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Abstract 
Introduction: Sedentary habits are associated with an increased risk of numerous chronic diseases; however, the 

type of exercise that may be most beneficial to improve health is still unclear. Water based exercise is rapidly growing in 
popularity as individuals, such as the elderly or the obese, can exercise at relatively high levels of intensity while imposing 
minimal strain on joints. However, little research has been conducted substantiating the health benefits of exercise in this 
medium. 

Aim of the study: The purpose of this study was to evaluate the effects of a circuit based deep water running exercise 
program on aerobic capacity (¦O2peak), strength and abdominal obesity in older, overweight/obese women

Materials and Methods: The participants (mean ± SD age 59 ± 9 years, BMI 33 ± 5 kg/m2, n=18) took part in a circuit 
based deep water running program with continuous deep water running (70-75% HRpeak) interspersed with 90 seconds of 
resistance exercises for 12 weeks, 60 min.day-1and 3 days.week-1. 

 Results: There were significant increases (p<.05) in ¦O2peak, (1.37 ± 0.10 vs 1.51 ± 0.08 L·min-1), and muscle strength 
(upper body 20 ± 7.1%, knee flexion 33 ± 7.9%, knee extension 32 ± 17.9%). There were significant reductions (p<.05) in 
waist circumference (105 ± 2.5 vs 100 ± 2.6 cm) and waist-hip ratio (0.90 ± 0.01 vs 0.87 ± 0.01). 

Conclusions: These results indicate circuit based deep water running can elicit significant improvements in cardiore-
spiratory fitness, strength and abdominal obesity. 
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Introduction
Advancing age is generally accompanied by a 

progressive decline in physical activity, with physical 
inactivity associated with a higher risk for metabolic 
diseases such as cardiovascular disease and Type 2 
diabetes. In addition, aging and physical inactivity may 
contribute to increased abdominal obesity, thereby 
increasing risk for cardiovascular disease, and to the 
loss of muscle strength (1,2). Although it is accepted 
that sedentary habits are associated with an increased 
risk of numerous chronic diseases, there is continued 
debate as to the optimal volume, frequency, intensi-
ty, duration and mode of physical activity required 
to reduce disease risk. Recent data suggest physical 
activity of moderate intensity that elicits an energy 
expenditure of approximately 1000 kcal/week (4200 
kJ/week) as desirable, however, the type of exercise 
that may be most beneficial to improve health is still 
unclear (3). Evidence shows that cardiorespiratory 
capacity in older adults can be enhanced through 
aerobic modalities such as walking, cycling, and swim-
ming; although these activities have an inconsistent 
effect on muscle strength (4,5). Thus, the addition of 
resistance exercise may be particularly important in 

older women; in whom muscle strength is usually poor 
(6). The therapeutic role of exercise in the prevention, 
treatment and control of cardiovascular and metabolic 
disease may involve multiple pathways; training pro-
grams that combine the two modalities may be most 
advantageous (2,4,7,8).

Water based exercise is rapidly growing in popu-
larity as individuals, such as the elderly or the obese, 
can exercise at relatively high levels of intensity while 
imposing minimal strain on joints. However, little 
research has been conducted substantiating the health 
benefits of exercise in this medium. Studies that have 
assessed the affect of shallow water exercise have shown 
improvements in metabolic and cardiorespiratory fit-
ness in young and older adults (9-11). Shallow water-
based exercise is an effective medium for improving 
aerobic fitness, body composition and lipid profiles in 
coronary artery disease patients, physical functioning 
in community dwelling elderly, abdominal obesity in 
obese women and upper and lower body strength in 
healthy women (12-16). However, although minimal, 
impact forces are still apparent during shallow water 
exercise therefore, deep water may be the preferred 
exercise medium for obese or older individuals. Deep-
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water running provides sufficient load to develop 
cardiorespiratory fitness in young and middle-aged 
adults and stroke patients, and high intensity deep 
water running appears to be an effective exercise mo-
dality to increase aerobic power in the elderly (17-19). 
There is a paucity of data on the effects of deep-water 
training in older, overweight/obese individuals and, to 
our knowledge, there have been no attempts to study 
the effects of adding a resistance component to a deep 
water running program. Therefore, the purpose of this 
study was to evaluate whether a 12-week circuit type 
water based training (water-based resistance training 
and deep water running) program would improve ab-
dominal obesity, strength and aerobic fitness in older, 
overweight women.

