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Cardiorespiratory responses to basic aquatic exercise � A pilot study
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Abstract
This study aimed to examine cardiorespiratory responses to six basic aquatic exercises and to compare the impact of the
exercises between healthy females (H group, n�/10) and females with diagnosed cardiopulmonary diseases (C group, n�/

10). The average age of the participants was 52.6(9/5.9) years. Each exercise was performed for 3 min. During the exercises,
heart rate (HR), oxygen consumption (VO2), blood lactate concentration (BLA), and rate of perceived exertion (RPE) were
measured. In each pair of exercises, the latter part was more strenuous than the first. Walking in place was least and cross-
country skiing the most strenuous mode of exercise. Energy expenditure (EE) ranged between 2.59/0.8 MET in the C
group and 6.09/1.6 MET in the H group. RPE ranged between 11.09/2.5 in the C group and 13.69/2.4 in the H group.
The C group had significantly lower HR in cross-country skiing and running forward, as well as lower VO2 in running in
place, cross-country skiing and running forward, as compared to the H group. BLA in the C group was significantly lower
than in the H group. We conclude that the studied aquatic exercises may be utilized as an aerobic exercise with moderate to
moderately high strain for both groups.
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Introduction

The history of hydrotherapy dates back to 2400 BCE

in the proto-Indian culture. Later, in 500 BCE, the

ancient Romans produced a series of baths ranging

from the caldarium to the tepidarium and frigidar-

ium. The baths were used for both hygiene and

health, e.g. for healing of rheumatic diseases and

paralysis. Today, the purposes of aquatic exercises

are still the same, i.e. to gain refreshment and

physical fitness in healthy people and to be effec-

tively used in the rehabilitation of severely injured

patients (1,2).

Aquatics are defined as gymnastics performed in

water utilizing the hydrodynamic features of water.

The goals of aquatics are similar to those of regular

gymnastics, i.e. recreation, social networking, and

the improvement and maintenance of physical,

mental and social capabilities. The specific goals of

aquatics in the practice of therapy are the reduction

of pain and muscular tension; the maintenance and

improvement of joint movements, muscular

strength, balance and coordination; reduction of

the loading of joints; and cardiorespiratory training

(3,4).

Aquatics have been recommended for low-risk

cardiac patients, but for those who suffer from severe

cardiac symptoms, the recommendations are un-

clear. This is mainly due to hydrodynamic charac-

teristics of water (hydrostatic pressure, buoyancy

and resistance), which have considerable effects on

the human cardiorespiratory system. Mean pulmon-

ary artery and capillary pressure increase tempora-

rily under water because of the water pressure

surrounding the body (5). Water immersion in-

creases central blood volume because of the negative

trans-thoracic pressure and reduction in peripheral

blood flow (6). Central venous and right atria

pressures increase 15�20 mmHg, while left ventri-

cular volume increases. All in all, this produces an

increase in cardiac output by 30% and in stroke

volume by 35�45% (5,7,8). The central blood
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volume and stroke volume increases together with

the decrease in the heart rate (HR) during maximal

effort, but there is no clear consensus on HR

response during submaximal exercise (6�8).

Due to thoracic compression during water immer-

sion, there is a decrease in pulmonary residual

volume and an increase in intra-thoracic blood

pooling (6,9). Hydrostatic chest compression with

central hyper-volemia and reduced lung volumes

may also be responsible for the increased reliance on

increases in breathing frequency to increase lung

ventilation (VE) and oxygen consumption (VO2), in

order to meet the strain of physical activity in water

(8).

Even though aquatics have been considered a safe

method in clinical practice especially for rehabilita-

tion of joints, the physiological strain of aquatic

exercises on human cardiorespiratory system has not

been examined previously. Therefore, the purpose of

this study was to assess the physiological strain

imposed by commonly used aquatic exercises. An-

other goal was to observe if any variations and

differences exist between healthy women and women

with cardiorespiratory diseases.

Methods

Twenty female volunteers were selected to serve as

subjects. Each participant had been actively involved

with previous aquatic training. The criteria for

inclusion were an age of 30�60 years and an absence

of any neuromuscular or skeletal disorders or im-

pairments that would hinder normal locomotion. A

prospective participant was excluded if she had any

neuronal, muscular or skeletal disorders hindering

movements or impairments or any acute or post-

operative cardiopulmonary disorders or impair-

ments. The subjects were assigned to a

cardiorespiratory group (C) or a healthy group

(H). In the C group, everyone had some diagnosed

cardiopulmonary disease (asthma, elevated blood

pressure or cardiac arrhythmia) with only minor

symptoms not hindering participation in aquatics.

Subjects were advised to use their normal medica-

tion according to instructions given by their physi-

cian. The H group was free of any diseases or

musculoskeletal disorders (Figure 1).

