to determine that sympathetic nerve activity is 

higher in males than females at rest. This is further investigated by Dart and Kingwell (2002) who 

demonstrated that males have increased sympathetic activity and females have an increase 

parasympathetic activity (Madden and Savard, 1995; Yamasaki et al., 1995; Kneale et al., 1997). This 

is important as water immersion stimulates a decrease in HR, BP and increase in SV and Q̇, thus, 

suggesting that water immersion facilitates the parasympathetic system and supresses the sympathetic 

system (Christie et al., 1990; Park, Park and Choi 1999; Cidre et al., 2005) . 

 
More specifically, Natori et al. (2006) reported that LV function are less in women than man at rest. 

Particularly, EDV average at 142.2±34.0ml for men in contrast to 109.2 ± 22.5ml for women, ESV is 

47 ± 19.4ml for men and 30.9 ± 9.5ml for women, SV in men 94.8 ± 21.3ml and women 78.2 ± 

17.0ml, LVM in men 163.8 ± 35.8g and women 113.6 ± 24.2 and Q̇ in men 5.6 ± 1.2 L.min-1and 

women 4.9 ± 1.1 L.min-1. Whereas, EF was higher in women 71.8 ± 5.6% than men 67.2 ± 7.2%. It 

was also documented that ethnicity and age impact cardiac function. This is important as there are 

significant differences in cardiac function between males and females, this could display different 

cardiac responses during water immersion. Regardless, of this known different between the sexes 

there is a lack of research in water immersion and females.  

 
Waternpaugh et al. (1999) observed no sex specific effect on the cardiovascular system in relation to 

water immersion. No significant differences were documented in HR and endothelin. However, male 

BP surpassed females’ pressure by ~8-12 mmHg and atrial diameter increased slightly more for males 
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(28%) than females (25%) during immersion although it was not significant. It was concluded that sex 

has no effect on the cardiovascular function in water immersion, however, blood pressure was 

significantly different. This is further supported by Keskinen et al. (2003) who stated that there were 

no sex specific effects on the cardiovascular system during water immersion. These studies measured 

minimal cardiac function; however, this could potentially change when the full effects of water 

immersion are documented.  

 

Endurance training (ET) is necessary in order to increase maximal oxygen consumption (V̇O2max )and 

this is reflective of good cardiovascular health and a decrease risk of mortality. ET is beneficial as it 

promotes structural and functional alterations to the myocardium (Belardinelli et al., 2012; Mandsager 

Iet al., 2018). Howden et al. (2015) reported a longitudinal study including 7 men and 5 women, it 

was observed that females displayed a reduced VO2max response to ET. This could be due to females 

being less prone to ET induced cardiac remodelling (Diaz-Canestro and Montero, 2019). This is 

supported by Diaz-Canestro and Montero, (2020) who examined 26 studies evaluating the effects of 

ET on left ventricle structure and function in 468 healthy untrained males and females. It was 

concluded that left ventricle alterations in response to ET were not observed in woman in comparison 

to men. More specifically, there is evidence to suggest that females reported decreased left ventricle 

dimensions, LVM and SV in relation to VO2max when compared to men (Whyte et al., 2004; Biao et 

al., 2007; D'Andrea et al., 2010) . Therefore, adaptations of the left ventricle are sex-dependant.  

 

Tenan et al. (2014) investigate the effects of heart rate variability on the menstrual cycle on 13 

eumenorrheic woman (aged 20-31yrs, height 166.2cm and weight 66.5kg). There 5 data collection 

points were early follicular, late follicular, ovulatory, midluteal and late luteal phases. It was reported 

that HR increased, and variability decreased throughout the menstrual cycle, which could be owed to 

a decrease in parasympathetic activity. This is in agreement with McKinley et al. (2009) and Girija & 

Veeraiah (2011) who both reported an increase in HR and decrease in variability in the follicular and 

luteal phases. An explanation for the increase in HR could be a result of the secretion of progesterone 

potentially increasing the plasma volume which in turn decreases the parasympathetic response, thus 
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increasing the workload of the heart (Godbole, Joshi and Vaidya, 2016). This is important because it 

has been determined that the menstrual cycle can impact the biological markers, potentially increasing 

the chance of measurement error in contrast to postmenopausal females and males. Therefore, 

misleading research and decreasing the accuracy and reliability of the research (Schisterman, 

Mumford and Sjaarda, 2014).  More specifically, during the follicular stage females displayed 

increased cholesterol levels in contrast to the luteal phase (14.3% vs. 7.9%). Equally, more females 

were categorised as being at an increased risk of cardiovascular disease during menses in comparison 

to the other phases (12.3% vs 7.4%). Cogitating the menstrual cycle into the research design is vital in 

increasing the understanding and accuracy of the data produced in the journey to reduce 

cardiovascular disease in women (Schisterman, Mumford and Sjaarda, 2014). This is further 

supported by Godbole, Joshi and Vaidya (2016) who reported that during the premenstrual phase 

there was a significant increase in pulse and respiratory rate, conveying the efficiency of the cardio-

respiratory system is reduced in the premenstrual phases.  

 
2.8.1 Blood Pressure Regulation and Sex  
 

It is vital that the body regulates BP in order to sustain enough pressure to ensure appropriate 

perfusion of organ and tissues, however, not so high that it can cause arterial injury. This is achieved 

through many pathways, one being the baroreceptors reflex. The two baroreceptors are located within 

the arteries, atrium and ventricles. They detect stretch and report back to the central nervous system. 

This responds by either dilating or constricting the arteries impacting peripheral resistance and Q̇. 

Another way this is achieved is through the renin-angiotensin-aldosterone system and antidiuretic 

hormone. There is a difference in BP regulation dependant on sex, for instance, females displayed 

lower BP values when compared to males (Burt et al., 1995; Wiinberg et al., 1995).  This could be a 

result of oestrogen facilitating vasodilation of the arteries and in turn reducing BP (Scott et al., 2007).  

Alternatively, males have a higher levels of muscles sympathetic nerve activity (MSNA) which is 

linked to total peripheral resistance (TPR). Although, research has suggested that males naturally 

higher levels MSNA and TPR does not directly increase BP (Charkoudian et al., 2005). However, it 
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has been linked to a reduced Q̇ and α-adrenergic response this balances out the increased levels of 

MSNA on BP (Charkoudian et al., 2005; Hart et al., 2009).  

 

Hart et al. (2009) conveyed that the BP regulation varies dependant on sex due to the impact of 

vasoconstrictors. For this, 21 men (25±1yrs, 80±2kg and 180±2cm) and 17 women (24±1yrs, 62±2kg 

and 168±1cm) volunteered. Hart et al. (2009) studied the differences in MSNA, TPR and Q̇ between 

the two sexes. It was reported that HR was not significantly different between the two sexes, SBP was 

significantly lower in females than males (126±1mmHg vs 136±3mmHg) similarly to DBP with 

females reporting significantly lower values (70±1mmHG vs 73±1mmHg) and mean arterial pressure 

(MAP) (89±1mmHg vs 94±2mmHg). Stroke volume and Q̇ were both significantly higher in males 

than females (109±7ml vs 80±4ml, 6.2±0.3L·min−1 vs 5.0±0.2L·min−1). Whereas, TPR was 

significantly higher in females than males (18.2±0.8mmHg L·min−1  vs 15.8±0.8 mmHg L·min−1) and 

MSNA (19.3±3 burst min−1 vs 25±1 burst min−1). To conclude this study conveyed that the 

relationship between TPR and MSNA and the relationship between Q̇ and MSNA reported in males is 

not present in females. Thus, implying that the sympathetic nervous system activity is more prominent 

in males than females, leading to females having a reduced autonomic support of BP than males. The 

reduction in sympathetic nervous activity and its relationship with TPR could be attributed to 

oestrogen as it has a dilating effect on the arteries, this reduces BP (Scott et al., 2007). Therefore, BP 

regulation differs between the sexes (Hart et al., 2009).  

 

2.9 Age and the Cardiovascular System  
 
Hildenbrand et al. (2010) explored the difference in cardiovascular responses in different age groups 

and water temperatures. The two age categorises were 19-30 and 42-65 yrs, the water temperatures 

was categorised as cool (31°C), neutral (36°C) and warm (39°C). They were statically immersed for 

24 minutes in each temperature and the variables were compared against resting land values. In the 

cool water immersion, the older group (70 b·min−1 on land to 64  b·min−1 in water) displayed a further 

decrease in HR than the younger group (67  b·min−1 on land to 62  b·min−1 in water) when compared 
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to land values. However, SBP decreased more in the younger group (112mmHg on land to 102 mmHg 

in water) than the older group (125mmHg on land to 124mmHg in water). The same was documented 

with DBP, there was a greater decrease in the younger group (72 mmHg on land to 61mmHg in 

water) than the older group (83mmHg on land to 78 mmHg in water). The same trend occurs in the 

other two water temperatures with the older age group conveying a further decrease in HR than the 

younger group, and the younger group displaying a further decrease in SBP and DBP. The exact 

reason for these differences is unknown, however, studies have observed a deceleration in 

physiological responses as patients get older (Ueno, Hamada, & Moritani, 2002; Leicht, Allen, & 

Hoey, 2003; Wood, Hondzinski, & Lee, 2003). Regardless of the difference in cardiovascular changes 

in varied age groups, both age groups demonstrated cardiovascular improvements when immersed in 

water. Conducting the research in younger, healthier populations allows the researcher to document 

whether the effects are safe for patients with certain diseases. Referring to the current study, this is 

important because the full effects of water immersion have not been documented with the technology 

present today. Therefore, younger healthier participants need to be used to fully understand the 

physiological changes in the cardiovascular system when immersed and to make sure the application 

is safe for unhealthier populations.   

 

Furthermore, it has been documented that in young adults (<25yrs) there is evidence of early stages of 

atherosclerosis, this can be attributed to hypertension (Luma and Spiotta, 2006). This is supported by 

Figueirinha and Herdy (2017) who observed that 37% of obese young adults and 20.6% of overweight 

young adults were categorised as hypertensive. Shields (2006) conveyed that obesity level in children 

aged 12-17 has risen from 14% to 29% in the last 26 years, it was also stated that overweight and 

obesity levels had increased by approximately 70% for each sex in young adults. Therefore, all ages 

can benefit from water immersion as the prevalence of obesity and hypertension is apparent in 

children, young adults and older people.   
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2.10 Water Immersion and Chronic Heart Failure Patients 
 
Chronic heart failure (CHF) has been categorised as having a resting EF of <30% and a peak oxygen 

uptake of <14ml.kg-1.min-1 (Metra et al., 2007). Water immersion stimulates an increase in venous 

return, potentially increasing ventricular filling pressure and this has been deemed dangerous for CHF 

(Smart and Marwick, 2004). Regardless of this, there are studies that have explored the effects of 

water immersion in chronic heart failure patients, to see if the effects vary from their healthy 

counterparts. 

Cidre et al. (2005) compared the resting values on land (L) and in water (WI) and the comparison of 

resting values on land (L) and exercise in water (WE). Thirteen CHF patients participated in both 

studies (72.2±3.6yrs, 178±6cm and 74.2±5kg). Participants were immersed in water (35°C) in a 

standing position for 10 minutes prior to the exercise protocol, which required the participant to 

perform a seated reciprocal unilateral knee extension with 60 exertions per minute. The results from 

the first study are as follows; HR decreased significantly from 78  b·min−1 (L) to 66  b·min−1 (WI), 

EF increased 24 %  (L) to 27%  (WI), SV increased 38ml (L) to 53ml (WI). Whereas, the following 

results were not significant; SBP from 124mmHg (L) to 127mmHg (WI), DBP from 73mmHG (L)  to 

71mmHg (WI), ESV from 158mL (L) to 160mL (WI), EDV from 204mL (L) to 216mL (WI) and Q̇ 

from 2.9 L.min-1 (L)  to 3.3 L.min-1 (WI). The second study compared the resting land values with the 

water exercise values and conveyed a significant decrease in HR 78  b·min−1 (L) to 72  b·min−1 (WE, 

SV increased from 38ml (L) to 66ml (WE) SBP increased from 124mmHg (L) to 145mmHg (WE), 

DBP increased from 73mmHG (L) to 80mmHg (WE), Q̇ increased from 2.9L·min−1 (L) to 4.6L·min−1 

WE).  This study is difficult to conclude as they compare exercise data to resting measures, all the 

data is as expected with participating in exercise. If the above measurements were compared to 

exercise on land, this would provide a deeper understanding of the impact of water exercise on the 

cardiovascular system and potentially document further benefits. Understanding the effects of water 

exercise is important as it give direction to further research within this area, for example, 

incorporating exercise into water immersion dependent on posture (swimming or water aerobics). 

