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R E S U M E N

Correlación entre variables fisiológicas y el índice de esfuerzo percibido durante una 
clase de ejercicios acuáticos

Objetivo. Evaluar la correlación existente entre frecuencia cardiaca (FC), consumo de oxígeno (VO2), con-
centración de lactato plasmático [Lac] y el índice de esfuerzo percibido (IEP) durante una clase de ejercicios 
acuáticos.
Método. En el estudio participaron 15 mujeres jóvenes (18-25 años de edad). El consumo de oxígeno y la 
frecuencia cardiaca se midieron cada 20 segundos; las mediciones de la [Lac] y del IEP se efectuaron cada 5 
y 50 segundos. La normalidad fue evaluada mediante el empleo del test Shapiro-Wilk. Los datos se analiza-
ron mediante el coeficiente de correlación de Pearson.
Resultados. VO2 mostró una relación significativa con la FC y la [Lac] durante la sesión de ejercicios acuáti-
cos. Se registró una correlación entre FC y la [Lac] en cinco de las seis etapas de ejercicios en las que se divi-
dió la parte principal de la sesión de clase.
Conclusiones. La FC y la [Lac] pueden ser utilizadas de manera alternativa ya que ambas pueden ser calcu-
ladas fácilmente, además de ser los parámetros más fiables para la prescripción y el control de la intensidad 
de las clases de ejercicios acuáticos en las mujeres jóvenes. 
© 2014 Revista Andaluza de Medicina del Deporte.
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A B S T R A C T

Objective. To evaluate the correlation between heart rate (HR), oxygen consumption (VO2), blood lactate 
concentration [lac] and rate of perceived exertion (RPE) during a water exercise class (WEC).
Method. The study included fifteen young women (18-25 yrs). VO2 and HR were collected every 20 se-
conds; [Lac] and RPE were collected every 5 minutes and 50 seconds. Normality was tested using the Sha-
piro-Wilk test and data analysis using Pearson`s correlation.
Results. VO2 showed a significant correlation with HR and [Lac] throughout the class. When considering the 
main body of the workout, in which groups of movements were divided into six stages, HR and [Lac] were 
correlated at five of the stages.
Conclusion. HR and [Lac] are alternative measures because they are easily determined, in addition to being 
the most reliable parameters for prescribing and controlling the intensity in water exercise classes in young 
women. 
© 2014 Revista Andaluza de Medicina del Deporte.
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The WEC took place in a laboratory tank (1.71 m diameter and 1.5 m 
depth), led by the same experienced instructor with the same music; 
with a cadence of 136 beats per minute (bpm). Water temperature was 
kept at between 32 and 33 ºC13 and water level was adjusted to each 
participant´s xiphoid process2,14-15. 

The protocol was defined taking into account that physiological varia- 
bles (HR, VO2 and [Lac]) reach a steady state after 140 seconds of sub-
maximal exercise15. Every 140 seconds a different muscle group was 
employed, avoiding focusing on any single muscle. Upper and Lower 
Limb Movements (ULM and LLM) were maintained for 70 and 350 se- 
conds, respectively. That is, for each LLM there were five ULM. 

The WEC consisted of 5 minutes of stretching (deltoid, pectoralis, 
latissimus dorsi, quadriceps and calf) and warm-up (cervical, shoulders, 
elbow, fist and hip); 35 minutes of aerobic workout (30 exercises in 6 
stages resulting from different ULM and LLM combinations); and 5 min-
utes cool-down and stretching (deltoid, biceps, triceps, pectorals, dorsal, 
latissimis dorsi, quadriceps, hamstrings and calf). The WEC intensities 
were organized in such a way that they approximated the pyramid 
method adapted for the aquatic environment2. The exercise intensities 
increased progressively from stages 1 to 4, and then the intensity de-
creased in stages 5 and 6.

During the 45 minutes of exercises, blood samples for lactate analy-
ses were collected at the end of every stage (every 350 seconds), and VO2 
and HR were obtained every 20 seconds. Mean values of VO2 and HR 
from the last 210 seconds in each stage were utilized in the analysis. 
Every 30 seconds before the end of the six stages, each participant indi-
cated their RPE using the Borg Scale16. 

Statistical analysis

All data were analyzed using SPSS (version 13.0). Normality of data was 
confirmed using the Shapiro-Wilk test. Pearson`s correlation was used 
to investigate the correlation between physiological variables. The 
Spearman correlation was used to investigate the correlation between 
the physiological variables and RPE. The significance level was set at 
0.05. 