Materials and Methods
Participants: Sedentary overweight women were re-

cruited through advertisements placed in the local area, 
including the community aquatic centre. Participants 
were included in the study if they were overweight (BMI 
25kg/m2 to 29.9 kg/m2) or obese (BMI >30 kg/m2) which 
was determined using the World Health Organization 
(WHO) definition (20). All included participants were 
sedentary which was defined as regularly participat-
ing in one bout of exercise or less per week. Exclusion 
criteria included use of hormone replacement therapy 
and any known medical condition that would prevent 
participation in an exercise intervention. Twenty-four 
respondents underwent telephone screening for com-
pliance with inclusion and exclusion criteria, which 
resulted in twenty-one eligible individuals. Before 
pre-tests were conducted two individuals withdrew 
due to personal commitments and illness, while one 
participant withdrew one week following commence-
ment of the study due to recurrent illness. Thus, 
eighteen individuals completed the study (Figure 1). 
Prior to acceptance into the study all participants were 

medically screened using a modified PAR-Q (21). Ten 
of the eighteen participants were taking a minimum of 
one medication or a combination of prescription medi-
cations. Four participants were taking β-blockers; three 
were taking angiotensin-converting enzyme (ACE) 
inhibitors; three were taking lipid-lowering therapy; 

three were taking a diuretic; three were taking thyroxin; 
two were taking an alpha-1 adrenoreceptor inhibitor; 
three were taking an oral hypoglycemic (metformin, 
2; nateglinide, 1; insulin, 1); and two participants 
were taking antidepressants. Participants who were 
medicated were tested and underwent training while 
taking their usual prescriptions without any alteration 
in dose or type of medication for the duration of the 
study. Sixteen participants were postmenopausal and 
two participants were premenopausal. Postmenopausal 
status was defined as absence of menses for at least one 
year prior to testing. Both premenopausal participants 
were tested in the follicular phase of their menstrual 
cycle before and after the intervention to control for 
any possible affect of menstrual phase on performance 
(22). Written informed consent was obtained prior to 
participation in the study, which was conducted accord-
ing to the ethical guidelines of the University Human 
Ethics Committee. 

Peak Oxygen Consumption: Peak oxygen consump-
tion (¦O2peak) was measured in the swimming flume at 
the School of Physical Education, University of Otago. 
As heart rate and oxygen uptake kinetics are affected 
by water temperature, the flume was maintained at a 
thermoneutral level of 29oC and the depth constant at 
1.80 metres. All participants were required to refrain 
from alcohol use and strenuous exercise for 24 hours 
before the test and to avoid caffeine intake for four hours 
before the test. ¦O2peak was determined using the pro-
gressive deep water protocol of Mercer and Jensen to 
voluntary exhaustion (23). The protocol is continuous 
and consisted of 1-min stages (23). Test participants 
were submerged to neck level (C7) while wearing a 
flotation belt, with a tether attached to the back and 
run through a series of pulleys. The other end of the 
tether was attached to a bucket suspended in front of 
the participant and above a wooden plank that rested 
across the flume deck. To provide a graded response a 
0.57 kg weight was added to the bucket at the beginning 
of each 1-min stage. This weight increment was chosen 
as it was similar to the weight increment used in the 
validation of the Mercer and Jensen (23) protocol and 
pilot testing was conducted to ensure the weight would 
be appropriate for use in the current investigation. If the 
participant was not able to meet the intensity at a given 
stage the bucket dropped onto the wooden plank; this 
was accepted as the endpoint of the test. This test has 
been found to be valid and reliable for assessing maxi-
mal aerobic uptake while deep water running (23). Res-
piratory gas analysis was carried out during the protocol, Fig. 1. Participant flow diagram
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with oxygen uptake (¦O2) determined using a Beckman 
metabolic cart (Sensormedics, Yorba Linda, CA). Gas 
analyzers were calibrated prior to each test with a known 
concentration of oxygen and carbon dioxide and volume 
was calibrated prior to each test using a standard 3L 
syringe. Samples were collected every 20 seconds and 
three ¦O2 and HR values measured in the final 60 sec-
onds of the exercise phase were averaged to obtain the 
¦O2peak and HRpeak. Rating of perceived exertion (RPE) 
was measured on a 6 (minimal effort) to 20 (maximal 
effort) point scale and recorded immediately at the end 
of the deep water run maximal test (24). To minimize 
any learning effect, participants were instructed on 
correct deep water running technique prior to the test 
and researchers encouraged participants to maintain 
proper form throughout the deep water run maximal 
test. Peak oxygen consumption tests were undertaken 
before commencing the exercise intervention and again 
at the end of the 12 week intervention period. 