However, from these results we can interpret that water immersion is safe and beneficial for CHF 
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patients as no adverse reactions were reported. Further research is needed in the effects of water 

exercise on CHF, to understand the difference in cardiovascular response to land exercise. 

Documenting and understand the full effects in static water immersion allows us to adapt the exercise 

to achieve greater cardiovascular benefits.  

 

The most recent research by Shah et al. (2019) conducted a study investigating the effects of warm 

water immersion on CHF and healthy patients using echocardiography. Seventeen males participants 

with CHF (67±12yrs and 78±13kg) and 10 healthy participants (70±10yrs and 73±10kg) were used 

for this study, they were immersed up to the neck in waters of 33-34°C in a supine position for 15 

minutes and then another 3 minutes of gentle kicking to reflect swimming.  It was reported that in 

CHF patients the following variables increased; SV from 65±21 to 82±22ml, Q̇ from 4.4±1.4 to 

5.7±1.6 L.min-1, cardiac index from 2.3±0.6 to 2.9±0.70L.min.m2 and a decrease in SBP from 132±21 

to 115±23mmHg, with no change in HR reported, these changed continued for 15 minutes. In normal 

subjects the following increase; SV from 68±11, 80±18mL, Q̇ from 5.1±1.9 to 5.7±1.8 L.min-1, 

cardiac index form 2.7±0.9 to 2.9±1.0 L/Min/m2 with no change in HR and BP reported, these 

changes continued for 15 minutes while immersed. This lack of change in HR and BP could be 

attributed to the participants being in a supine position as opposed to the standing position used in 

Cidre et al. (2005) study. It should be noted that hydration status was not taken into consideration 

within both studies, this is important because dehydration can lead to increase in HR, thus, it cannot 

be suggested the results are directly a consequence of water immersion.  

 

Optimal hydration levels contribute to a variety of beneficial functions within the human body, the 

guidelines for water intake are 3.7L for men and 2.7L for women a day (Sawka et al., 2005). 

Hydration status directly impacts the cardiovascular system, dehydration of 3-5% of body weight 

decreases blood volume by 3-5% (Mora-Rodriguez, et al., 1996;Fritzsche, et al., 1999; Coylen and 

Gonzalez-Alonso, 2001).  Dill and Costill (1974) suggested that dehydration can decrease blood 

volume by approximately 9.6%, specifically a decrease in plasma and red blood cells, in turn 
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increasing blood viscosity. Consequently, this decrease in blood volume stimulates an increase in HR,  

inhibiting diastolic filling time, leading to a 28% decrease in SV and an 18% reduction in Q̇ while 

increasing BP. The dramatic decrease in Q̇ is a result of the larger reduction in SV regardless of the 

increase in HR (Coyle and Gonzalez-Alonso 2001). It should be noted that when dehydrated 

alongside a decrease in blood volume, there is an increase in sodium levels within the blood. This can 

encourage vasoconstriction of the capillaries, leading to an increase in pressure on the major blood 

vessels, thus increasing BP (Sawka et al., 2005). This has the potential to diminish the effects of water 

immersion by having the opposite effect. Thus, this is a crucial variable that needs monitoring and 

controlling. However, like previously stated the variables measured by Shah et al. (2019) and Cidre et 

al. (2005) recorded do not document the full effects of water immersion, giving no indication on 

where the improvement lies within the cardiovascular system. Whether that can be attributed to 

improved diastolic filling, contractile force or an increase in preload. Another limitation was the small 

sample size and the patients displayed only mild symptoms of CHF.  

 

The above studies are supported by Gaberielsen et al. (2000) who documented that Q̇ and SV 

increased significantly at rest when immersing 9 CHF patients in a seated position to the xiphoid for 

30 minutes in water of 35°C. However, this study measured variables using a gas re-breathing 

method. Whereas, Cidre et al. (2005) and Shah et al. (2019) used an echocardiogram to measure 

variables in CHF patients underwater. The data collected from the work of Cidre et al. (2005) 

suggests that a decrease in HR and afterload equals out the increase in venous return, encouraging an 

improvement in LV performance. Whereas, Shah et al. (2019) reported no difference in HR, 

regardless of this, the increase in SV, Q̇ and decrease in SBP and DBP suggest that the benefits of 

water immersion in healthy people may be extended to those with CHF. Further investigation could 

lead to inclusion in rehab programmes. 

 

 

 



 
 

- 23 - 

2.11 Repeated Application of Water Immersion 
 
The research investigating repeated water immersion is the use of repeated cold water immersion in 

sports recovery. Cox et al. (2006) investigated the effects of 6 months swimming or walking and 

compared the effects on BP. The participants were randomly assigned to either a swimming or 

walking exercise programme. They subjected 166 women aged 50-70yrs to three 30 minutes sessions 

a week of either moderate walking or swimming for a total of 6 weeks. They both consisted of 10 

minutes warm up, followed by 5 minutes of stretching, then 30 minutes of  the assigned exercise. The 

swimming pool was located outside and the water temperature was 26°C and the participants were in 

a supine posture. BP was taken pre and post intervention. It was observed that swimming increased  

SBP in comparison to walking by 4.4 mmHg and 6.0mmmHg. This can be attributed to the colder 

skin temperature resulting from the wet skin outside, thus, inducing vasoconstriction increases 

peripheral resistance and increasing BP. The two exercise programmes consisted of different postures, 

this could have impacted the results as on land gravity impacts the function of the heart and in water 

the hydrostatic pressure effects the function of the heart. In a supine posture the body is immersed in a 

shallow depth, reducing the hydrostatic pressure exerted on the body. This is supported by Keskinen 

et al. (2003)  whom reported no significant difference in the variables in a supine posture, however, 

once changed to a standing posture significant difference were reported. Therefore, comparing the 

effects of water walking/aerobics would have provided a clearer and more detailed comparison.  

 

Furthermore, Astrand et al. (1965) conveyed that using upper body muscles can increase BP when 

compared to lower body exercise, specifically arm cycling produced a higher BP than leg cycling 

when exercising at the same oxygen consumption. Thus, cross comparing the two exercise 

programme is difficult and could give the impression swimming is not as effective, however, this 

might not be the case. As a result of this, these findings disagree with the use of repeated water 

exercise to reduce BP.  

 



 
 

- 24 - 

Whereas, Tanaka et al. (1997a) reported a decrease in HR from 81±4 to 71± 3b·min−1 and systolic BP 

in a seated position from  150±5mmHg to 144±4mmHg, there was no change reported in  DBP. When 

testing the hypothesis that regular swimming decreases BP. They subjected 18 males and females 

aged 48±2yrs with stage 1 or 2 hypertension to a 10 week swimming intervention. The change in BP 

in Tanaka et al. (1997a) study could be attributed to the fact the participants were hypertensive, 

leading to an increased effect of swimming compare the healthy participants used in Cox et al. (2006) 

study. Moreover, the participants were immersed in water of 27-28°C in an indoor swimming pool, 

eliminating the vasoconstriction observed in Cox et al. (2006) due to the outside pool. There was a 

difference in exercise duration and sex with Cox et al. (2006) protocol lasting 30 minutes with 

females participants whereas, Tanaka et al. (1997a) duration was 45 minutes with mixed sex groups. 

These could explain the difference in results observed. Therefore, the research surrounding repeated 

swimming is controversial and once the acute effect is fully understood this can be extended to 

incorporating exercise. 

 

2.12 Summary 
 
It has been suggested that SV, EF, Q̇, EDV, WS, heart size and E/A ratio all increase and HR, SBP 

and DBP decreased when an individual is immersed in water. These elements are vital as they all 

contribute to overall cardiovascular health, therefore promoting favourable cardiac adaptations, 

leading to minimising the chance of CHD (World Health Organization, 2005). These variables 

decrease the effort necessary to circulate blood around the body while increasing the efficiency of the 

heart (Arborelius et al., 1972; Gabrielsen, Johansen, & Norsk, 1993).  

 

Water immersion can improve HR, SV, EF, BP, EDV and ESV because the hydrostatic pressure 

stimulates the dilation of the left cardiac cavities, displaying myocardial wall stretching. This leads to 

an improvement in ventricular diastolic filling, and in turn increasing cardiac preload, SV, EF, Q̇, 

EDV and ESV (Sheldahl et al., 1984; Epstien et al., 1989; Ayme et al., 2013). Furthermore, a 

decrease in HR should increase time for diastolic filling, allowing an increase in venous return, while 
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not increasing fibre length of the myocytes, therefore, reducing the workload on the heart (Cidre et 

al., 2005).  

 

This study proposes to explore the effects of various postures (sitting, standing and prone position) 

while immersed in water on the cardiovascular system, in healthy participants. This study will use 

echocardiography, to measure variables  including; EF, SV, Q̇, EDV, ESV, SBP, DBP, HR and WS. 

As a result of reporting a wide range of variables, this study has the potential to demonstrate whether 

the benefits are during systolic contraction or diastolic filling. To gain a better understanding of 

cardiac function in and out of water in different postures, healthy participants will be used in this 

study as a homogenous and easily accessible population and it is important to understand the 

physiological effect in healthy participants before it can be explored in patients who have 

cardiovascular disease.  

 

2.12.1 Aim  
 
To evaluate the effects of  20 minutes of 30°C water immersion in different postures on the 

cardiovascular system compared to land.  

 

2.12.2 Hypothesis  
 
Heart rate and BP will decrease and SV, Q̇, EF, EDV, ESV and WS will increase in water compared 

to land, and that sitting will have a greater effect on the variables than standing and laying.   
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Chapter 3 

3.0 Methods: 
 
3.1 Participants 
 
Eight normotensive males and 8 females volunteered to participate in the current study (21.3±1.8yrs, 

168±7cm and 71.8±11.97kg). Participants were given an information sheet at least 24 hours before 

the trials (Appendix 1 and 5). Each participant completed a consent form on the day of the first trial of 

each study (Appendix 2). Prior to the participation of the study, each participant completed a Health 

Questionnaire to identify the overall health of each participant and raise any underlining health issues 

or concerns (Appendix 3). The exclusion criteria were any history of cardiovascular disease within the 

family, and people over 45yrs and under 18yrs, this was revealed within the questionnaire and 

verbally. This study was approved by the University of Bedfordshire’s Research Ethics Committee 

(Appendix 4). A post hoc power calculation was performed using Gpower for the three main 

variables; SBP, HR and EDV (Erdfelder, Faul, & Buchner, 1996).  It was reported that based on the 

mean, between groups comparison effects size for each variable (SBP d= 5.12, HR d=1.3 and EDV 

d=2.6) that the sample size (N=16) produced a power of 100% to acquire statistical power at the 0.05 

level (Louis, 2009). 

 

3.2 Experimental design  
 
This was a repeated measures within groups design, consisting of two trials; the first one at Flitwick 

leisure centre, in the pool where they had their heart scanned in 3 different postures whilst immersed 

in water and the second visit was at the Sport Science Labs at University of Bedfordshire where they 

were scanned in the same 3 postures, but on land. Each trial in both studies was conducted at the same 

time and same day of the week for each participant, to diminish the effect of a circadian rhythm (Park, 

Choi and Park, 1999). During the water trial, the participant was asked to assume a standing posture 

in silence with no movement for 10 minutes. The researcher then began to scan the heart using an 

ultrasound and measure blood pressure for a further 10 minutes. This resulted in the total immersion 

time being 20 minutes for each posture. Once the scanning and blood pressure was completed, the 
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participant acquired the prone position. The researcher timed another 20 minutes and the blood 

pressure and scanning protocol was repeated.  

Each participant was immersed for 10 minutes, then a further 10 minutes during which measurement 

were taken, this was repeated for all 3 postures. The same was conducted on land, with the same 

posture and times points. A timeline of the whole protocol is displayed below as figure 4. 

 

3.2.1 Preliminary measurements 
 
Each participant was asked to consume the same breakfast on the days of both trials, to eliminate the 

chance of nutrients influencing the biological measurements (Ayme et al., 2013). Participants were 

required to drink 2-3L of water 24hr prior to both visits at Flitwick Leisure centre (Sawka et al., 2007; 

Taylor et al., 2012). Participants were required to be euhydrated (<600mOsm.kg-1) measured through 

a urine refractometer (Pocket PAL-OSMO, Vitech Scientific Ltd., HaB Direct). Height (Harpenden, 

HAR- 98.602) and body mass measured with scales (Tanita, BWB0800) were measured at the start of 

the water trial, in swimming attire.  

