
INTRODUCTION: 

 

Shallow water exercise (SWE) is a low-impact exercise due to the 

buoyancy effect (upward force) of water. Participants are typically 

immersed anywhere from waist to axillary level when performing 

SWE.  One way of quantifying exercise intensity is to use rating of 

perceived exertion (RPE; Borg 6 to 20 Scale (7)). Very light efforts 

equate to a RPE of 9,  somewhat hard equates to RPE-13, hard efforts 

are RPE-15, very hard efforts are RPE-17, while theoretical maximum 

is RPE-20. A unique aspect of the present study is that RPE was used 

by participants to self-regulate exercise intensity while performing 

SWE.  This approach was deemed appropriate especially given that it 

is difficult to systematically control SWE intensity unlike regulating 

running speed during treadmill walking or jogging, or power output for 

a bicycle laboratory test (1).  It is known that exercise intensity impacts 

energy expenditure and relative fuel (carbohydrate, fat) use.  Most 

studies regarding energy expenditure and fuel use during human 

locomotion have examined land based exercises (4,8,9,10). A reason 

for this is that conducting physiological measurements while an 

individual is exercising on land is convenient, whereas conducting such 

assessments in water is difficult. 

 

PURPOSE: 

 

The primary aim of this descriptive investigation was to measure 

energy expenditure (EE) and whole body carbohydrate (CHO) and fat 

oxidation during shallow water exercise (SWE). As a secondary aim, 

we examined the use of RPE as a way of self-regulating SWE intensity.   

The following primary research questions were addressed: 
 

1. What is the energy expenditure associated with  performing SWE over a 

range of exercise intensities? 

2. Does the rate of CHO and fat oxidation change with increasing SWE 

intensities? 

 

 

PARTICIPANTS: 

• Five physically active females volunteered to participate (n=5) 

• Age: 22 + 3 yrs. (Range: 18-26 yrs.) 

• Weight: 68.4 + 7.0 kg (Range: 61.8-79.6 kg) 
• Height: 168.1 + 3.8 cm (Range: 164.6-173.7cm) 

 

METHODS: 
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Figure 1.  Rate of energy expenditure (kCal/min) for SWE submaximal (RPE = 9,11,13,15,17) and 

maximal (RPE-20) exercise bouts in healthy, young, females (n = 5). Data presented as mean+SD.  

Figure 3. Relative percent contribution of CHO (blue) and fat (red) for SWE 

(RPE 9,11,13,15,17) SWE in healthy, young females (n=5). Data presented as  mean+SD.  

 

Figure 2. Whole body fat and CHO oxidation during SWE in healthy, young females (n=5). 

Data presented as mean+SD.  

• Overall, energy expenditure increased in a step-wise fashion from RPE 9 

(very light), 11, 13, 15, 17 to 20 (maximum) (Figure 1). 

• From very light (RPE 9) to very hard efforts (RPE 17) (submaximal efforts) 

the rate of energy expenditure increased 200% (3.5+0.7 to 10.5+1.3     

Kcal.min -1, respectively) (Figure 1).  

• During maximal exercise (RPE 20) subjects expended 13.2+1.7 Kcal.min -1. 

This metabolic value represents maximal aerobic power, which is estimated, 

in this case, at approximately 13 times above resting metabolic rate.  

• As intensity (RPE) increased, CHO oxidation increased in a linear fashion 

over submaximal exercise intensities (RPE 9 – 17) with a steeper rise from 

RPE 17 to RPE 20 (Figure 2).  

• From very light (RPE 9) to very hard (RPE 17) intensities, relative CHO 

oxidation increased 370% (2.0+1.0 to 9.4+1.8 Kcal.min -1, respectively), while 

fat oxidation remained relatively low (RPE 9-15) or negligible (RPE 17, 20) 

(Figure 2). 

• Relative contribution of CHO and Fat are illustrated in Figure 3. Overall, 

percent contribution of CHO increased while percent fat contribution 

decreased over the continuum of exercise efforts  (Figure 3). 