RESULTS

The final sample was composed of 15 healthy women, with a mean age 
of 23 ± 2.05 years, body weight 54.29 ± 6.62 kg, height 159.60 ± 6.58 cm, 
body fat 22.73 ± 3.88% and body mass index 21.35 ± 2.57 kg/m2. 

Table 1 presents the mean and SE for the physiological and intensity 
variables (HR, VO2, [Lac] and RPE) measured at rest and at the six stages 
of the water exercise class.

Statistical correlation results between physiological and intensity 
variables measured at rest and during the six stages of the water exer-
cise class are shown in table 2. 

DISCUSSION

The participants of the present study represented a very homogeneous 
sample being composed entirely of physically active young women with 
body compositions within the health recommendations for body mass 
index (BMI)17 and BF%10. As expected with the use of the pyramid me-
thod2,15, mean measures of physiological and intensity variables indi-

INTRODUCTION

Water exercise has become a method for improving physical condition 
in both healthy elderly women1 and female college students2. However, 
the way that different water exercises and their intensities are related 
to the effective improvement of physical fitness is still unclear. 

Oxygen consumption (VO2) and blood lactate concentration ([Lac]) 
are reliable measures for analyzing exercise intensity3. However, it is un-
feasible to measure VO2 and [Lac] variables during a daily exercise rou-
tine4. Heart rate (HR) and the rate of perceived exertion (RPE) are alter-
native measures because they are easily obtained and seem to maintain 
a relationship to VO2 and [Lac] in cyclic exercises (walking and running), 
on land4 and in the water5.

However, studies considering isolated water exercise movements 
showed that HR was positively correlated with VO2 in only one from a 
total of eight different movements and that there were no correlations 
between RPE, HR and VO2 variables6; there was a positive and significant 
correlation only between VO2 and [Lac]. Moreover, there is no consensus 
regarding HR and VO2 responses in water exercise classes (WEC). Stu-
dies7-9 have shown different results regarding the responses of HR and 
VO2, but they have not verified the correlations between these variables. 

Generally, a regular WEC for physical conditioning is acyclic, com-
posed of different movements performed at different intensities and in 
different sequences. Since studies analyzing the relationship between 
exercise intensity variables in a WEC were not found in the literature, the 
relationship between HR, VO2, [Lac] and RPE variables is still not clear in 
this context. Therefore, the present study aimed to evaluate the correla-
tion between HR, VO2, [Lac] and RPE during a WEC.

METHOD

Subjects

This study was approved by the Universidade Federal de Santa Maria 

Ethic´s Committee (number 0162.0.243.000-07). Healthy female univer-
sity students, who volunteered and gave written informed consent, 
were selected to participate in the study. The inclusion criteria were; 
aged from 18 to 29 years, not taking any medications, and having par-
ticipated regularly in WEC for at least six months.

Procedures

A body composition assessment was performed during the postmen-
strual phase (6-10 days). Skinfolds (midaxillar, suprailiac, thigh and calf) 
were assessed using a caliper (CescorfTM); body height was measured 
using a calibrated wooden stadiometer, and body mass was measu- 
red using a calibrated balance-beam scale (Welmy) according to the an-
thropometric standardization manual10. The women`s body densities11 
and body fat percentages (BF%)12 were calculated.

Resting metabolic and cardiovascular measurements were taken in a 
seated position after resting for 10 minutes. VO2 (TEEM 100 gas analyzer, 
AeroSport Inc.) and HR (Polar®-Accurex Plus) values were registered 
every 20 seconds over a period of 5 minutes. Following this, a blood 
sample was taken from each participant´s earlobe, collected in a capil-
lary tube, and placed in an eppendorf tube (EKF-Diagnostic) with an an-
ticoagulant liquid. Lactate level was measured using a Biosen 5030 porta- 
ble lactometer (EKF-Diagnostic).
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expected [Lac] equilibrium after the 5th minute of aerobic exercise4. In 
contrast, Kruel et al.9 found no significant correlation between HR x [Lac] 
in older women, studying isolated exercise movements performed in 
water for 5 minutes at a moderate RPE. 

Regarding the HR x RPE correlation, the present study showed no 
significant correlation at any stage. A study using exercises performed 
on land showed that RPE is an alternative way to control the physical 
exercise effort intensity16. It would be of great benefit if HR and RPE 
could be used to determine the intensity of water exercises on a regular 
basis. 