 

3.2.2 Water Immersion  
 
The trials were conducted at Flitwick Leisure Centre in the variable depth pool. The water 

temperature was 30˚C and the participants were immersed for 20 minutes in each posture (1 Hour in 

total) and immersed to the neck.  

 

 
 
 
 

 

 

 

 

Figure 1. Position for Standing in the Water Trial                                                                                         
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Figure 2. Position for Laying in the Water Trial   
 

 
 

 
 
 
 
 
 

 
Figure 3 Position for Sitting in the Water Trial  
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Figure 4. Timeline of Protocol 

 

 
 
3.2.3 Postures 
 
During the water trial the participants were measured up to the shoulder in a standing and seated 

position using a portable Stadiometer (Harpenden, HAR- 98.602) on land. The researcher measured to 

the shoulders to accommodate for the lean the participant had to create, this would bring the water up 

to their neck. It was ensured that the water covered the shoulders and reached the bottom of the neck. 

Postures are demonstrated in the figure above (Figure 1, 2 and 3). A water wheelchair (JPL) allowed 

the participant to remain seated comfortably.  

On the second trial day, the participant was instructed to recreate the water trial on land replicating the 

postures. For the posture of standing this was achieve by the participant leaning against a wall to 

allow for the heart to drop, aiding the scanning process. For sitting, the participant sat on a chair and 

leaned to the left with their left arm on a table to comfortably support them and for laying the 

participant acquired the left lateral decubitus position to obtain optimal images.  
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3.2.4 Blood Pressure  
 
SBP, DBP and HR (Omron, M5-1, Automatic) where measured from the brachial artery. In the water 

immersion trial, the cuff was fitted to the upper left arm over the brachial artery, however, positioning 

of the arm may differ between the different postures. For example, standing and sitting required the 

arm to be place to the side whereas, laying required the arm to be place in front of the participant. In 

the land trial blood pressure was taken from the right arm as the left arm was used to support their 

body when leaning to accommodate for the scanning process. There are no reported differences in 

inter-arm blood pressure measurements (Gould, at al., 1985).  Blood pressure was taken once at each 

time point of 10, 15 and 20 minutes of both trials.  

 
 
3.2.5 Echocardiography  
 
Apical 4 chamber and apical 5 chamber views were obtained by placing the probe on the 5th 

intercostal space to measure SV, EDV, ESV, EF and Q̇. The parasternal long axis view was used to 

acquire images of the interventricular septum, left ventricle diameter and posterior wall during 

diastolic and systolic phase. All echocardiographic assessment followed the recommendations of the 

American Society of Echocardiography (Schiller et al., 1989), however, normal positioning of the 

participant will not be possible in the different postures or during water immersion. To allow the 

probe to be used underwater a probe cover was used, this was stretched over the probe with the gel on 

(Praxisdienst, 30 x 200mm).    

 

To establish SV the diameter (D) of the aortic outflow track was measured in a parasternal long axis 

image. To quantify the area the following equation was used; D² × 0.785 and this was multiplied by 

the time velocity integral (TVI) to produce SV.  
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The Simpson’s methods of disc (SMOD) was used for two-dimensional volume measurement (EDV 

and ESV) as suggested by the American Society of Echocardiography (ASE) (Lang et al., 2006; Lang 

et al., 2015).   

Wall stress was calculated by inserting SBP and measurements from the M-mode into the following 

equation: 

 

Wall Stress =0.33* SBP* LVDs/ PWs * (1+ (Pws/LVDs)) 

                                                                               (Grossman et al., 1975). 

 

To determine the quality of the images sustained a grading protocol will be engaged by the 

sonographer rating images 1–4 (1 = excellent—all endocardial and epicardial boarders clearly 

defined; 2 = good—fully visible wall but image considered ‘hazy’; 3 = poor—areas of image 

undefined; 4 = no image available) (Beaumont, et al., 2017) 

 

3.3 Echocardiography Reliability 

A test retest reliability was performed to analyse the accuracy of the scanning performed by the trial 

researcher, for this to be achieved 10 male participants were used. All participants were given an 

information sheet 24 hours prior to the trials (Appendix 5) and a consent form (Appendix 2). These 

trials were held at the University of Bedfordshire in the Sport Science Laboratories.  

 

For both trials the participant was positioned in the left lateral decubitus posture. The measurement 

reliability trial required the researcher to scan every participant using the apical 4 chamber view (refer 

to 3.2.5), EDV and ESV were measured for each participant through SMOD. Once all the images 

have been obtained and analysed, the researcher reanalysed all the images again on separate day, a 

coefficient of variation was calculated (Hopkins, 2017). 

 

Participants were scanned on two separate occasions for the assessment of imaging reliability. EDV 

and ESV were measured from two separate images and assessed for consistency (Hopkins, 2017). The 
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score generated was below 14% As this percentage allowed the potential improvements in the 

variable to be attributed to the water as opposed to the percentage of error generated by the researcher.  

 
3.4 Statistical analysis  
 
The data was processed using IBM SPSS statistic version (SPSS Inc, Chicago, IL). Due to the small 

sample size Q-Q plots were used to check the data was normally distributed (Millard & Neerchal, 

2000). All data was classed as normally distributed and is shown as the mean ± standard deviation 

(SD) (Dytham 2011). A 2-way repeated analysis of variance (ANOVA) was used to compare the 

variables; in water and on land. A 2 by 3 mixed design ANOVA was completed with two conditions 

land and water across all postures with also the comparison of all three postures (stand, sit and lay) 

with sex as an independent variable. The statistical significance was recognised as P< 0.05 (Baayen, 

2008). If the statistical significance was not recognised (P > 0.05) the Huynh-Feldt correction will be 

used.  
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Chapter 4  

 
4.0 Results  
 
4.1 Echocardiography Reliability  
 
Table 2 The Coefficient Variance Score of Reliability 

Variable  Measuring  Imaging  

EDV 4.6% 6.7% 

ESV 9.4% 14.8% 

The quality of the images sustained reported that 87% was graded in either 1, excellent or 2, good 

(Beaumont et al., 2017).  

4.2 Water Immersion  

4.2.1 Haemodynamic  
 
SBP and DBP were significantly lower in the water trials compared to land (F=41.89, P<0.001; 

F=34.047, P<0.001 respectively) (Figure 5), there was a significant effect for posture (SBP F=3.597, 

P=0.043; DBP; F=3.499, P=0.043). Although there was a interaction effect of water immersion and 

posture (SBP, F=4.733, P=0.017; DBP F=6.699, P=0.004), there was no interaction effect of water 

immersion, posture and sex on SBP (F=0.096, P=0.909) or DBP (F=0.770; P=0.473). 

 

HR was found to be significantly different between postures (F=8.024, P=0.002) there was also an 

interaction effect for water immersion and postures (F=5.202, P=0.011). HR was not significantly 

different (F=2.0229, P=0.175) between water immersion (65±2  b·min−1) and land trials (69± 3  

b·min−1) (Figure 6), nor was there an effect for the interaction of water immersion, posture and sex 

(F=3.102, P=0.61) for HR between water and land. 
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Table 3. Haemodynamic Data for Water Immersion and Land Trials in each Posture. 

 

Note. Values are mean ± SD, *P<0.05 **P<0.001 vs posture on land (SBP, Systolic Blood Pressure, DBP Diastolic Blood Pressure and HR Heart rate)  
 
Table 4. Haemodynamic Data for Water immersion and Land in each Posture for Males and Female. 

Note. Values are mean ± SD, *P<0.05 **P<0.001 vs posture on land, † P<0.05 † † P<0.001 males vs females ( SBP, Systolic Blood Pressure, DBP Diastolic 
Blood Pressure and HR Heart rate

 Land Water 

Variables Standing Sitting Laying  Standing  Sitting  Laying  

Sex M F M F M F M F M F M F 

SBP  
(mmHg) 

131.50±4.86 112±4.86 130.25±4.24 114.62±4.24
† 

128.50±3.39 114±3.39† 124.12±2.81 105.75±2.81
†† 

111.87±3.67* 96.87±3.67*
† 

115.87±3.15*
* 

105.12±3.15*† 

DBP 
(mmHg) 

85.50±4.6 85.5±4.60 83.75± 4.3 79.25± 4.33 74.25±2.84 75.62±2.84 75±2.70* 65.87±2.70*
† 

65±2.8* 65±2.82* 71.12±2.91 70±2.91 

HR 
(b·min−1) 

70±5 83±5† 68± 5 66± 5 65±5 63±5 66±3 68±3* 63±3 63±3 65±3 68±3 

Land Water 
Variables  Standing Sitting Laying Standing Sitting Laying  

SBP 
(mmHg) 

121.75±4.16 122.43±3.53 121.25±2.97 114.93±3.05* 104.37±3.71** 110.50±2.56** 

DBP 
(mmHg) 

83.37±3.19 81.5± 3.01 74.93±1.95 70.43±2.18* 64.56±1.93** 70.56± 1.99 

HR 
( b·min−1) 

76±3 67± 3 64±3 67±2* 63± 2 66±2* 
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Figure 5. The Difference in Systolic Blood Pressure and Diastolic Blood Pressure Between the 
Land and Water Trials.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note. * P<0.05. 
 
 

* 

* 
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4.2.2 Left Ventricle Structure  
 
There was no significant difference in either EDV (water 111.18 ± 4.90ml vs land 103.27± 5.38ml, 

F=0.064, P=0.938) or ESV (water 55.083± 2.891ml vs land 56.08± 3.81ml, F=0.126, P=0.728) for 

water immersion. There was, also, no main effect for posture for EDV (F=0.064, P=0.938) or ESV 

(F2.136, P=0.1370). The only interaction effect was found in EDV between water immersion and 

posture (F=5.325, P=0.010) (Table 5). No interactions were found for ESV between water immersion 

and posture (F=1.570, P=0.227) or water immersion, posture and sex effect (F=0.037, P=0.962), nor, 

for EDV (F=0.602, P=0.554). There was a significant mean difference in EDV and ESV for males 

and females between water (EDV, 22.29±8.22ml, P=0.017; ESV, 14.08±4.65ml, P=0.009) and land 

(EDV, 26.37±8.64ml P=0.009; ESV, 16.91±6.47ml, P=0.020) (Table 6).  

 

WS was significantly reduced during water immersion compared to land (F=7.836, P=0.013) (Figure 

5), however, there was no effect of posture (F=0.078, P=0.921) on WS. There were also no interaction 

effects, either between water immersion and posture (F=2.494, P=0.100), or water immersion, posture 

and sex (F=.736 P=0.488). There was a significant mean difference in WS for males and females 

between the water trial of 29±10.88 K dynes, (P=0.017) and between water and land trials for females 

of 28.26±9.02 K dynes (P=0.007).  
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Table 5. Left Ventricular Structure for Water Immersion and Land in each Posture. 

 
 
 
 
 
 
 
 
 
 
 

Note. Values are mean ± SD, *P<0.05 vs posture on land  (EDV- End Diastolic volumes, ESV- End Systolic Volumes and WS-Wall Stress 
 
Table 6. Left Ventricular Structure for Water Immersion and Land in each Posture for Males and Females. 

Note. Values are mean ± SD, *P<0.05  vs posture on land, † P<0.05 † † P<0.001 males vs females (EDV- End Diastolic volumes, ESV- End Systolic 
Volumes and WS-Wall Stress.

 Land Water 

Variables Standing Sitting Laying  Standing  Sitting  Laying  

EDV 
(ml) 

102.62±5.48 99.31± 6.17 107.87±6.59 110.37±6.08* 115.37±4.34* 107.81±5.70 

ESV 
(ml) 

53.18±4.75 59.50± 4.58 55.56± 3.31 57.37±3.09 56.93± 3.39 50.93±4.26 

WS 
(K dynes) 

150.03±8.33   166.43±10.03 156.26±9.68 146.45±9.99 127.66±7.44* 142.76±7.88 

 Land Water 
Variables Standing Sitting Laying  Standing  Sitting  Laying  
Sex M F M F M F M F M F M F 
EDV 
(ml) 

113.62±6.86 91.62±6.86† 114.12± 7.0 84.50± 7.09† 121.62±8.13† 94.12±8.13 122.50±7.64 98.25±7.64† 126.75±4.69 104±4.69*† 117.75±7.46 97.87±7.46 

ESV 
(ml) 

61.62±6.19 44.75±6.19 69.75± 5.47 84.50± 7.09† 62.25±4.14† 48.87±4.14 64.25±3.71 50.50±3.71† 65.12±3.89† 48.75±3.89 57±5.80 44.87±5.80 

WS 
(K 
dynes) 

163.34±11.11   136.72±11.11 170.76±14.59 162.10±14.59 154.02±14.15 158.50±14.15 158.58±13.88* 134.31±13.88 143.72±9.05 111.60±9.05*† 158.94±9.79 126.61±9.79† 
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Figure 7. The Difference in Wall Stress Between the Land and Water Trials. 