 

Discussion: 

• The rate of CHO and fat oxidation changes with increasing exercise intensity 

and energy expenditure. CHO was the fuel of choice as exercise intensity 

increased.  

• The metabolic breakdown of CHO results in a greater rate of energy 

resynthesis compared to fat (2,3). Thus, the increasing rate of CHO use noted 

in this study was essential in meeting the increased energy demands 

associated with working at greater SWE intensities (see Figures 1 and 2). 

• This study also highlights that shallow water exercise can elicit a metabolic 

rate that is favorable for realizing health benefits.  For example, at a rating of 

perceived exertion of 13 (somewhat hard), participants were working at ~ 

54% of their peak energy expenditure. This relative effort would be classified 

as a moderate intensity according to the American College of Sports Medicine 

(1), which is a feasible workload for most apparently healthy individuals.  

• The use of rating of perceived exertion to regulate shallow water exercise 

intensity appears promising given the systematic step-up in energy 

expenditure from RPE 9 (very light) to RPE 20 (maximum). 

 

 

RESULTS:  

Table 1. RPE, time, exercise sequence, and movement corresponding with 

each submaximal and maximal bout  

Submaximal  

RPE Time (min) Movement Gloved Hands/Arms 

9 5 Jog Neutral Gloves 

11 5 Tuck Jumps Plunge 

13 5 X-C Ski Slice 

15 5 Deep Split Jump Lunge Fists 

17 5 Alternating Long Leg Kicks Icebergs  

Maximal  

RPE Time (min) Movement Gloved Hands/Arms 

17-18 1 Jog Neutral Gloves 

17-18 1 Tuck Jumps Open hands and scoop 

18 1 X-C Ski Push/Pulls 

19 1 Deep Split Jump Lunge Push/Fist 

20 1 Alternating Long Leg Kicks Extended & Submerged 

References: 
1. Adams G. “Exercise Physiology Laboratory Manual” McGraw-Hill 1998. 

2. American College of Sports Medicine. ACSM’s Guidelines for exercise testing and  prescription. 9th ed.  Lippincott Williams & Wilkins, Baltimore 

2014. 

3. Brooks G, Mercier J. Balance of carbohydrate and lipid utilization during exercise: the “crossover” concept  J. Appl. Physiol. 1994;76(6): 2253-2261. 

4. Jeudendup A. “High-carbohydrate versus high-fat diets in endurance sports” Sportmedizin und Sporttraumatologie 2003; 51(1) 17-23.  

5. McArdle W, Katch F, Katch V. Exercise Physiology: energy, nutrition, and human performance. 6th ed. Lippincott Williams & Wilkins 2007. 

6. Miller L, D’Aquisto L, Fisher M, Gerrish H, Roemer K, D’Aquisto D, “Cardiorespiratory Responses to High Intensity Interval Shallow Water 

Exercise”. (May 21, 2015) Symposium of University Research and Creative Expression (SOURCE). Paper 77. 

http://digitlacommons.cwu.edu/source/2015 posters/77 

7. Noble B, Robertson R. “Perceived Exertion”. 1996 

8. Spriet L. “New Insights into the Interaction of Carbohydrate and Fat Metabolism During Exercise” Sports Med 2014; (S. 1): S87-S96.  

9. Talanian J, Galloway S, Heigenhauser G, Bonen A, Spriet L. “Two weeks of high-intensity aerobic interval training increases the capacity for fat 

oxidation during exercise in women” J Appl Physiol 2007; 102: 1439-1447.  

10. Valizdeh A, Khosravi A, Azmoon H R.“Fat Oxidation During and After Three Exercise Intensities in Non-Athlete Young Men” World Applied 

Sciences Journal. 2011;15 (9): 1260-1266.  

  

CHO 

Fat 

http://digitlacommons.cwu.edu/source/2015 posters/77