Mean age of the participants was 52.6 (9/5.9)

years, the C group being 3.8 years older than the H

group (not significant). Table I presents demo-

graphic data of the subjects. The mean body mass

and the mean body mass index (BMI) were sig-

nificantly higher in the C group than in the H group

(p�/0.023). One participant in the C group dropped

out after four exercises because of feeling uncomfor-

table when breathing with a snorkel. Her results have

been included in the data for those four exercises

only.

The test exercises were performed individually in a

130-cm deep recreational pool with a water tem-

perature of 328C. A full exercise session consisted of

six common aquatic exercise routines that were easy

to perform. The exercises were performed in three

pairs (Figure 2) as follows: walking in place�/

running in place, bilateral hip and arm abduction�
adduction�/cross-country skiing, and walking for-

ward�/running forward. The order of the three pairs

of exercises was randomized to exclude effects of

fatigue. Before the tests, the participants filled in a

questionnaire with their demographic data and

health histories, in accordance with the inclusion

and exclusion criteria (Figure 1). They were given all

necessary information about the possible risks and

hazards of participation before giving their informed

consent.

The experimental design consisted of 5 min rest,

22 min aquatic exercises and 4 min recovery. Before

the exercises, while the participants were sitting for

5 min outside the pool, resting heart rate (HR),

oxygen consumption (VO2) and blood lactate con-

centration (BLA) were measured. HR was registered

continuously at 5-s intervals by a Polar† heart rate

monitor. Respiratory gases were collected continu-

ously via a special respiratory snorkel and valve

system (10) that was connected to a telemetric

portable gas analyser (Cosmed K4 b2, Rome, Italy)

with a special configuration for analysing VO2 and

lung ventilation breath by breath (11). The method

has been shown to be reliable and valid for the

purpose (11). Capillary blood samples (5 ml) were

taken from the fingertip to analyse BLA. After 5 min

rest, the participants entered the pool and started the

test exercises. They were instructed to maintain their

maximum pace throughout the exercises.

The six exercises were grouped into three pairs.

Each single exercise lasted for 3 min, and after each

pair of exercise (3�/3 min), there were 2 min of

recovery. Energy expenditure (EE) was calculated

from VO2 and expressed in metabolic equivalents (1

MET�/VO2�/3.5 ml/kg/min), as recommended by

ACSM (12) and Howell (13). The HR reserve

(HRR) was calculated from exercising HR as a

percentage difference between the individual mini-

mum and maximum values (14). Maximum HR was

calculated by the equation [210�/(0.65�/age)] (15).

Maximum capacity for aerobic exercises was esti-

mated by a questionnaire for non-exercise fitness

testing (16). After each specific exercise, the parti-

cipants gave their rating of perceived exertion (RPE;

12,14). BLA was measured immediately after the

last pair of exercises and after 4 min of recovery

(Table II).
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The research plan followed the ethical rules of the

University of Jyväskylä, Finland. The cardiorespira-

tory data were analysed with Cosmed† 7.3a software

(Cosmed, Rome, Italy) and Polar Precision

Performance† software (Polar Electro, Kempele,

Finland). Statistic analysis was performed with

SPSS 11.0. Data was tested for normality by

Shapiro�Wilks test. Mean and standard deviation

as well as minimum and maximum values were

computed for the measured parameters. One-way

ANOVA and Student’s t-test were performed to

observe statistical significance of the differences

between the two groups.

Results

Physiological strain of aquatic exercises

HR and VO2 increased rapidly after the start of the

exercises reaching plateau (variation in HR5/

3 beats/min) between 1 and 3 min of each exercise.

As seen in Table III, the latter part of exercise in

each pair was more strenuous than the first one.

Walking in place was least and cross-country skiing

the most strenuous mode (Table III) in all mea-

sured parameters. Individual peak HR (not seen in

tables) for a C group representative was 121 beats/

min and for an H group representative 141 beats/

min. Mean HR varied between 959/17 beats/min in

walking in place for the C group and 1289/

24 beats/min in cross-country skiing for the

Figure 1. Flow chart describing participant selection and study design.

Table I. Demographic data on subjects.

n Mean9/SD Range (min�max)

H group

Age (years) 10 50.79/6.5 40�58

Height (cm) 10 161.29/4.8 153�167

Weight (kg) 10 64.39/13.1 53�58

BMI 10 24.69/4.1 20�33

Heart rate at rest 7 75.19/12.3 60�92

C group

Age (years) 10 54.59/4.7 47�60

Height (cm) 10 163.29/4.2 158�171

Weight (kg) 10 81.39/17.3 64�113

BMI 10 30.39/6.0 25�42

Heart rate at rest 8 75.49/7.7 62�84

BMI, body mass index. *p B/0.05 between H and C groups.
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H group. Similarly the variation for HRR was

21(9/11)�53(9/14)%, and for VO2 793(9/274)�
1315(9/277) ml/min. Energy expenditure (EE), as

also illustrated by Figure 3, ranged from 2.59/0.8

MET in walking forward for the C group up to

6.09/1.6 MET in cross-country skiing for the H

group. RPE was at highest in cross-country skiing

being 14.09/3 and 13.69/1.6 in the two groups,

respectively. The participants felt that walking in

place was the easiest mode of exercise, although the

measured exertion was lowest in walking forward.