 
 

 
Figure 6.The Difference in End Diastolic, Systolic and Stroke Volumes Between the Land and Water Trials 

Note. * P<0.05. 

 
 
 

  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

 
 

Note. * P<0.05.

* 
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4.2.3 Functional Left Ventricle Measures 
 
 
SV was significantly increased during water immersion compared to land (F=8.799, P=0.010) (Figure 

7), however, there was no effect of posture (F=1.992, P=0.157) on SV. There were no interaction 

effects, either between water immersion and posture (F=1.059, P=0.360), or water immersion, posture 

and sex (F=2.756, P=0.081). There was a significant mean difference between water and land trials 

for males of 7.55±3.47ml (P=0.047) (Table 8).  

 

There was no significant difference in EF between water and land (F=1.493, P=0.241), nor for water 

immersion and posture (F=1.901, P=0.172). There were no interaction effects, either between water 

immersion and posture (F=0.130, P=0.878) or water immersion, posture and sex (F=1.765; P=0.190) 

for EF (Table 7).  

 

Q̇ increase during water immersion compared to land (F=4.521, P=0.050), there was a significant 

effect for posture  (F=4.456, P=0.024) (Figure 8), however, there was no interaction effect of water 

immersion and posture (F=0.204, P=0.766). Although, there was an interaction effect for water 

immersion, posture and sex (F=;4.981 P=0.015) for Q̇. There was a significant mean difference 

between water and land trials for males of .567±.259 L·min−1 (P=0.046) (Table 8).  
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Table 7. Left Ventricular Functional for Water Immersion and Land in each Posture. 

 
Note. Values are mean ± SD, *P<0.05 vs posture on land (SV- Stroke Volume, EF- Ejection Fraction and Q̇ -Cardiac Output) 
 
Table 8. Left Ventricle Functional Data for Water Immersion in each Posture for Males and Females. 

Note. Values are mean ± SD, *P<0.05 **P<0.001 vs land, † P<0.05 † † P<0.001 males vs females (SV- Stroke Volume, EF- Ejection Fraction and Q̇ -Cardiac 
Output)

 Land Water 

Variables Standing Sitting Laying  Standing  Sitting  Laying  

SV 
(ml) 

50.75±4.64 47.68± 3.22 48.88± 3.10 57.85±3.70 58.62± 2.37* 52±3.71 

EF 
(%) 

50.18±3.16 48.12± 3.81 44.37± 2.95 51.43±3.14 50.62± 2.53 48.50±3.21 

Q̇ 
(L·min−1) 

3.66±0.35 3.16± 0.26 3± 0.22 3.87±0.27 3.67± 0.23 3.45±0.26 

 Land Water 

Variables Standing Sitting Laying  Standing  Sitting  Laying  

Sex M F M F M F M F M F M F 

SV 
(ml) 

51.95±3.84 49.56±3.84 53.25± 
4.22 

42.12± 
4.22 

52.2±4.35 45.5±4.357 64.90±4.72* 50.08±4.72 58.25±3.47 59±3.47* 57±5.09 47±5.09 

EF 
(%) 

46.75±4.44 53.62±4.44 49.37± 
5.56 

46.87± 
5.56 

43.25±4.30 45.50±4.30 52.50±4.58 50.35±4.58 46.75±3.41 54.50±3.41 50.37±4.65 46.62±4.65 

Q̇ 
(L) 

3.21±.41 4.11±.41   3.58± 
.36 

2.76± 
.36 

3.31±.30 .700±.302 4.33±.36* 3.41±.36 3.66±.34 3.69±.34* 3.81±.37 3.09±.37 
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Chapter 5  
 
5.0 Discussion 
 
The aim of the current study was to investigate the effects of thermoneutral water immersion in 

different postures on the cardiovascular system in both males and females. The main findings suggest 

that hydrostatic pressure stimulates an increase in ventricular diastolic filling, and in turn increases 

cardiac preload, SV, Q̇ and EDV. Therefore, implying these improvements documented in the 

cardiovascular system are not due to an increase in contractile force due to the lack of difference in 

ESV, but an increase in diastolic filling time and preload. Specifically, these variables decrease the 

effort necessary to circulate blood around the body while increasing the efficiency of the heart 

(Arborelius et al., 1972; Gabrielsen, Johansen, & Norsk, 1993). This is vital as they all contribute to 

overall cardiovascular health, therefore water immersion has the potential to promote advantageous 

cardiac adaptations.  

 
5.1 Water immersion  
 
5.1.1 Haemodynamic Response  
 
The current study found, 20 minutes of thermoneutral water immersion improved the function of the 

LV in both males and females when compared to land. SBP and DBP were both significantly reduced 

in all water trials compared to land, irrespective of posture (P<0.05). This decrease in BP could be 

attributed to the hydrostatic pressure initiating a re-distribution of blood to the thoracic cavity, this can 

increase arterial wall shear stress stimulating the endothelial cells resulting in the secretion of nitric 

oxide, a vasodilator (Walther et al., 2008).  This is important because BP is reliant on the arteries 

ability to function through either vasoconstriction or dilation (Munir et al., 2008). Vasodilation has 

been directly linked to a decrease in BP by, reducing peripheral resistance and increasing blood flow 

(Munir et al., 2008; Ayme et al., 2013).   

 
 
Šrámek et al. (2000) immersed healthy participants in waters of 32°C to the neck and documented a 

significant decrease in SBP and DBP compared to land trials. This is reinforced by Gabrielsen et al. 
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(2001) who implied that thermoneutral water immersion can stimulate temperature-induced 

vasodilation of the arteries, which in turn can decrease BP. Thus, thermoneutral water initiates a 

greater decrease in BP due to the combined effect of the hydrostatic pressure and water temperature.   

Whereas, Cidre et al. (2005) immersed their participants to the chest in water of 34°C and reported no 

difference in SBP and DBP.  The reason for the lack of significant results could be attributed to the 

participants exercising on land before, resting for 30 minutes and then being immersed in the water. 

This exercise period may have influenced the results especially because the participants were 72±5 yrs 

old, therefore, they may not have fully recovered from the effects of the exercise before entering the 

pool. This would explain why SBP increase and DBP decreased as exercise induces an increase in 

SBP whereas, DBP does not change during exercise. Another limitation is the age of the participants 

as previous literature has suggested that the effect of water immersion is more beneficial for younger 

populations (Hildenbrand et al., 2010). This disagrees with Gabrielsen et al. (2001) temperature-

induced vasodilation of the arteries theory as Cidre et al.’s (2005) participants were immersed in 

waters of 34°C. This could be attributed to the hydration status of the participants which remained 

unmonitored, dehydration can lead to increase in BP (Coylen and Gonzalez-Alonso, 2001).  

 

Hildenbrand et al. (2010) investigated the difference in cardiovascular responses of different age 

groups (19-30 and 42-65 yrs) in water. Participants were immersed to the chest in a sitting posture for 

24 minutes at each temperature and the variables were compared against resting land values. The 

younger group displayed a further decrease in SBP of 12.5%, whereas the older group reported an 8% 

decrease. DBP in the younger group decreased by 22% in comparison to the older group which 

documented a 14% decrease. These percentages were a comparison between baseline measures and 

thermoneutral waters and are not significant. The authors concluded the reasoning for this being age 

related deceleration in physiological responses (Ueno, Hamada, & Moritani, 2002; Leicht, Allen, & 

Hoey, 2003; Wood, Hondzinski, & Lee, 2003). Thus, this age related difference could be responsible 

for the variance reported in BP in Cidre et al. (2005) (72±5 yrs) study and the present study 

(21.3±1.8yrs) at hand.  
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Additionally, previous literature has suggested that the water depth and cardiovascular response 

increase in a linear fashion. Risk et al. (1978) stated that depth can cause a rise in the water column by 

roughly 25cm by increasing the water level from the chest to the neck, stimulates a rise in heart 

volume of 120ml. Therefore, suggesting that the depth Cidre et al. (2005) immersed their participants 

(chest) would not generate enough hydrostatic pressure to impact the CV system.  

 

Ayme et al. (2013) and Christie et al. (1990) immersed their participants in water of 34°C to the 

xiphoid and reported no difference in SBP and DBP.  As stated above, depth and cardiovascular 

response increases in a linear fashion, specifically, for each foot of water the participant is immersed 

in there is an increase in pressure of 22.4mmHg applied on the body (Hall, Bisson and O'Hare, 1990).  

The depth Christie et al. (1990) immersed their participants to would not produce enough hydrostatic 

pressure on the body to affect the myocardium. Moreover, different water temperatures induce a 

varied myocardium response. Hot water (>34°C)  immersion can cause stress on the cardiovascular 

system by increasing HR, shortening diastolic filling time, decreasing coronary blood flow and in turn 

increasing the workload of the myocardium, stimulating vasoconstriction of the arteries and increases 

blood and peripheral pressure (Weston et al., 1897). Therefore, the results in the current study support 

the use of thermoneutral water immersion to reduce SBP and DBP, whereas, warm water immersion 

may increase SBP and DBP.  

 

The current study reported no significant difference in HR between the water trial and land, although, 

standing was significantly different between the two trials. Similarly, Šrámek et al. (2000) reported a 

significant decrease in HR when immersing their participants in waters of 32°C to the neck. Supported 

by Perini et al. (1998) who reported a significant decrease in HR in waters of 30°C, this is in 

agreement with majority of the research incorporating HR and water immersion (Gabrielsen, Johansen 

and Norsk, 1993; Park, Park and Choi, 1999; Cidre et al., 2005). This decrease in heart rate could be 

due to the hydrostatic pressure increasing central venous pressure which stimulates the baroreceptors 

inducing bradycardia via the parasympathetic nervous system (PSNS). Further supported by the 
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decrease in SBP and DBP in the current study, as stimulation of the PSNS causes vasodilation of the 

arteries (Christie et al., 1990; Gabrielsen et al., 1993; Šrámek et al., 2000). Agreeing with the current 

findings, Park, Choi and Park (1990) investigated HR response in waters of 30°C and 34°C . A 

significant decrease in HR was reported in 30°C waters and no significant difference in HR in 34°C 

waters when compared to land. Likewise, the following studies immersed their participants in water of 

34°C and reported and no significant different in HR between the water and land trials (Begin et al., 

1976; Christie et al., 1990; Ayme et al., 2013). Thus, disagreeing with the current findings, however, 

supporting the ongoing theme that warm water immersion may inhibit the cardiovascular effect 

elicited by water immersion. 

 

Furthermore, Christie et al. (1990) immersed their participants for 10 minutes and reported no 

significant difference in HR between the two trials. Majority of the studies that immerse past 10 

minutes report significant difference on HR. An example of this is Park, Park and Choi (1999) and 

Šrámek et al. (2000) who both immersed their participants for 30 minutes to 1 hour in waters of 30-

32°C and reported significant differences in HR. Suggesting the duration of immersion impacts the 

cardiovascular response, conveying Christie et al. (1990) duration was not substantial enough to 

impact HR. However, Šrámek et al. (2000) stated that the first 10 minutes of immersion, increases 

vasomotor activity and then steadies for the rest of the immersion. Therefore, immersion past 10 

minutes is substantial enough to positively impact the CV system.  

 

5.1.2 Structural Left Ventricle Data 
 

There was no significant difference in EDV between the water and land trial (see table 5). Wstand and 

Wsit produced a significant difference when compared to land. Supported by Cidre et al. (2005) and 

Christie et al. (1990) who conveyed an increase in EDV in water compared to land. This increase in 

EDV is a result of the decrease in HR allowing for a longer diastolic filling time and stimulates the 

stretch receptors that incites the PSNS. Moreover, Park, Park and Choi (1999) documented a 

significant increase in EDV in waters of 30°C and 34°C. The thermoneutral water trial displayed a 
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greater effect on EDV, this difference could be attributed to the warm water temperature (34°C). 

Warm water immersion can increase HR shortening diastolic filling time and resulting in lower EDV. 

Although, EDV was estimated through a calculation; EDV were calculated by  SV/EF·100.  This 

could produce inaccurate results, whereas, the current study used an echocardiogram to accurately 

measure EDV. 