However, studies performed in the aquatic environment are contro-
versial and there may not be enough information to reach a conclusion 
on the relationship between HR and RPE in water exercises21. Some 
studies have found correlations between HR and RPE in aquatic tread-
mill walking5,22 and swimming23 but others did not find a correlation 
between these variables using eight water exercises at 60 bpm in post-
menopausal women6, and comparing swimming with cicloergometry24. 

The RPE was only statistically significantly correlated to VO2 and 
[Lac] at stages 3 and 4. The exercises performed during these stages re-
quired larger muscle groups and projected areas that resulted in an in-
creased effort intensity25. These high-intensity exercises may have led 
subjects to a better perception of the physiological workload. 

The lack of significant correlation in the less intense workload stages 
might be explained by some characteristics of the aquatic environment. 
Exercising in water might provide a sense of well being because of its 
minor impact on biomechanical alterations9 and/or on thermodyna- 
mics25 compared to exercising on land. These differences, together with 
the increased buoyancy of the water, might mislead the perception of 
intensity, and subjects might be able to identify the effort only in situa-
tions of greater stress imposed by the exercise distinction.

In summary, a correlation was found between VO2 and both HR and 
[Lac], but also between HR and [Lac] during the whole WEC. In a daily 

cated that the intensity of the water exercise class increased progres-
sively from stage 1 to 4, and then the intensity decreased during stages 
5 and 6. It should be highlighted that the pyramid method is often used 
for improving physical fitness18.

Regarding the correlation results, the present study indicated that 
HR x VO2, and [Lac] x VO2 were positively and significantly correlated at 
all stages, as well as HR x [Lac], but the latter was not statistically sig-
nificant at stage 2. RPE was positively and significantly correlated with 
VO2 and [Lac] only at stages 3 and 4. In addition, no significant correla-
tion was found between RPE x HR.

The relationship between HR and VO2 is already well established in 
land-based4 and cyclic water exercises5. However, such a relationship 
seems not to be found in water exercise studies that considered only 
individualized exercises. Kruel et al.9 found no correlation between HR 
and VO2 in any of the five performed exercises. In the study by Olkoski et 
al.6, these variables were positively correlated in only one out of eight 
exercises performed at 60 bpm.

Kruel et al.19 reported a lower HR in exercises in water than on land 
due to a decreased hydrostatic weight with immersion leading to chan- 
ges in central venous blood which could justify different HR responses in 
relation to VO2 in studies which focused on responses from individuals 
performing water aerobic exercises. 

However, the resistance force created by a moving body takes into 
account the density of the fluid in which the movement is being per-
formed, the projected area and the speed at which it is performed. The 
decreased hydrostatic weight in water is compensated for by the higher 
density of the water compared to the air, resulting in increased HR va- 
lues and explaining the correlation between HR and VO2

20 in water exer-
cise classes.

The present study showed that the HR x [Lac] correlation was sig-
nificant in most stages of the class. The lack of statistical significance for 
HR x [Lac] correlation at stage 2 (5-11 minutes) can be explained by the 

Table 1
Mean and standard error (SE) of physiological and intensity variables at rest and each stage of the water exercise class

Variable Rest Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

[Lac] (mmol) 1.59
(0.82)

2.50
(1.24)

2.58
(1.26)

4.26
(2.07)

4.46
(2.30)

4.23
(2.03)

3.42
(1.76)

VO2 (ml.kg.min) 6.21
(1.64)

19.17
(3.66)

22.00
(4.50)

30.54
(5.71)

31.13
(6.01)

24.18
(4.57)

20.65
(4.41)

HR (bpm) 78.6
(7.7)

129.8
(16.0)

139.8
(17.0)

163.4
(17.0)

167.2
(16.0)

156.5
(18.0)

146.5
(17.0)

RPE - 8 10 12 13 12 11

HR: heart rate; [Lac]: blood lactate concentration; RPE: rate of perceived exertion; VO2: oxygen uptake.