Anthropometry: Anthropometric measurements of 
waist and hip circumference were used for determina-
tion of abdominal obesity. Waist circumference (WC) 
was defined as the narrowest part in the trunk between 
the last rib and the anterior superior iliac spine and hip 
circumference (HC) as the widest part between the 
anterior superior iliac spine and the greater trochanter 
(25,26). Waist-hip ratio (WHR) was calculated for each 
participant and body mass index (BMI) was calculated 
as weight (kg) / height squared (m2). Participants were 
measured while wearing a swimsuit to ensure the tape 
measure would be placed as close to the skin as possible 
while ensuring participants remained comfortable. He-
ight and weight were measured without shoes and in a 
swimsuit using a stadiometer and Digi electronic scales 
(D1-10, Teraoka Seiko Ltd, Tokyo, Japan), respectively. 
Anthropometric measurements were taken immediately 
prior to the initial deep water run test for aerobic fitness 
and again, three to five days after the final training 
session. Measurements were taken in duplicate and a 
tolerance limit of 1 kg was set for weight measurement 
and 1 cm for height and circumference measurements. 
A third measurement was taken if the difference of the 
first two measures was greater than the tolerance limit. 
The average of the two closest measurements was used 
in the analyses. The same trained researcher performed 
all pre and post measurements.

Strength: Upper body strength was assessed from a 
seated chest press exercise, while lower body strength 
was determined using knee extension and flexion. 
Strength measures were undertaken on an isokinetic 
dynamometer (Biodex Corporation, Shirley, NY, USA). 
Participants were seated on the Biodex isokinetic dy-
namometer with a hip angle of 90° flexion. The depth 
of the seat was adjusted to allow the alignment of the 
lateral femoral condyle of the right knee with the axis of 
the dynamometer. The calf pad was placed 5 cm proxi-

mal to the lateral malleolus and secured with a padded 
shin strap. Participants were stabilized with thigh, pe-
lvic and shoulder straps. Shoulder straps were applied 
diagonally across the chest to attenuate excessive upper 
body movement. A strap was also placed across the lap 
and the involved thigh in order to minimize excessive 
lower body motion. The Biodex was adapted for the 
seated chest press with a vertical lever arm attached to 
a horizontal bar. The lever arm length was the same for 
each participant, but the seat height was adjusted so that 
participants sat with shoulders horizontally flexed to 90° 
and elbows flexed to 90° with hands placed shoulder 
width apart on the horizontal bar. Participants perfor-
med the chest press by pushing the horizontal bar away 
from them until elbows were almost fully extended. For 
knee flexion and extension range of motion limits were 
set from 90°of knee flexion to -5° of full knee extension 
and for the upper body movement range of motion li-
mits were set at 90° of elbow flexion to -5° of full elbow 
extension. For knee extension and flexion, maximal 
voluntary concentric isokinetic torque was assessed in 
Newton meters at an angular velocity of 90°/s. The right 
leg was used unless contraindicated by pain or history 
of joint problems. For upper body strength, maximal 
voluntary concentric isokinetic torque was assessed in 
Newton meters at an angular velocity of 30°/s during a 
seated chest press. Upper and lower body angular speeds 
were selected to ensure the majority of women could 
produce peak torque and replicated the speeds at which 
they would perform chest press, knee flexion and knee 
extension during the training intervention. For both 
lower and upper body strength, three maximal efforts 
were performed to produce three overlying curves; the 
maximal torque was recorded and used for the analysis. 
In order to minimize the risk for injury and familiarize 
participants with the testing procedure, participants 
were asked to perform submaximal repetitions of each 
exercise for five minutes and then perform one repe-
tition at maximal effort prior to the test. During the 
measurement session participants were instructed to 
perform each exercise as explosively as possible. 