 

The present study reported no difference in ESV between water and land (see table 5). The lack of 

differences observed between the two conditions was due to the stretch receptors aiding the PSNS 

resulting in suppressing the sympathetic nervous system (SNS) and reducing myocardial 

contractibility (Christie et al., 1990; Park, Choi and Park, 1999; Hildenbrand, 2010). Due to the 

increase in EDV and preload, ESV did not have to increase to maintain the demand for oxygen as SV 

increased. Cidre et al. (2005) and Christie et al. (1990) supports this by reporting a significant increase 

in ESV in the water trial compared to the land. An increase in ESV reflects a reduction in myocardial 

contractibility. These studies support the theory, but not the current findings as they report a 

significant increase in ESV. Christie et al. (1990) and Cidre et al. (2005) both focused on male 

participants and Natori et al. (2006) reported that LV function particularly ESV are higher in males 

than females with men reporting an average of 47±19ml to females of 30±9ml. This is accredited to 

males having a naturally larger heart size, allowing more blood to be held in the diastolic phases and 

leading to larger ESV. The hydrostatic pressure stimulating the parasympathetic nerve activity 

potentially overpowering this natural increase. The above research used an echocardiography but did 

not conduct a reliability study, therefore, the results are reliant to the ability of the scanner to obtain an 

image. The images obtained may not have been clear or consistent enough to accurately measure ESV, 

this could have impacted the results.  

 

There was a significant difference in WS between the water trial and land (see table 5). Suggesting the 

hydrostatic pressure decreases BP and in turn the force applied on the myocardial cells particularly as 

there was no change in ESV. Thubrikar and Robicsek (1995) systematic review determined the 

relationship between wall stress and atherosclerotic lesions, it was reported that elevated WS can 
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increase the chance of an atherosclerotic lesions in the arteries and contribute to CHD. Arterial injury 

can be caused by elevated BP and WS damaging the endothelial cells allowing them to be comprised 

(Thubrikar and Robicsek, 1995). A successful mechanism to reduce the probability of this occurring is 

to use an external support to reduce BP, WS and HR, thus, decreasing arterial injury and inhibiting the 

development of atherosclerotic lesions. Thermoneutral water immersion can provide this external 

support as the current findings reported a decrease in WS, this is an easy and effective way of reducing 

the risk of an arterial injury.  

 

5.1.3 Functional Left Ventricle Data  
 

The current findings report a significant increase in SV in water immersion and land (see table 7). 

Majority of studies support the current findings by documenting a significant increase in SV in water 

when compared to land (Weston et al., 1987; Christie et al., 1990; Cidre et al., 2005; Shah et al., 

2018). Particularly, Park, Choi and Park (1999) reported that SV significantly increased in waters of 

34°C, however a greater effect was observed in waters of 30°C. Supporting the use of thermoneutral 

water to improve the haemodynamic, structural and function variables of the heart to a greater extent 

than warm water immersion. This is important as warm water immersion can cause cardiovascular 

stress, by increasing HR and reducing SV, due to the shortened time for diastolic filling (Weston et al., 

1897). This can induce hypotension, ectopic beats, tachycardia and in extreme circumstances death, 

this can be a serious health risk to any individual, regardless of cardiovascular health (Wilcock, Cronin 

& Hing, 2006). 

 

Ayme et al. (2013) immersed their participants for an hour in a sitting posture to the neck reported a 

significant increase in SV during in water compared to land. This increase in SV is due to either an 

increase in preload or an increase in contractile force. In this instance due to the increase in EDV, 

decrease in HR and lack of difference in ESV it can be concluded that the increase in preload is 

responsible for the increase in SV. This can be determined by ruling out an increase in contractile 

force as water immersion supresses the SNS (Christie et al., 1990; Park, Choi and Park 1999). This 
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emphasises that water immersion aids diastolic filling time and function and in turn increase the blood 

flow out of the heart. This decrease in HR and increase SV is vital as it allows the heart to work more 

effectively at a lower rate, reducing the workload of the myocardium. However, the methods of Ayme 

et al. (2013) could be held accountable for this increase in SV, as the water immersion trial was 

conducted outside. The air temperature being approximately 20°C, thus, the wet skin outside could 

result in colder skin temperatures, inducing shivering and as previously discussed could increase SV to 

maintain the demand for oxygen to the contracting muscles.  

 

The current study displayed no significant difference in EF in water immersion and land or postures 

and sex. Supported by Cidre et al. (2005) who immersed their participants in water of 33°C to the 

chest and reported a non-significant increase in EF. The increase in SV is considered to be due to the 

increase in EDV not the force of contraction, thus, the lack of differences in ESV and EF support the 

theory that contractile force does not differ with water immersion (Christie et al., 1990; Park, Choi and 

Park 1999). Disagreeing with the present findings, Park, Choi and Park (1999) documented a 

significant increase in EF, in waters of 34°C. This increase could be accredited to the method of 

assessment for EF, which was calculated from systolic time interval ratio, the method was proposed by 

Capan et al. (1987). This method is outdated and produces an estimate as opposed to an accurate 

measurement an echocardiogram can produced. Therefore, suggesting that the method used by Park, 

Choi and Park (1999) may not be an accurate demonstration of EF during water immersion.  

 

The current findings report no significant difference in Q̇ between water and land (see table 7). There 

was no significant difference in postures between both trials. However, a significant increase in Q̇ 

during the water trial compared to land in males (see table 8). In agreement with Ayme et al. (2013) 

whom reported a significant increase in Q̇ in 1 hour of immersion in waters of 34°C. As well as Park, 

Choi and Park  (1999) who reported a greater significant increase in Q̇ of 7.2±0.5 L·min−1 in water of 

34°C than waters of 30°C 6.8±0.4 L·min−1 when compared to land of 4.7±0.3 L·min−1.Weston et al. 

(1987) conveyed that Q̇ increases in a linear fashion with water temperature. In waters of 30°C a 30% 
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increase in Q̇ was reported, in waters of 39°C a 121% increase in Q̇ was documented. However, the 

increase in Q̇ in waters of 34-39°C can be attributed to the induced tachycardia as HR reported to 

increase by 32%. Therefore, the increase in Q̇ was not due to an increase in SV but an increase in HR. 

The current findings increased Q̇ while decreasing HR, thus, it can be attributed to the increase in SV 

and EDV not increased HR. . This is reinforced by Cidre et al. (2006) who reported a significant 

increase in Q while documenting a decrease in HR in water of 33°C when compared to land. 

 

The immersing theory is that the hydrostatic pressure stimulates an increase in parasympathetic 

sensitivity; as a decrease in HR aids diastolic filling time, allowing the heart to fill with more blood, 

this in turn increases EDV causing an increase in myocardial fibre length and stimulates the 

baroreceptors (Park, Choi and Park, 1999). This in turn increases SV, as there is more blood in the 

ventricles, therefore more blood is being ejected per beat and per minute. This signals the PSNS  to 

release vasodilators, decreasing BP by creating a wider lumen for the blood to travel through. This 

increase in parasympathetic never activity supresses the SNS, hence the lack of change in ESV and EF 

(Weston et al., 1987; Christie et al., 1990;Park, Choi and Park, 1999; Cidre et al., 2005; Ayme et al., 

2013). The above mechanism is the baroreceptor reflex, and its main role is to regulate BP. The two 

baroreceptors are located within the arteries, atrium and ventricles. They detect stretch and report back 

to the central nervous system. This responds by either dilating or constricting the arteries, impacting 

peripheral resistance and Q̇ as discussed and observed above. Moreover, this is enhanced in 

thermoneutral water immersion as it displays the best cardiovascular outcomes while not reporting 

adverse reactions (Weston et al., 1987; Park, Choi and Park 1990; Cidre et al., 2005). These findings 

suggest that the benefits of water immersion in healthy people may be extended to those with CHF.  

Further investigation could lead to inclusion in rehab programmes. 
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5.2 Posture  
 
 
5.2.1 Haemodynamic Response  
 
 
SBP and DBP were significantly lower in all postures, the biggest decrease reported for SBP was in 

the sitting posture, similarly to DBP which was sitting and standing (See table 3). Supported by 

Šrámek et al. (2000) who reported a significant decrease in SBP and DBP between the land and water 

trials when immersing participants in waters of 32°C to the neck and in a sitting posture. In 

disagreement, Ayme et al. (2013) immersed their participants in waters of 34°C to the neck in a sitting 

posture, SBP, DBP and HR remained unchanged between land and water. This could be attributed to 

use of an outdoor pool with the air temperature being approximately 20°C, thus, the wet skin outside 

could result in colder skin temperatures. And as previously discussed, inducing shivering stimulating 

the SNS, constricting the arteries and increasing HR and BP. Park, Choi and Park (1999) conducted 

two water trials in waters of 30°C and 34°C  in a sitting posture and reported significant increases in 

SBP and DBP, disagreeing with the current study. This could be attributed to participants being sat on 

a cycle ergometer, this requires the pedal to circulate with easy and therefore, the participant would 

have had one leg straightened. This is reflective of standing due to the extended leg. This requires the 

pool to be deeper than it would require if the participant was sat on a chair as majority of the body 

spread across the full depth of the pool as opposed to sitting where majority of the body is deeper in 

the water. In other words, the sitting posture acquired in the current study required the depth to be 

shallower than standing. The sitting posture acquired in Park, Choi and Park (1999) consisted with one 

leg straight, reflective of standing for this to be achieved the depth would have had to be increased. An 

increase in depth alters the hydrostatic pressure on the body. This is important as incorporating 

exercise consists of bending and straightening of the leg, this would require changing the depth an 

example of this may be water aerobics.   

 

Furthermore, Cidre et al. (2005) immersed their participants in a standing posture to the chest in 

waters of 34°C and reported no changes in SBP and DBP. This difference can be attributed to the 
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depth Cidre et al. (2005) immersed their participants to, as increasing immersion to the neck can 

increase heart volume by approximately 120ml (Risk et al., 1978). Furthermore, nutritional factors 

like food and water intake were not documented or recorded. Hermansen (2000) conveys how sodium, 

calcium, potassium, carbohydrates, fat and protein intake can impact BP in different ways. Moreover, 

omitting breakfast has been reported to increase resting BP, conveyed by Witbracht et al. (2015) who 

documented an increase in SBP and DBP in breakfast skippers when compared to breakfast eaters. 

Thus, not monitoring or controlling food intake or omitting can impact SBP and DBP, diminishing the 

effects of water immersion. In the current study water intake was monitored and food intake was asked 

to be replicated for trial days, whereas Cidre, et al. (2005) did not.   

 

In the current study, laying significantly decreased SBP in the water trial. Watanabe et al. (2007) 

observed that BP and HR significantly decreased in a supine posture as opposed to the increase seen in 

prone on land. This increase is attributed to the inferior vena cava being compressed in a prone 

posture, this reduces thoracic blood flow initiating blood pooling, stimulating vasoconstriction and 

increasing BP (Toyota and Amaki, 1998; Schaller, 2004). This occurs on land, although the current 

study Llay trial the left lateral decubitus position was acquired, thus, no compression occurred. The 

Wlay did compress facial tissue as the participant supports their head on their arms, stimulating 

trigeminal nerves that impacts cardiovascular response (Schaller, 2004). The present study focused on 

a prone posture to reflect swimming; however, this data conveys that a supine posture may provide a 

further decrease in BP and HR. More research in needed to determine what posture provides the 

greatest cardiovascular response in water. 

 

Sitting produced the greatest decrease in HR between the two trials, however standing was also 

significantly decreased HR. There was a significant decrease in HR in Wsit compare to Wstand, and 

between Wsit and Wlay. A significant difference in DBP on Lsit (sitting on land) and Llay (laying on 

land) and between Lstand (standing on land) and Llay (See table 3). The difference observed in HR 

and DBP could be attributed to the difference in pressure gradients while immersed, as each posture 

changes the depth and thus, the hydrostatic pressure. Watanbe et al. (2007) explored the effect of body 
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position on autonomic regulation of cardiovascular function. The prone posture significantly increased 

BP and HR as opposed to the decrease in supine, whereas, HR significantly decreased in the prone 

posture compared to sitting. Posture on land significantly impacts the cardiovascular system, these 

differences are either enhance or inhibited in water immersion. 

 

Interestingly, despite Park, Choi and Park (1990) reporting no difference in BP, a significant decrease 

in HR was observed in 30 minutes of immersion, this is critical because the posture their participants 

were in, reflects the standing posture and depth, agreement with the present findings in HR. As well 

as, Cidre et al. (2005) reported a significant decrease in HR in a standing posture. Gabrielsen et al. 