The mean exertion as described in terms of gross

MET values during test movements varied between

47% and 84% from the maximum. Post-exercise

BLA levels were 2.39/1.1 and 4.79/1.9 mmol/l in

the two groups.

Figure 2. Test exercises.
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Differences between groups

Although the HR values were systematically lower in

the C group, the differences were statistically sig-

nificant only in cross-country skiing and running

forward (Figure 3, Table III). In both groups, HR

was highest in the cross-country skiing and lowest in

the walking forward exercise. HRR differed signifi-

cantly only for the cross-country skiing. The overall

variation of exercise intensity was 56�66% from the

age-specific maximal HR. In the C group, the range

was 54�60%, corresponding to 57�72% in the H

group. Similarly, the mean HRR in the C group was

27%. This was considerably lower than in the H

group (40%), but the difference was not significant

(Table III). VO2 (ml/min) was nearly equal between

the two groups but when VO2 of the groups were

compared between each other in relation to their

body mass (ml/min/kg) the physiological strain was

20�30% higher in the H group. Both groups ranked

the exercises easy (RPE�/11) or somewhat difficult

(RPE�/13). There were no significant differences

between the groups in this respect. Post-exercise

BLA was significantly less in the C group as

compared to H group both immediately after and

after 4 min of recovery (Table III).

Discussion

The major finding of the present study was that the

physiological strain of the aquatic exercises was

moderate on the average, even though the subjects

were advised to perform at their maximum effort.

Among different exercise modes, great variation

existed so that the walking in place and walking

forward were very easy to perform while especially

cross-country skiing and bilateral hip and arm

abduction�adduction were physically much more

demanding. Based on the RPE rating, the exercises

were equally strenuous for the two groups. While the

physiological responses of the H group were system-

atically higher in most studied parameters as com-

pared to the C group, it is evident that the subjects in

both groups adjusted their effort according to their

individual physical potential.

There were large inter-individual differences in the

effort level as observed by the speed of movements.

To achieve more comparable results in the present

kind of experiment, the speed and frequency of

Table II. Study design for the timing of measurements for heart

rate (HR), oxygen consumption (VO2), blood lactate concentra-

tion (BLA), and rate of perceived exertion (RPE).

Event Min HR VO2 BLA RPE

Rest 5 x x x �
Exercise I 3 x x � x

Exercise II 3 x x � x

I recovery 2 x x � �
Exercise III 3 x x � x

Exercise IV 3 x x � x

II recovery 2 x x � �
Exercise V 3 x x � x

Exercise VI 3 x x x x

III recovery 4 x x x �

Table III. Mean9/SD for heart rate (HR), heart rate reserve

(HRR,%), oxygen consumption (VO2), metabolic equivalent

(MET), rate of perceived exertion (RPE) and blood lactate

concentration (BLA).

Exercise modes

Group

C9/SD p

Group

H9/SD

HR (beats/min)

Walking in place 959/17 0.198 1079/16

Running in place 1049/23 0.103 1249/20

Abduction�adduction 989/17 0.236 1119/22

Cross-country skiing 1069/17 0.04* 1289/24

Walking forward 969/10 0.285 1019/10

Running forward 1069/15 0.044 1229/13

All 101 115

HRR (%)

Walking in place 219/11 0.116 319/13

Running in place 309/15 0.064 489/19

Abduction�adduction 259/14 0.159 359/14

Cross-country skiing 329/16 0.015* 539/14

Walking forward 209/7 0.235 269/10

Running forward 319/9 0.054 459/17

All 27 40

VO2 (ml/min)

Walking in place 7939/274 0.979 7769/173

Running in place 10709/293 0.486 1229/303

Abduction�adduction 9789/192 0.608 8779/237

Cross-country skiing 12189/385 0.606 13159/277

Walking forward 6749/149 0.176 6999/94

Running forward 11219/242 0.298 11579/342

All 976 1008

MET

Walking in place 3.09/1.1 0.251 3.59/0.9

Running in place 4.09/1.3 0.035* 5.59/1.6

Abduction�adduction 3.59/1.0 0.465 4.09/1.3

Cross-country skiing 4.59/1.6 0.041* 6.09/1.6

Walking forward 2.59/0.8 0.032* 3.09/0.4

Running forward 4.09/1.4 0.115 5.09/1.6

All 3.6 0.038* 4.5

RPE

Walking in place 10.69/2.2 0.437 11.49/2.4

Running in place 12.49/2.6 0.325 13.69/2.4

Abduction�adduction 11.49/2.5 0.916 11.39/1.6

Cross-country skiing 14.09/3.0 0.715 13.69/1.6

Walking forward 11.09/2.5 0.573 11.69/2.2

Running forward 12.79/2.3 0.404 13.49/1.2

All 12 12.5

BLA (mmol/l)