Exercise Intervention: Participants attended a 60 
minute aquatic circuit class, three days per week for 
12 weeks. “Aquatic circuit-training” was operationally 
defined for the present study, as a program characteri-
zed by a series of aquatic resistance training exercises 
combined with aerobic exercise (deep water running). 
Each class consisted of a 5 minute warm up followed 
by deep water running interspersed with resistance 
exercises using either foam dumbbells or the resist-
ance of the medium itself. The circuit consisted of 3 
minutes of deep water running followed by 90 seconds 
of resistance exercise. Each training session consisted 
of one set of five primary exercises for the upper body: 
1) chest press, 2) chest flys, 3) tricep kickback, 4) press 
down/pull up 5) bicep curl; four primary exercises for 
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the lower body: 1) starjumps (hip adduction and abduc-
tion, 2) scissor kicks (hip flexion and extension), 3) leg 
press, 4) leg extension/flexion; and two primary exer-
cises for the abdominals: 1) abdominal curls 2) oblique 
abdominal curls. The resistance exercises were chosen 
to train all major muscle groups. In water, the effect of 
the movement velocity on the resistance produced by 
water is emphasized. When the velocity doubles, the 
drag produced by water quadruples (14). Therefore, the 
participants were instructed to perform each resistance 
exercise with the maximal effort they could maintain 
for 90 seconds in order to achieve the highest possible 
movement velocity, thereby increasing resistance. En-
couragement by the instructor was provided to maintain 
movement velocity and ensure strength progression 
throughout the program. Throughout the exercise ses-
sions participants were suspended in the water while 
wearing flotation belts. The flotation belts allowed the 
participant’s head to remain above water and helped 
maintain an upright posture. 

Pool temperature was kept at a thermoneutral tem-
perature of 28.5°C. All exercise participants were asked 
to exercise at a target heart rate that represented 70-75% 
of the peak heart rate attained during their peak oxygen 
consumption test and at a level of exertion correspon-
ding to between “fairly light” (RPE 11) to “somewhat 
hard” (RPE 14) on the 20 point Borg RPE scale (24). 
Heart rate monitors (Polar Favor, Kempele, Finland) 
were worn by each participant at every session and 
average exercise heart rates were recorded immediately 
on cessation of each exercise session by the researcher 
to ensure prescribed intensities were being met. 

Statistical Analysis
Results are reported as group means (±SE), unless 

otherwise indicated. Percentage change scores are the 
mean percentage change from baseline to post exercise 
training. Shapiro-Wilk normality test showed normal 

distribution for all data. To assess the effect of the 
exercise intervention on changes in aerobic fitness, 
strength and measures of abdominal obesity paired 
t-tests were conducted on pre and post data. In order 
to obtain an impression of the magnitude of the results 

obtained after the exercise intervention, Cohen’s d (d) 

of the effect size was calculated on outcome measures 
(27). The effect size was calculated within the inte-
rvention by subtracting post-test from pre-test scores 
and dividing the difference by the pooled standard 
deviation (27). As the study involved a matched or 
repeated measures design, the standardized differen-
ce was computed taking into account the correlation 
between measures (28). Statistical Package for the 
Social Sciences (SPSS) was used for all statistical ana-
lyses (SPSS Inc, v14.0, Chicago, IL). Significance was 
accepted at p<.05. 

Results
Participant baseline characteristics are outlined in 

Table 1. All women completed the study, with indi-
viduals attending all 36 scheduled exercise sessions. 
Paired t-tests revealed significant pre to post interven-
tion reductions in WC, WHR, and HC (p<.05) but, 
weight and BMI were not significantly altered (p>.05). 
Furthermore, there was a significant improvement 
in upper body strength of 20% and knee extension 

Table 1. Participant Baseline Characteristics 

Characteristic
N 18 
Age (yr) 59 ± 8.6
BMI (kg/m2) 33.4 ± 5.5
Weight (kg) 87.6 ± 16.2
¦O2peak (L·min-1) 1.37 ± 0.41

Note. Data are presented as means ± SE

Table 2. Aerobic Fitness, Anthropometric and Strength Changes After 12 Weeks of Circuit Based Deep Water Running in a 
Group (n=18) of Older, Overweight Women