(2002) disagrees with the current findings, as a significant decrease in HR in a sitting posture in water 

of 34°C was observed. This difference could at attributed to the thigh cuff inflated to 80mmHg worn 

by the participants to increase hydrostatic pressure in the capillaries in the legs. This increase in 

hydrostatic pressure on the legs could have enhanced the effects of water immersion.  

 

Keskinen et al. (2003) investigated the effects of changing posture while immersed on HR. WLay 

displayed the lowest HR of 62  b·min−1when compared against the other postures, this was not 

significantly different because Llay HR was 61  b·min−1. This was in a supine posture, which naturally 

reduces HR (Watanabe et al., 2007). This is in contrast to Lstand that generated an average HR of 83  

b·min−1 compared to Wstand HR of  64  b·min−1. Standing generated the largest difference in HR 

when comparing land and water, however, supine generated the lowest HR on both land and water. 

These postures reflect swimming, water aerobics or cycling, thus, understanding the role of posture on 

the cardiovascular system allows further benefits immersion. Once this is determined exercise can be 

incorporated to develop further benefits.  

 

In disagreement with Šipinková et al. (1997) who observed that HR in laying subjects was 

significantly lower compared to the sitting. BP increased in the sitting trial when compared to the 

laying trial on land. The different results could be attributed to gravity and its effects on the body from 
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sitting to laying, particularly gravity aids venous return from the upper half of the body, when laying 

that dynamic changes (Bera et al., 1998). Šipinková et al. (1997) used 6 males and 1 female and 

research conveys that sex impacts the cardiovascular system, particularly resting HR and BP. 

Specifically, males have higher BP and a lower HR than females, thus, the difference in the results 

could be attributed to the sex.  

 

5.2.2 Structural Left Ventricle Data   
 

Wsit produced the greatest significant increase in EDV, followed by Wstand when compared to land 

(see table 5). Supported by Cidre et al. (2006) and Christie et al. (1990) who both recorded a 

significant difference in EDV during Wstand and Wsit trial, compared to land.  The current study, 

Cidre et al. (2006) and Christie et al. (1990) all demonstrate that Wsit and Wstand subject the body to 

more pressure than Wlay. Further supported by Lange et al. (1974) who investigated the effects of 

heart volume in different postures in water. It was reported that Wstand had a greater effect on heart 

volumes than Wlay. In this instance sitting produced the greatest increase in EDV, thus, majority of 

the body in lower depth facilitated the heart during the diastolic phase. Research incorporating water 

immersion does not include EDV as the most documented effects are BP, HR and SV (Begin et al., 

1976; Gabrielsen, Johansen and Norsk, 1993; Peini et al., 1998; Šrámek et al., 2000; Keskinen et al., 

2003; Ayme et al., 2013).  

 

The present findings reported that Wstand produced the greatest decrease in WS. This is in agreement 

with the majority of the findings, that convey that sitting and standing have shown to produce the 

greatest effects on the variables.  

 

5.2.3 Functional Left Ventricle Data  
 
The present results document a significant increase in SV in Wsit compared to land, agreeing with 

Park, Park and Choi (1999), Ayme et al. (2013), Christie et al. (1990) and Weston et al. (1987) who 
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all immersed their participant in a sitting posture and reported a significant increase in SV. They all 

subjected their participant to different temperatures and depths.  

 

Cidre et al. (2005) reported a significant increase in SV and Q̇ when in a standing posture, this 

disagrees with the present findings for SV but agrees with Q̇. However, separating the sex, a 

significant different in SV was reported between both trials in males in standing and sitting was 

reported. This is in agreement with Cidre et al. (2005) who also used males participants. This sex 

difference in discussed further below, refer to section 5.3.3. Christie et al. (1990) disagrees by 

documented a significant difference in Q̇ while in a sitting posture, this can be recognised as an 

increase in HR due to the warm water immersion of 34°C however, they also reported an increase in 

SV. Conversely, this study was conducted 29 years ago, the technology and temporal resolutions of 

echocardiography has greatly improved in the 20 years since these investigations (Nagueh and 

Quiñones, 2014). 

 

From the current findings sitting demonstrated a greater impact on the following variables; SBP, DBP, 

EDV, WS and SV. Whereas, standing demonstrated a greater impact on HR and Q̇. Thus, Wsit 

produced the greatest effects on majority of the variables, this is interesting because sitting subjects the 

body to being deeper in shallow waters due to the bend of the legs, while standing subject the body to 

being spread out in deeper waters. In contrast to, Wlay posture where the body was positioned just 

under the surface of the water. This would suggest there was little hydrostatic pressure exerted on the 

body, reflected by the difference in results within this posture. Theoretically, this should not have 

significantly impacted BP. This suggests that minimal hydrostatic pressure impacts BP. This is 

interesting as all the other variables were unchanged during the Wlay trial. Further research needs to 

be conducted in the hydrostatic pressure exerted on the body in different postures to fully understand 

the mechanism. 

 

 



 
 

- 54 - 

5.3 Sex 
 
 
5.3.1 Haemodynamic Response  
 
 
Males and females reported a significant decrease in SBP between the two trials. A significant 

difference in SBP between males and females in standing, sitting and laying in the water trial (see 

table 4). Females and males reported a significant decrease in DBP between the two trials, although it 

was a greater decrease was observed in females. There was a significant difference for DBP between 

males and females in the Wstand and females displayed a greater decrease in HR than males. This 

conveyes there is a difference in CV response to water immersion dependant on sex.  

 

This is in disagreement with Waternpaugh et al. (1999) who observed an increase in males BP when 

compared to females in water. This could be attributed to the water temperature being set at 34°C, 

causing vasoconstriction of the arteries, increasing HR and BP. Moreover, this could also be due to the 

immersion time of 3 hours, if the participant needed to go to the toilet they were required to climb out 

of the pool and walk to the toilet and back. Therefore, the immersion was broken up by light exercise. 

Walking to the toilet with wet skin could induce shivering, which is considered light exercise 

potentially increasing BP and HR. Thus, skewing the data of rested water immersion. The research 

incorporating water immersion is male dominated, thus females have with limited research to compare 

to (Christie et al., 1990; Pernin et al., 1998; Park, Park and Choi, 1999; Ayme et al., 2013). The 

present findings are critical because hypertension displays a complicated relationship with endothelial 

cell dysfunction increasing the chance of a cardiovascular event (Dharmashankar and Widlansky, 

2010). Specifically, a rise in BP increases the peripheral resistance on the endothelial cells, this can 

weaken them allowing them to be compromised by LDL, leading to a plaque (Dharmashankar and 

Widlansky, 2010).  

Similarly, in the land trial standing, sitting and laying reported a significant difference in SBP  

between males and females. Rabbia et al. (2002) conveyed that males have higher SBP and lower HR 

than females. Specifically, males naturally have a larger heart than females, this indicates that an 
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increase in heart size permits the heart to eject more blood allowing for the decrease in HR and 

increase in SBP (de Simone et al., 1995; Huxley, 2007). 

 
The present study reported no difference in HR for males, however females, reported a significant 

decrease in HR in water when compared to land while standing. This lack of results in males is 

supported by Ayme et al. (2013) reported no change in the HR of their males participants. This works 

against the statement above that due to males naturally have a lower resting HR (de Simone et al., 

1995; Huxley, 2007). This lack of results in the present results and Ayme et al. (2013) could be 

explained by Callister, Johnson and Seals (1993) who used micro-neurography to determine that 

sympathetic nerve activity is higher in males than females at rest. Thus, a rise in sympathetic nerve 

activity will directly increase HR. Whereas, echocardiography has established that females display 

increased diastolic function as a result of the increase in the PSNS activity when compared to males 

(Grandi et al., 1992).  

 

In agreement with Waternpaugh et al. (1999) who reported that HR decreased more in females than 

males when in water compared to land. However, it should be noted this was not a significant sex 

difference. In disagreement Keskinen et al. (2003) who documented no significant difference in HR 

between males and females in water compared to land. This could be due to the water temperature as 

Keskinen et al. (2003) subjected their participant to 26°C, and Waternpaugh et al. (1999) allowed their 

participant to exit the pool, subjecting them to cold temperatures. This could induce shivering which 

can be considered light exercise. This is achieved in the form of muscular contractions to generate heat 

to maintain core temperature (Blondin and Haman, 2018). Muscle contraction stimulates vasodilation 

of the vessels in the contracting muscles, this dilation encourages an increase in blood flow, thus 

increasing HR to sustain this demand for blood (Barcroft and Millen, 1939). Therefore, impacting the 

data. This is critical because reducing HR increases the efficiency of the heart while decreasing the 

workload.  
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5.3.2 Structural Left Ventricle Data 
 

No significant difference was reported in EDV for males and females, although an increase can be 

observed between water and land. Wstand, Wsit, Lstand, Lsit and Llay all produced a significant 

difference between males and females. There was a significant difference between males and females 

between the water trial and land trial.  

 

Disagreeing with Cidre et al., (2005) who reported a significant difference in EDV for males between 

the water and land trial in a standing posture. Standing is not the only posture to generate significant 

difference in EDV, Park, Park and Choi (1999) reported a significant increase in EDV in water of 

30°C between land and water in a sitting posture. However, Park, Park and Choi (1999) used 

calculation to produce an estimate of EDV, this is not an accurate. Cidre et al., (2005) was conducted 

over 10 years ago and temporal revolutions has improved greatly since allowing a more accurate 

report of water immersion on the body to be documented (Nagueh and Quiñones, 2014).  

 

There was a significant difference in EDV for females in Wsit compared to land. This is difficult to 

compare to previous water immersion literature as this research area is male dominated, and the 

studies that have investigated females focus on HR and BP (Keskinen et al., 2003; Yun et al., 2004). 

However, Yamada et al. (2007) stated that naturally females have lower left ventricle volumes than 

males. In agreement with Natori et al. (2006) who reported that LV function particularly EDV are less 

in women 109.2±22.5ml than seen in men 142.2±34.0ml at rest. This supports the current study as 

females had significantly lower EDV values on land when compared to males (SEE TSBLE). This 

could explain why a significant difference in females between the water and land trials but not males. 

Females have a higher diastolic function than males, therefore the effects of water immersion are of 

greater magnitude in females (Natori et al., 2006). This is important as water immersion response 

dependant on sex will influence future research, knowing the full response of water immersion on both 

sexes allows future research to shape water immersion/exercise to the specific sex. An example of this 

is a personalise cardiac rehab program dependant on sex.  
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For EDV sitting produced the largest increase in EDV for females, whereas standing produced the 

greatest increase in EDV between both trials combining the two sexes. This is important as increasing 

EDV facilitates diastolic filling, resulting the heart being able to eject more blood per beat, reducing 

the workload of the myocardium. Thus, stimulating vasodilation of the arteries and reducing BP. This 

increase the hearts efficiency, health and disease prevention and is therefore, beneficial to a wide 

range of people, with or without CHD.  

 

The current study reported a difference in ESV for water and land between males and females (see 

table 6). Wstand, Wsit, Lsit and Wlay where all significantly different between males and females. 

This is another significant sex difference in water immersion and land, unfortunately there is no other 

previous literature to compare to the current study. However, this can be related to the work of 

Yamada et al. (2007) who stated that naturally females have lower left ventricle volumes than males, 

this could have been reflected during the two trials.  

 

The present study reported a significant difference for WS between water and land trials for females 

and overall Wsit demonstrated the greatest decrease in WS. Wsit and Wlay were significantly 

difference between males and females. These findings are essential as WS can cause arterial lesions, 

reducing this is vital in maintaining a healthy heart. Males exhibited a larger decrease in BP then 

females, but females displayed a significant different in WS. This is interesting as WS and BP are 

directly linked, decreasing BP usually decrease WS. This could be attributed to males increased 

sympathetic nervous system discussed below.  

 

5.3.3 Functional Left Ventricle Data  
 

In the current findings males produced a significant difference in SV between water and land trials. 

Wstand and Lsit displayed significant differences between males and females. Supported by Weston et 

al. (1987), Christie et al. (1990) and Cidre et al. (2005) who all reported a significant increase in SV 
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when immersing males participants. There was no significant difference in SV between water and land 

trials for females. In agreement with by Natori et al. (2006) who reported that SV is higher in men 

94.8 ± 21.3ml than women 78.2 ± 17.0ml at rest. Moreover, Huxley (2007) demonstrated that males 

have a 10% increase in SV than females, suggesting, this was enhanced by water immersion. It would 

be expected that SV would increase in both males and females, particularly as EDV increased in 

females and not in males within water compared to land. Thus, females left ventricle volume was 

higher than males, however, males SV increased whereas, females did not. This could be attributed to 

the naturally lower sympathetic nerve activity in females, this supresses contractibility and is enhance 

during water immersion. Males have a higher sympathetic nerve activity than females, this is inhibited 

within water but not diminished, explaining why males SV was higher than females. Due to the lack of 

research in females and water immersion there are no supporting studies.  