Table 2
Correlation coefficients (r) and significant levels (p) between HR, VO2, [Lac], and RPE during the 6 stage exercise class

Stages

Variable

1 2 3 4 5 6

HR x VO2 r
p

0.642
0.010

0.706
0.003

0.714
0.003

0.795
0.000

0.818
0.000

0.794
0.000

HR x [Lac] r
p

0.576
0.025

0.512
0.051

0.818
0.000

0.768
0.001

0.693
0.004

0.678
0.005

VO2 x [Lac] r
p

0.570
0.026

0.609
0.016

0.810
0.000

0.861
0.000

0.663
0.007

0.539
0.038

RPE x HR r
p

-0.013
0.962

0.091
0.746

0.411
0.128

0.259
0.352

0.071
0.801

0.210
0.452

RPE x VO2 r
p

0.069
0.808

0.339
0.217

0.756
0.001

0.552
0.033

-0.022
0.938

0.005
0.985

RPE x [Lac] r
p

0.065
0.818

0.455
0.088

0.665
0.007

0.660
0.007

0.166
0.554

0.121
0.667

HR: heart rate; [Lac]: blood lactate concentration; RPE: rate of perceived exertion; VO2: oxygen uptake.
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9. Kruel LFM, Moraes EZC, Ávila AOV, Sampedro RMF. Alterações fisiológicas 
e biomecânicas em indivíduos praticando exercícios de hidroginástica 
dentro e fora d'água. Kinesis. 2001; Special number:104-54.

10. Heyward VH, Stolarczyk LM. Applied body composition assessment. 
Champaign: Human Kinetics Publishers, 1996.

11. Petroski EL, Neto CSP. Validity of anthropometric equations for the estima-
tion of body density in women. Rev Bras Ativ Fís Saúde. 1995;2:65-73.

12. Siri WE. Body composition from fluid spaces and density: analysis of 
methods. In: Brozek, J, Henschel A, editors. Techniques for measuring body 
composition. Washington DC: National Academy of Sciences; 1961. p. 223-
4.

13. McArdle WD, Magel JR, Lesmes GR, Pechar CS. Metabolic and cardiovascu-
lar adjustment to work in air and water at 18, 25 and 33ºC. J Appl Phys. 
1976;40:85-90.

14. Alberton CL, Coertjens M, Figueiredo PAP, Kruel LFM. Behavior of oxygen 
uptake in water exercise performed at different cadences in and out of 
water. Med Sci Sports Exerc. 2005;37:Suppl 103.

15. Moraes EZC, Kruel LFM, Sampedro RMF, Lopes LFD. Metodologia de medida 
de esforço para exercícios de hidroginástica em diferentes profundidades 
de água. Kinesis. 2002;27:43-64.

16. Borg, G. Escalas de Borg para Dor e o Esforço Percebido. São Paulo: Manole, 
2000.

17. World Health Organization - WHO. Preventing and managing the global 
epidemic of obesity. Report of the World Health Organization Consultation 
of Obesity. Geneva: Who Technical report Series; 2009;253

18. Borin JP, Gomes AC, Leite GS. Sporting preparation: aspects of load training 
control in collective games. Rev Ed Física. 2007;1:97-105.

19. Kruel LFM, Tartaruga LAP, Alberton CL, Graef F, Petkowicz R. Effects of hy-
drostatic weight on heart rate during immersion. IJARE. 2009;3:178-85.

20. Pöyhönen T, Sipilä S, Keskinen KL, Hautala A, Savolaine NJ, Mälkiä E. Effects 
of aquatic resistance training on neuromuscular performance in healthy 
women. Med Sci Sports Exerc. 2002;12:2103-9. 

21. Graef FI, KrueL LFM. Heart rate and perceived exertion at aquatic environ-
ment: differences in relation to land environment and applications for 
exercise prescription - a review. Rev Bras Med Esporte. 2006;12:221-8. 

22. Fujishima K, Shimizu T. Body temperature, oxygen uptake and heart rate 
during walking in water and on land at an exercise intensity based on RPE 
in elderly men. Appl Human Sci. 2003;2:83-8.

23. Green JM, Michael T, Solomon AH. The validity of ratings of perceived exer-
tion for cross-modal regulation of swimming intensity. J Sports Med Phys 
Fitness. 1999;3:207-12.

24. Ueda T, Kurokawa T. Relationships between perceived exertion and physio-
logical variables during swimming. Int J Sports Med. 1995;6:385-9.

25. Pendergast DR, Lundgren CEG. The underwater environment: cardiopul-
monary, thermal and energetic demands. J Appl Phys. 2009;6:263-76.

routine, HR seems to be the best parameter to determine and control the 
effort intensity in WEC. Furthermore, if [Lac] can be obtained, it has been 
shown as an efficient measure. Therefore, we suggest that water exer-
cise instructors take into account HR and [Lac] when programming 
classes. Further studies are needed to verify the correlation between RPE 
and direct measurement of exercise intensities since this study found 
RPE correlated to VO2 and [Lac] only at the higher intensity stages.
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