Circuit based deep water running (n=18)
Pre Post Chg (%) ES (95% CI) p-value

¦O2peak (L·min-1) 1.37 ± 0.10 1.51 ± 0.08 13% ES -0.91 (-1.1 to -0.8) .02
BMI (kg/m3) 33.4 ± 1.3 33.1 ± 1.3 -0.9% ES 0.55 (-2.0 to 3.1) .11
Weight (kg) 87.6 ± 16.2  86.6 ± 16.4 -1.1% ES 0.75 (-6.8 to 8.3) .05
Waist-hip ratio 0.90 ± 0.01 0.87 ± 0.01 -3.2% ES 1.07 (1.0 to 1.1) <.01 
Waist Circumference 
(cm)

105.3 ± 2.5 100.2 ± 2.6 -4.9% ES 2.18 (-2.6 to 7.3) <.01

Hip Circumference (cm) 117.6 ± 2.8 115.7 ± 2.4 1.5% ES 0.84 (-4.6 to 5.6) .04
Chest Press (Nm) 171.4 ± 11.8 196.7 ± 10.4 20% ES -1.07 (-24.3 to 19.3) <.01
Knee Extension (Nm) 86.0 ± 6.7 101 ± 6.1 32% ES -1.65 (-14.8 to10.4) <.01
Knee Flexion (Nm) 54.7 ± 3.4 68.5 ± 2.8 33% ES -1.88 (-9.4 to3.6) <.01

Note. Data are means ± SE, percentage (%) change from baseline and ES with 95% confidence intervals
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and flexion significantly improved by 32% and 33%, 
respectively (p<.05, Table 2). In addition to improve-
ments in abdominal obesity and strength, ¦O2peak 
improved pre to post training by 13% (Table 2). 

Discussion
In this study, 12 weeks of circuit based deep water 

running elicited significant improvements in cardio-
respiratory fitness and strength. In addition, circuit 
based deep water running was effective at reducing 
WC and WHR, despite no change in BMI. Recent evi-
dence has shown that deep water running is effective 
at maintaining and improving cardiovascular fitness 
and resistance-type shallow water exercise improves 
strength and functional mobility across a range of po-
pulations (13,14,19,29). To our knowledge, our study 
is the first to combine deep water exercise with a pre-
scribed resistance component and our results indicate 
that the addition of resistance exercise to a deep water 
running program can lead to improvements in body fat 
distribution, muscular strength and aerobic fitness.

Peak oxygen uptake increased by 13% after tra-
ining, indicating that aerobic capacity can be impro-
ved in a circuit-based deep water running program. 
This is of clinical importance as studies indicate that 
low levels of cardiorespiratory fitness are associated 
with an increased risk of cardiovascular morbidity 
and mortality (30,31). The improvement in ¦O2peak 
is comparable to that found by Broman et al., where 
healthy elderly women performed interval deep water 
running at a high intensity (85% max HR) (19). High 
intensity exercise may not be suitable for an at-risk 
population; therefore our results have shown that deep 
water running at a moderate intensity is as effective at 
improving aerobic capacity as a high intensity interval 
program. Furthermore, this level of improvement in 
¦O2peak is also comparable to improvements observed 
in other studies using shallow water aerobic training 
at similar exercise intensities (11,29,32). Thus, these 
data demonstrate moderate levels of water-based tra-
ining can improve cardiovascular fitness in an older, 
overweight/obese population of women. 

In its most recent publication, the American Col-
lege of Sports Medicine emphasized the addition of 
resistance training to exercise programs to enhance 
overall fitness (33). Resistance training may be of par-
ticular benefit for older individuals, as muscle strength 
declines (14). In the present study, significant increases 
were observed for chest press (20%), knee flexion 
(32%) and knee extension (33%). Total body strength 
is important for performing activities of daily living, 
thus the addition of resistance exercises to a deep water 
running program may be more beneficial than deep-
water running alone due to its ability to improve both 
upper and lower body strength. Cancela Carral and 
Ayán Pérez found that in addition to water-based aero-