 

In the present findings males and females reported a significant difference for Q̇ between water and 

land trials (see table 8). In agreement with Yun et al. (2004) who immersed Korean females and 

reported a significant increase in Q̇ in water immersion compared to land. The female participants 

were Korean, but due to the male dominated research this is the material available to analyse the 

results. Furthermore, Natori et al. (2006) reported that Q̇ is higher in men 5.6 ± 1.2 L·min−1 than 

women 4.9 ± 1.1 L·min−1 on land. This is interesting as females displayed more of an increase in Q̇ 

than males during the water trial. This could be attributed to females displaying a higher HR than 

males within every posture in the water trial by 5  b·min−1, this non-significant increase in HR could 

increase Q̇. This aligns with the data of SV, that males displayed higher values in water than females, 

thus, this increase in Q̇ in males can be recognised as the increase SV not due to HR. Whereas, a small 

percentage of the increase in Q̇ in females can be accredited to the increase in HR, however, it is 

important to recognise that water immersion did significantly increase Q̇ regardless of the 5 b·min−1.In 

agreement with Callister, Johnson and Seals (1993) who determined that sympathetic nerve activity is 

higher in males than females at rest. In water the sympathetic nerve activity is supressed therefore, this 

increase in Q̇ could be attributed to a higher SV as opposed to an increase in HR.  
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The current study displayed a clear sex specific response to water immersion on the cardiovascular 

system. Due to the lack of research comparing the response of water immersion to sex, the results are 

compared to research on land. The common theme is that males demonstrate an increase in 

sympathetic activity whereas, females have an increase parasympathetic activity (Dart and Kingwell, 

2002). This increase in sympathetic activity is due to an increase in firing rate of the sympathetic nerve 

in leg muscles and increases in vascular beds and forearm vasoconstriction (Madden and Savard, 

1995; Yamasaki et al., 1995; Kneale et al., 1997). Males displayed significant differences in the 

following variables; SBP, DBP, SV and Q̇ between water and land. Thus, substantial improvements in 

the cardiac function of males can be noted. This can be beneficial to a wide range of people with or 

without CHD. The reason for no difference reported in HR, EDV can be accredited to the natural 

increase in sympathetic activity as HR increase reducing diastolic filling time when the sympathetic 

nervous system is stimulated. Females displayed significant differences in the following variables; 

SBP, DBP, SV, HR, EDV, WS and Q̇ between water and land. Thus, significant improvements in the 

cardiac function of females can be noted. This is reflective of the greater natural activity in the PSNS 

which was enhanced by the water immersion. This increase in males sympathetic activity works 

against the effects of water immersion reducing the cardiovascular response. This suggest that females 

response quicker to water immersion than males, conveying that extending this into future rehab 

programme would need to understand this sex different and alter the immersion time/depth/duration or 

posture to reap the full benefits of water immersion for both sexes. Particularly the depth as this 

naturally higher sympathetic activity within the males body may need greater hydrostatic pressure to 

supress this. Increasing the depths could increase the hydrostatic pressure to a point where the 

sympathetic activity can be supresses enough to document further benefits. There is a clear sex 

difference in cardiac response to water immersion, however, benefits can be reaped for both sexes. To 

conclude the finding of the current study can be relevant to a clinical population, as a way of reducing 

BP and improving cardiovascular function, although further research is needed to compare to.  
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5.4 Hydration  
 
Majority of the supporting studies did not monitor hydration levels; Weston et al. (1987), Park, Choi 

and Park (1999), Šrámek et al. (2000), Keskinen et al. (2003), Cidre et al. (2006) and Amye et al. 

(2013). This is crucial as hydration status directly impacts the cardiovascular system, dehydration of 3-

5% of body weight decreases blood volume by 3-5% (Mora-Rodriguez, et al., 1996;Fritzsche, et al., 

1999; Coylen and Gonzalez-Alonso, 2001).  Dill and Costill (1974) suggested that dehydration can 

decrease blood volume by approximately 9.6% in turn increasing blood viscosity. Consequently, this 

decrease in blood volume stimulates an increase in heart rate, inhibiting diastolic filling time, leading 

to a 28% decrease stroke volume and an 18% reduction in cardiac output. Therefore, the above studies 

reduced or potentially diminished the effects of water immersion as the hydration level were unknown 

for each trial. This could have impacted the result from each study. Thus, the current study measured 

hydration levels before each trial optimising and documenting the full effects of water immersion on 

the cardiovascular system.  

 

5.5 Limitations  
 
When laying in the prone position in the water, the participants were supported by floats. These floats 

kept the participants body just below the surface of the water. To support themselves the participants  

had both arms out of the water on the pool edge. Considering the effects of water immersion take 

place in the extremities, both of the above points may have impacted the results of the posture, as the 

laying depth would not generate enough hydrostatic pressure on the body to take effect. This is 

reflected in the results of the present study. Furthermore, in every posture the left arm was not 

immersed in water to allow for BP measurement to be taken. This could have impacted the results at 

the full body was not immersed in water. Future research could use a finometre to measure BP as this 

permits more of the arm to be immersed, allowing the full effects of water immersion to be observed.  
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5.6 Practical Implications  
 
Based on the present findings there is need for a longitudinal observation study, to investigate the long 

term effects of water immersion on the cardiovascular system. Monitoring participants immediately 

after water immersion to see how long the effects last should be considered for future research and 

investigating if this could be extended to CHF patients. Further investigations could lead to inclusion 

in rehab programmes. CHD is responsible for 170,000 deaths each year and currently, there are 3.9 

million men and 3.5 million women living with CHD in the UK. It has been documented that people 

aged 45-50yrs display increased rates of CHD, this is also prevalent in young adults as there is 

evidence of early stages of atherosclerosis. This increase in CHD can to attributed to the risk factors; 

physical inactivity, hypertension, obesity, adverse  profile, type 2 diabetes, smoking and a poor diet 

(Luma and Spiotta, 2006; Torpy, Burke and Glass, 2009). The results from this study suggest that 

water immersion can decrease SBP, DBP, WS and HR while increase EDV and SV. This is critical 

because hypertension and WS are indicators of CHD, improving these can bring many health benefits. 

Regardless of this, water immersion is not currently used in cardiac rehabilitations programs due to the 

risk associated with extreme water temperatures as it has been deemed dangerous for Chronic heart 

failure (CHF) patients (Smart and Marwick, 2004). Thermoneutral water has the potential to eliminate 

any of the risks associated with extreme water temperatures, allowing safe application for CHF 

patients. Supported by both Shah et al. (2018), Cidre et al. (2006) and Tanaka (2009) who all 

investigated thermoneutral water immersion on CHF patients and documented favourable cardiac 

adaptions while reporting no adverse reactions. The current findings can be applied to majority of the 

populations lives; healthy individuals, CHD patients or children as a way of improving cardiac 

function. An example of this is the prevalence of hypertension in children, approximately 31% boy 

and 26% of girls. Implementing water sports into the school curriculum has the potential to decrease 

this risk factor (Falkner et al., 2008). Lastly, rehabilitation programmes that feature water immersion 

have the potential to improve cardiac performance, whereas, an identical session performed in ambient 

air would not have the same favourable effect on cardiac function (Cidre, Svealy, Tang, 

Schaufelberger & Andersson, 2006; Mourot et al., 2009). 
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5.7 Conclusion  
 
This study established that 20 minutes of thermoneutral water immersion can improve cardiac function 

in both males and females, specifically sitting demonstrated the greatest impact on the cardiovascular 

system. This is attributed to the hydrostatic pressure aiding venous return, this stretches the 

baroceptors within the left cardiac cavity, stimulating the PSNS, by dilating arteries and reducing HR. 

This mechanism is the baroreceptor reflex, and its main role is to regulate BP. The baroreceptors 

detect stretch and report back to the central nervous system. This responds by dilating the arteries, 

impacting peripheral resistance and Q̇. Thus, displaying favourable adaptation to the myocardium 

structure and function. Water immersion had a greater impact on the variables for females when 

compared to males. Males have a naturally higher SNS; this inhibits the effects of water immersion. 

Therefore, water immersion may be beneficial to majority of the population as a way to strength and 

improve cardiac function. This can be taken further into rehabilitation programmes, as incorporating 

an element of water immersion to reap these benefits with no exercise necessary. Future research 

should consider combining water immersion in standing and sitting with exercise to explore whether 

there are more advantages to be reaped.  
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Chapter 6  
 
Appendices  
 

Appendix 1- Information Sheet Study 2 
 
 
 
 
Ethical Approval Number: 2019ISPAR002 
 
 

Institute of Sport and Physical Activity Research 
 

Participant Information Sheet 
 
'The Effects of Static Water Immersion in Different Postures on the Cardiovascular System in 
Healthy Male Participants.' 
 

Principal                Natasha Wing, University of Bedfordshire 
 
Investigators:        Joanna Richards, University of Bedfordshire 
 
Project date:  Oct 2018 – January 2020 
 
Email:  natasha.fisher@study.beds.ac.uk; jo.richards@beds.ac.uk 
 
Telephone:  07885914139 
  

Study title 
 
'The Effects of Static Water Immersion in Different Postures on the Cardiovascular System in 
Healthy Male Participants.' 
 
Invitation paragraph 
 
You are being invited to take part in this research study.  Before you decide it is important for 
you to understand why the research is being done and what it will involve.  Please take time 
to read the following information carefully. You can discuss this with others if you wish.  Ask 
us if there is anything that is not clear or if you would like more information, our contact 
details will be on the bottom of this form.  Take time to decide whether or not you wish to 
take part. Thank you for reading this.’ 
 
What is the purpose of the study? 
 
The purpose of this study is to identify the full effects of static water immersion in different 
body postures on the heart. It has been suggested that water immersion can trigger favourable 
adaptation to the heart, these include; an increase in stroke volume, cardiac output, ejection 
fraction while decreasing blood pressure and heart rate. This occurs from the hydrostatic 
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pressure of the water stimulating a shift in blood from the extremities to the thoracic cavity. 
These findings will be vital as improving the overall function of the heart could minimise the 
risk of cardiovascular disease and better future rehabilitation programmes. Furthermore, this 
study would like to pinpoint where this improvement in the heart lies, whether it be better 
cardiac filling or strong cardiac contraction.  
 
 
Why have I been chosen? 
 
This study will use 8 male and 8 female participants. You would have been chosen because 
you fit the criteria of a health male/female whom takes part in regular physical activity and 
has no history of cardiovascular disease.  
 
Do I have to take part? 
 
It is up to you to decide whether or not to take part.  If you do decide to take part, you will be 
given this information sheet to keep and be asked to sign a consent form and fill out a 
physical activity readiness questionnaire (PAR-Q). If you decide to take part, you are still free 
to withdraw at any time and without giving a reason.  A decision to withdraw at any time, or a 
decision not to take part, will not affect the standard of care you receive. 

 
What will happen to me if I take part? 
 
If you chose to proceed there will be two trials that you would need to attend. Both trials will 
be located at Flitwick Leisure Centre. Both trials will consist of one hour of testing and 
around half an hour of explaining, each visit will last around 1 and a half hours. On the days 
of the trials you will be asked to consume 2-3L of water the day before the trial, the same 
breakfast beforehand and arrive to the chosen location on time.  
 
Trial 1: Before both trials the females participant will be asked if they are on their menstrual 
cycle as the trials will be conducted on the days where they are not on their cycle. When you 
arrive at Flitwick Leisure Centre you will be asked to fill in a consent form and health 
questionnaire. First, hydration level will be taken, you will be taken to the toilet and asked to  
urinate in a container. You will need to bring swimming trunks/bikini to change into before 
entering the various depth pool. It should be noted that females will have to wear a bikini as 
opposed to a swimming costume to accommodate for the scanning process. You will then be 
measured from the neck down in each position; standing, sitting and laying. This is so we 
match the depth of the pool to the desired height, allowing accurate to the neck immersion. 
Once immersed you will remain quiet and still for 10 minutes. After this the session leader 
will conduct an ultra sound echocardiogram where they will use a probe to scan your heart 
under the water and measure your blood pressure through the use of a blood pressure machine 
on the pools edge. This should take a further 10 minutes. Resulting in your immersion time 
being 20 minutes per position. After this done you will be asked to exit the pool, to allow for 
the depth to be changed before you re-renter the pool for the next position. For the last 
position floats will be available to keep your head propped up and out of the water.  The steps 
are repeated until all 3 positions are completed. 
 