Rest 1.29/0.3 0.337 1.49/0.6

Exercise 2.39/1.1 0.003** 4.79/1.9

Recovery 2.19/1.0 0.012** 4.19/1.8

*p B/0.05.
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movement should be standardized, e.g. with a

metronome or rhythmical music. However, because

of large differences in the physical performance

capacity of the subjects, finding an optimal standard

speed in relation to one’s maximum would have been

impossible. The greater buoyancy of overweight

persons might also have some effect on the cardior-

espiratory loading especially in the C group. While

both groups considered the exercises equally difficult

in terms of RPE, the C group might have over-

estimated their effort level as seen in lower MET

values.

The number of subjects was relatively small. The

results therefore cannot be fully generalized and the

differences between the groups may thus be partly

due to coincidence. We remained uncertain as to

whether the aerobic capacity of the C and H groups

was different and whether the subjective experience

of exertion was similar even when the loads were

different. To increase the validity of the study the

actual maximum performance of the subjects should

be measured or predicted with e.g. a bicycle erg-

ometer test on land. In the present situation the

strain was expressed in relation to the age-specific

maximum HR. Therefore, both HR and HRR are

suggestive in relation to one’s actual working ability.

The aerobic capacity of the subjects can, however,

be evaluated without testing, albeit with a certain

risk of error. According to a frequently used non-

exercise protocol for the estimation of aerobic

capacity (16), mean maximum exertion values were

5.4 MET in the C group and 7.1 MET in the H

group. The calculated mean exertion was thus about

62% in the C group and about 57% in the H group

during the test movements. Exertion in both groups

was thus more or less equal, as also shown by the

RPE values, which generally corresponded to ‘‘easy’’

or ‘‘somewhat difficult’’. The exertion in the cross-

country skiing increased up to about 84% in both

groups. If we consider 5.4 MET as the mean

maximum capacity for the C group, and 7.1 MET

for the H group, this is a rather strenuous level.

The HRR values indicated lower physical exertion

as depicted in VO2 and MET, especially when

depicted in RPE values (about 42% from 6�20

scale). Thus, certain uncertainty existed when max-

imum HR and/or aerobic capacity were estimated.

Also, the 3 min allotted to each exercise may have

been too short to verify steady-state conditions

during the single exercises. While BLA values were

significantly elevated in the H group, we may suggest

that relatively high strain was reached (60�80%

from VO2max). In sum, in the present kind of water

exercises the physical aerobic exertion may be

between 30% and 84% of individual capacity, and

in some cases even greater.

The strain of the exercises as presented in this

study resemble regular callisthenics or leisure walk-

ing at a speed of 4�5 km/h, or 55�80 W on a bicycle

ergometer on land. However, in more strenuous

exercises like the cross-country skiing, the strain

corresponds to more vigorous walking, i.e. at 6 km/

h; or to 75�100 W on a bicycle ergometer (17). At

this level of exertion, aquatics can be effective in

increasing endurance, if the exercise sessions last

long enough (17). Occasionally, however, the exer-

tion of simulated cross-country skiing in water could

even be too strenuous for people with cardiopul-

monary problems.

It has been shown that the Cosmed K4 b2 gas

analyser slightly overestimates VO2, especially at low

to moderate intensities (18,19). When using the K4

Figure 3. Energy expenditure (MET) of the six test exercises for the healthy (H group) and cardiopulmonary disease (C group) subjects.

Means9/SD are presented by vertical bars and the range by vertical lines.
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b2 in water, a special swimming snorkel has to be

used to keep water out of the gas analysis system.

VO2 measurement with the K4b2 connected to the

snorkel has been noticed to slightly underestimate

(3�7%) the values obtained with a standard Cosmed

facemask (11). When putting these slightly conflict-

ing results together, the data of the present study can

be considered accurate.

Probably due to a relatively small number of

subjects, the results of this study could not observe

significant differences between the two subject

groups. However, the data revealed that the studied

aquatic exercises may be utilized effectively as an

exercise mode with moderate to moderately high

strain for both subject groups. Subjects with minor

cardiopulmonary disorders could adjust their exer-

cise strain into suitable level without symptoms

limiting performance in most exercises except in

simulated cross-country skiing. The safe limits of

cardiovascular exertion should be investigated in

larger samples with differing symptomatic popula-

tions.
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