bic training; the addition of high intensity land-based 
resistance training enhanced overall dynamic and 
static strength of their participants (34). Tsourlou et 
al. studied a group healthy women who participated in 
24 weeks of shallow water aquatic training, and despite 
the longer duration of their training program, found 
similar increases in knee flexion, extension and chest 
press (14). Conversely, the magnitude of improvement 
in strength is higher in our study than those described 
by Takeshima et al. who reported increases of 8% and 
7% for knee extensors and chest press, respectively, 
in a group of sedentary, older women after 12 weeks 
of shallow water circuit exercise (11). Poyhonen et al. 
studied a group of young, healthy, active women and 
found increases in knee extension of approximately 
5-13% and increases in knee flexion of 9-13% after 
aquatic resistance training (16). The greater improve-
ment in dynamic strength in our study compared to 
those of Takeshima et al., and Poyhonen et al., may be 
explained by variations in measurement technique, 
or possibly the higher training volume of the exercise 
protocol that was used in the present study (11,16). 
Furthermore, the participants in the current investiga-
tion were sedentary and it is known that individuals 
with lower levels of initial strength often have greater 
percentage increases in strength with respect to base-
line levels (35). 

The encouraging improvements in knee flexor 
strength in the current investigation confirm those 
reported in previous aquatic training studies (14,16) 
and may be explained by hydrodynamic principles. To 
optimally utilize water resistance, the leg movement 
should oppose the upward force of buoyancy during 
the major part of the ROM (16). Knee flexion exer-
cises and the knee movement during deep water run 
training is likely to activate the hamstrings from the 
beginning of flexion when the orientation of the leg 
is perpendicular to the direction of the buoyant forces 
(14,16). Studies conducted on land have also demon-
strated that elderly women are capable of increasing 
dynamic knee extensor strength by 14-35%, knee 
flexion strength by 24-76% and chest press strength 
by approximately 30% (11,36-39). Therefore, strength 
gains in this study can be favourably compared with 
those achieved on land, confirming the effectiveness of 
aquatic training. Previous investigations have stressed 
the importance of increasing leg strength to improve 
functional mobility in older people however, land-ba-
sed strength training may not be appropriate for older 
people, obese individuals or those with significant 
mobility limitations (12,40). Therefore, preference 
should be given to water-based exercise in populations 
that cannot tolerate land-based exercise. 

Obesity is a significant risk factor for cardiovascular 
disease however, the degree of abdominal obesity is 
thought to be more important for cardiovascular and 
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metabolic risk (41). Specifically, increases in visceral 
fat and abdominal subcutaneous fat have been found 
to increase the risk for cardiovascular disease and 
diabetes.(41) Although simple clinical anthropometric 

measurements, such as WC, WHR and BMI, do not 
directly measure regional body fat accumulation, WC 
and WHR may be used to assess abdominal obesity and 
body fat distribution and are independently associated 
with an increase risk of coronary heart disease and 
stroke (41). 

In the current investigation, there was no signifi-
cant change in BMI after training. Similar results were 
seen by Taunton and colleagues following 12 weeks 
of shallow water aquatic training (32). Furthermore, 
BMI did not change in a study by Wallace et al. on land 
based circuit training in postmenopausal women (8). 
However, in the present study WC and WHR were 
significantly reduced after the training program. Re-
sults from a small number of exercise studies show that 
changes in abdominal obesity can occur in the absence 
of reductions in mass (42,43). While BMI has been 
criticized for its inability to detect training-induced 
changes in muscle and fat mass, WC and WHR can be 
used to detect changes in abdominal fat accumulation 
and may therefore, be better indicators of changes in 
cardiovascular risk (44). Of the few land based circuit 
training studies that have reported changes in abdomi-
nal obesity assessed by WHR, Wallace and colleagues 
found no change, whilst Maiorana et al. found a similar 
reduction in WHR (-1.2%) as that found in the present 
investigation (7,8). Few data exist regarding WC and 
WHR changes with water-based interventions. Taun-
ton and colleagues did not find a significant reduction 
in WHR in a group of normal weight older women 
over 12 weeks of water based exercise (32). Although 
we did not directly assess muscle or fat mass, the fact 
that participants maintained body mass, had an incre-
ase in strength, and a decrease in waist circumference 
suggests participants gained muscle mass and lost fat 
mass. From our results, 12 weeks of moderate intensity 
circuit based deep water-based exercise was sufficient 
to induce changes in markers of abdominal obesity. 
Further research in the area of water-based exercise 
in which muscle and fat mass are directly assessed in 
a larger sample of overweight/obese women is needed 
to clarify this finding.