Trial 2: When you arrive at Flitwick Leisure centre you will be asked to fill in a consent form 
and health questionnaire. Please report in appropriate clothing, ideally sportswear. First, 
hydration level will be taken, you will be taken to the toilet and asked to urinate in a 
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container. You will be asked to replicate the positions from the first trials in ambient air; 
standing, sitting and laying. Once in position you will quietly and still for 10 minutes. After 
this the session leader will conduct an ultra sound echocardiogram, where they will use a 
probe to scan you heart and measure your blood pressure. This should take a further 10 
minutes. Resulting in a total of 20 minutes per position. You will then move into the next 
position and the steps are repeated until all 4 positions are completed. The positionings of the 
scanned are displayed below. 
 
The study’s data collection should last no longer than 2 months.  

 
 
 
 
 
 
 
 
 
 
 

 
 
What will I have to bring with me? 
 
You will need to bring appropriate swimming trunks/bikini, a towel, a jumper and a bottle of 
water.  
 
What are the possible benefits of taking part? 
 
The benefits of taking part in this study in that you will be contributing to the movement of 
science, in the journey of reducing the risk of cardiovascular heart disease and improving 
further rehabilitation programmes. While also reaping the cardiovascular improvement of 
water immersion. An echocardiogram picture can be given on request.  
 
 
Will my taking part in this study be kept confidential? 
 
All information which is collected about you during the course of the research will be kept 
strictly confidential.  Any information about you will have your name and address removed so 
that you cannot be recognised from it alongside every document being coded to keep the data 
anonymous.  
 
What will happen to the results of the research study? 
 
The results from this study will be reported, however like previously discussed no personal 
data will be included, just the raw figures. This will be published around 2020, where you will 
be able to obtain a copy. You will not be identified in any report or publication.   
 
Contacts for Further Information 
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Email: Natasha.Fisher@study.beds.ac.uk 
Email: Jo.Richards@beds.ac.uk 
Email: Louise.Croft@beds.ac.uk 
Number: 01234793385 
Number: 07885914139 
 
Alternatively, if you would like to speak with someone independent from the research study 
please contact: Laura Charalambous on Laura.Charalabous@beds.ac.uk 

 
Thank you for taking your time to read this information letter! 

Please keep this form for your records. 

mailto:Natasha.Fisher@study.beds.ac.uk
mailto:Jo.Richards@beds.ac.uk
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Appendix 2- Consent Form  
  
 
 
 
Ethical Approval Number: 2019ISPAR002 
 
 

 
Institute of Sport and Physical Activity Research 

 
Participant Consent Form 

 
'The Effects of Static Water Immersion in Different Postures on the Cardiovascular System in 
Healthy Male Participants.' 
 
Principal                Natasha Wing, University of Bedfordshire 
 
Investigators:        Joanna Richards, University of Bedfordshire 
 
Project date:  Oct 2018 – January 2020 
 
Email:  Natasha.fisher@study.beds.ac.uk; Jo.richards@beds.ac.uk 
 
 
Telephone:  +44 (0)1234 793385 
 
 
Please circle as appropriate: 
 
Have you received, read and understood a copy of the Information Letter?    Yes No 
 
Do you understand that your participation in this study is entirely voluntary?   Yes No 
 
Do you understand that you are free to refuse participation and have the right to 
withdraw at any time for any reason, and that all data collected from you at that 
time will be removed?         Yes         No 
 
Do you understand that your name will not be displayed in any reports, presentations 
or publications and you will be assigned a pseudonym (another name) for this purpose?  Yes        No 
 
Do you confirm that you have had an opportunity to ask questions and that your 
questions have been answered to your satisfaction?      Yes No 
 
 
Name of Participant ______________________________________________________________ 
 
Signature _______________________________________________________________________ 
 
Date___________________________________________________________________________ 
 

Thank you for your participation! 
Please complete and return this form to the research staff. 

 
 
Appendix 3- Health Screen Questionnaire 

mailto:Jo.richards@beds.ac.uk
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Name/Number ...............…….  
Male/Female  ...............……. 
Date of Birth ...............……. 
Health Screen Questionnaire 
 
As an individual participating in physical activity, it is important that you are currently in 
good health. This is to ensure your well-being and to try and prevent confounding data. 
 
Please complete this brief questionnaire to confirm your ability to participate: 
 
1. At present, do you have any health problem for which you are: 

(a) on medication, prescribed or otherwise  Yes  No  
(b) attending your general practitioner  Yes  No  
(c) on a hospital waiting list  Yes  No  
(d) recovering from an illness or operation  Yes  No  

 
2. In the past two years, have you had any illness or injury which required you to: 

(a) consult your GP  Yes  No  
(b) attend a hospital outpatient department  Yes  No  
(c) be admitted to hospital   Yes  No  

 
3. Have you ever had any of the following: 

(a) Convulsions/epilepsy   Yes  No  
(b)         Respiratory conditions such as 

asthma/bronchitis/ 
Turburculosis……………….. 

Yes  No  

(d) Eczema   Yes  No  
(e) Diabetes   Yes  No  
(f) A blood disorder   Yes  No  
(g) Head injury   Yes  No  
(h) Digestive/ Gastrointestinal problems   Yes  No  
(i) Heart problems/chest pains/ angina/heart 

attack/varicose vein/ 
embolism/aneurysm.……………………………. 

Yes  No  

(j) Problems with muscles, bones or joints (for 
example arthritis/back pain)  

Yes  No  

(k) Disturbance of balance/coordination   Yes  No  
(l) Dizziness / black outs / fainting  Yes  No  
(m) Disturbance of vision   Yes  No  
(n) Ear/hearing problems   Yes  No  
(o) Thyroid problems   Yes  No  
(p) Kidney or liver problems   Yes  No  
(q) Problems with blood pressure (low or high)  Yes  No  
(r)  A pacemaker   Yes  No  
(s) Chronic obstructive pulmonary disease (COPD) Yes  No  
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(t) Anaphylactic shock symptoms to needles, 
probes or other medical-type equipment 

Yes  No  

(u)  Any allergies or food intolerances Yes  No  

(v)  A history of heart disease in the family Yes  No  

(w)  Been pregnant or given birth in the last 6 
months 

Yes  No  

 
If YES to any question, please describe in more detail if you wish (for example, was the 
problem short lived, if it is controlled, if it is re-occurring, if your doctor has given you 
specific information/instructions regarding the problem).  
 
....................................................................................................................................... 
....................................................................................................................................... 
....................................................................................................................................... 
 
Please state what medication (if any) you are currently taking, explain briefly what the 
medication is for and how long you have been taking it. 
 
………………………………………………………………………………………………… 
....................................................................................................................................... 
....................................................................................................................................... 
 
 Do you have any other condition or disability that you feel we should be aware of? 

 
Yes 

                                      
No 

 

If yes, please briefly explain below: 
 
………………………………………………………………………………………………… 
....................................................................................................................................... 
 
 
Are you currently involved in any other lab activity at the University or elsewhere? 

 Yes  No  
If yes, please provide details.  
 
 

………………………………………………………………………………………………… 
 
Please provide contact details of a suitable person for us to contact in the event of any 
incident or emergency. 
 
Name:       Relationship to Participant: 
          …………………………………                                       ………………………….. 
 
Telephone Number:  Work  Home  Mobile 
……………………………………………………. 
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This completed questionnaire will be held in a locked filing cabinet in the Sport and Exercise Science Laboratories for a 
period of three years. After this time it will be shredded. Please ask for a photocopy of this questionnaire if you require one. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I declare that this information is correct, and is for the sole purpose of giving the tester 
guidance as to my suitability for the test. As far as I am aware, there is nothing that might 
prevent me from successfully completing the tests that have been outlined to me. 
 
Signed……………………………………………… Date…………………………… 
 
If there is any change in the circumstances outlined above, it is your responsibility to tell 
the person administering the test immediately.  
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Appendix 4- Ethical Approval Form  
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Appendix 5- Information Sheet Study 1  
  
 
 
Ethical Approval Number: 2019ISPAR002 
 
 
 

Institute of Sport and Physical Activity Research 
 

Participant Information Sheet 
 
'The Effects of Static Water Immersion in Different Postures on the Cardiovascular System in 
Healthy Male Participants.' 
 
Principal                Natasha Wing, University of Bedfordshire 
 
Investigators:        Joanna Richards, University of Bedfordshire 
 
Project date:  Oct 2018 – January 2020 
 
Email:  natasha.fisher@study.beds.ac.uk; jo.richards@beds.ac.uk 
 
Telephone:  +44 (0)1234 793385 
  
Study title 
 
'The Effects of Static Water Immersion in Different Postures on the Cardiovascular System in 
Healthy Male Participants.' 
 
Invitation paragraph 
 
You are being invited to take part in this research study.  Before you decide it is important for 
you to understand why the research is being done and what it will involve.  Please take time 
to read the following information carefully. You can discuss this with others if you wish.  Ask 
us if there is anything that is not clear or if you would like more information, our contact 
details will be on the bottom of this form.  Take time to decide whether or not you wish to 
take part. Thank you for reading this. 
 
What is the purpose of the study? 
 
The purpose of this study is to identify the reliability of the researcher ability to scan and 
measure the variables for a separate study.  This reliability study is to validate the researcher 
for data collection in another study. That study will be effects of static water immersion in 
different body postures on the heart. It has been suggested that water immersion can trigger 
favourable adaptation to the heart, these include; an increase in stroke volume, cardiac output, 
ejection fraction while decreasing blood pressure and heart rate. This occurs from the 
hydrostatic pressure of the water stimulating a shift in blood from the extremities to the 
thoracic cavity. These findings will be vital as improving the overall function of the heart 
could minimise the risk of cardiovascular disease and better future rehabilitation programmes. 

mailto:jo.richards@beds.ac.uk


 
 

- 85 - 

Furthermore, this study would like to pinpoint where this improvement in the heart lies, 
whether it be better cardiac filling or strong cardiac contraction.  
 
Why have I been chosen? 
 
This study will use 6 male participants, as the follow up study will be using males. You would 
have been chosen because you fit the criteria of a health male whom takes part in regular 
physical activity and has no history of cardiovascular disease.  
 
Do I have to take part? 
 
It is up to you to decide whether or not to take part.  If you do decide to take part, you will be 
given this information sheet to keep and be asked to sign a consent form and fill out a Health 
Questionnaire. If you decide to take part, you are still free to withdraw at any time and 
without giving a reason.  A decision to withdraw at any time, or a decision not to take part, 
will not affect the standard of care you receive. 
 
What will happen to me if I take part? 
 
If you chose to proceed there will be two trials that you would need at attend. Both of these 
will be held at the University of Bedfordshire labs, you will have to attend in appropriate 
sports clothing and fill out a consent form and health questionnaire. Two tests will be 
conducted; a measurement and imaging reliability. All that is required of you is to lie on the 
bed provided and be scanned by the researcher on two different occasions. The positioning of 
the scans is displayed below, the parasternal long axis view and apical 4 chamber. This study 
is to validate the researchers as a reliable echocardiogram analyser.   

 
 
 
 
 
 
 
 
 
 
 

 
 
What are the possible benefits of taking part? 
 
The benefits of taking part in this study in that you will be contributing to the movement of 
science, in the journey of reducing the risk of cardiovascular heart disease and improving 
further rehabilitation programmes. An echocardiogram picture can be given on request.  
 
 
Will my taking part in this study be kept confidential? 
 
All information which is collected about you during the course of the research will be kept 
strictly confidential.  Any information about you will have your name and address removed so 
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that you cannot be recognised from it alongside every document being coded to keep the data 
anonymous.  
 
What will happen to the results of the research study? 
 
The results from this study will be reported, however like previously discussed no personal 
data will be included, just the raw figures. This will be published around 2020, where you will 
be able to obtain a copy. You will not be identified in any report or publication.   
 
Contacts for Further Information 
 
Email: Natasha.Fisher@study.beds.ac.uk 
Email: Jo.Richards@beds.ac.uk 
Email: Louise.Croft@beds.ac.uk 
Number: 01234793385 
Number: 07813863713 
 
Alternatively, if you would like to speak with someone independent from the research study 
please contact: Laura Charalambous at Laura.Charalabous@beds.ac.uk 
 

Thank you for taking your time to read this information letter! 
Please keep this form for your records. 

 

mailto:Natasha.Fisher@study.beds.ac.uk
mailto:Jo.Richards@beds.ac.uk
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