Despite the improvements in fitness, strength and 
body fat distribution, reported in this investigation one 
of the potential drawbacks of deep water conditioning 
is lack of stimulus on the skeletal system compared to 
weight-bearing activity. This is of particular concern 
for postmenopausal women because of the rapid 
loss of bone mineral density during this phase of life 
(45). However, the purpose of this investigation was 
to assess the effectiveness of a water-based exercise 
intervention in an overweight population. Moderate 

obesity is reported to be a protective factor in oste-
oporosis, and overweight individuals typically have 
higher bone mineral density than their lean counter-
parts (46). However, water-based activity may still be 
an appropriate exercise environment for older, lean 
individuals. Previous research has reported a positive 
correlation between bone mineral density and strength 
development (47). Thus, the addition of strengthening 
exercises to a water-based exercise program may 
positively influence bone density. Further research 
is required to assess the effect of strength training in 
non-weight bearing environments on bone mineral 
density. However, for older, non-obese individuals it 
may be prudent to recommend additional low-impact 
weight-bearing exercises, such as walking, to prevent 
bone loss. 

There were additional benefits of water-based 
training for older women. The exercise program was 
found to be safe, as there were no reported injuries 
over the course of the intervention. Furthermore, 
we had 100% attendance throughout the 12 weeks 
of exercise training, which suggests additional psy-
chological and social benefits (e.g. enjoyment, new 
friendships) were attained via the group based nature 
of the intervention. 

The small sample size in this study restricts the 
generalizability of the study findings, but despite the 
small sample the prescribed water-based exercise in-
tervention had several positive, statistically significant 
effects on health (improved strength and cardiorespi-
ratory fitness and reduced indices of abdominal obesi-
ty) that have been observed in other studies with older 
adults and obese individuals (2,7,11,15,32). Further 
research with a larger sample of obese women needs 
to be conducted in order to verify the results reported 
here. In addition, with a larger group of participants 
a comparison between a circuit-based deep water 
running program and a deep water running program 
alone could be conducted in order to determine the 
effectiveness of one form of training over another. 
Finally, more sophisticated imaging techniques, such 
as dual-energy X-ray absorptiometry, may have pro-
vided more precise information regarding changes in 
body composition. Traditionally, girth measurements 
have been accepted for this purpose, but the increased 
muscle strength we observed does not necessarily 
infer increased muscular hypertrophy nor does waist 
circumference specifically differentiate subcutaneous 
from visceral fat accumulation. Additionally, learning 
effects may have contributed to the improvements 
seen for both aerobic fitness and strength as these 
were both novel tasks for our participants. However, 
a learning effect was not observed in the Mercer and 
Jensen (23) study, where participants unfamiliar 
with the protocol, underwent repeat testing within 
a two day period. Furthermore, with thorough and 
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appropriate familiarization protocols in place no le-
arning effect is apparent after strength testing using 
the Biodex isokinetic dynamometer (48). It is also 
unlikely that learning effects could explain the large 
improvements seen in aerobic fitness and strength in 
the current investigation. Despite these limitations we 
feel this paper contributes significantly to the body of 
research as it is, to our knowledge, the first to include 
a prescribed resistance component to aerobic exercise 
in deep water.

Conclusions
In conclusion, the results of the present study 

demonstrated that circuit type water-based exercise 
significantly improves muscular strength and cardio-
vascular fitness. Furthermore, the training program 
that we employed resulted in favourable changes in 
abdominal obesity despite maintenance of body mass. 
These results indicate that cardiovascular and metabo-
lic risk factors may be ameliorated with an appropriate 
water-based exercise intervention. In addition, regular 
exercise is of great importance amongst the aging po-
pulation; however, adherence to regular exercise pro-
grams in this group is usually poor. The adherence is 
this study demonstrates that aquatic exercise training 
is well tolerated by older women and can be safely used 
as part of a well rounded exercise program. Although 
the small sample limits generalizability, the results 
provide preliminary support for water-based circuit 
exercise programs as an intervention to decrease ab-
dominal obesity and improve cardiorespiratory fitness 
and strength in overweight/obese women.
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