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Aqua walking as an alternative exercise
modality during cardiac rehabilitation for
coronary artery disease in older patients
with lower extremity osteoarthritis
Jong-Young Lee1 , Kee-Chan Joo2* and Peter H. Brubaker3

Abstract

Background: The purpose of this study was to examine the effects of aqua walking (AW) on coronary artery disease
(CAD) and cardiorespiratory fitness in older adults with osteoarthritis in the lower extremity and compare it with that of
traditional over-ground walking.

Methods: Sixty consecutive eligible patients who had undergone percutaneous coronary intervention for CAD with
limited ambulation due to lower extremity osteoarthritis were recruited. They were randomly assigned to the AW
program group, treadmill/track walking (TW) program group, or non-exercise control group (CON). Assessments were
performed before and after 24 weeks of medically supervised exercise training.

Results: Significant differences were observed in the change in %body fat (TW: −2.7%, AW: −2.8%, CON: −0.4%), total
cholesterol level (TW: −23.6 mg/dL, AW: −27.2 mg/dL, CON: 15.8 mg/dL), resting heart rate (TW: −6.3 bpm, AW: −6.9 bpm,
CON: 1.3 bpm), and cardiorespiratory fitness expressed as VO2 peak (TW: 2.3 mL/kg·min−1, AW: 2.0 mL/kg·min−1,
CON: −2.5 mL/kg·min−1) over 24 weeks among the groups. However, no significant differences in the change in
these measures were found between the TW and AW groups.

Conclusion: AW appears to be a feasible alternative exercise modality to over-ground walking for cardiac rehabilitation
and can be recommended for older adults with CAD and osteoarthritis.
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Background
Although primary and secondary prevention programs
for coronary artery disease (CAD) are generally multidis-
ciplinary in nature, exercise training is generally consid-
ered to be the “cornerstone” intervention. The role of
exercise training in the prevention of CAD has been well
described [1] and is associated with favorable effects on
CAD risk factors such as diabetes mellitus, hypertension,
dyslipidemia, and obesity [2–5]. However, many cardiac
rehabilitation (CR) program participants cannot exercise
sufficiently because of musculoskeletal disorders, including

osteoarthritis (OA) [6–8]. This degenerative and often
painful musculoskeletal disorder may also limit activities
of daily living and leisure time activity. Patients with OA
and walking disability are at increased risk of death from
cardiovascular causes [9]. Thus, management of OA in
patients with CAD should focus on approaches that will
improve disability. Cardiovascular rehabilitation programs
that increase physical activity have a positive impact on
both CAD and OA.
Weight-bearing exercises such as walking are often

painful and contraindicated for individuals with OA;
thus, non-weight bearing cycling is often recommended
[10]. However, this mode of exercise may still be uncom-
fortable for some patients with OA, and non-weight
bearing exercises generally expend fewer calories for the
same duration. Consequently, aqua walking (AW) is a
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potential alternative mode of exercise owing to the
potential physiological benefits and no knee pain/irrita-
tion [6, 7, 11, 12]. The impact force during walking in
the water is well recognized to be lessened owing to
buoyancy [7] and to be generally more tolerable than
that during over-ground or treadmill/track walking
(TW) for patients with OA. Moreover, AW provides a
resistance on extremity movements, which results in
additive muscular effort and greater metabolic cost.
However, the effect of AW and cardiorespiratory fitness
(CRF) on CAD has not been thoroughly evaluated.
Consequently, the purpose of this study was to deter-
mine if AW is a viable alternative mode of exercise for
patients with OA who are participating in CAD rehabili-
tation [6, 7, 13].

Methods
Participants
The older adults (aged >65 years) in this study were par-
ticipants in the CR program performed at Kangbuk
Samsung Hospital, which has a therapeutic pool.
Consecutive patients with limited ambulation due to
lower extremity OA who had undergone percutaneous
coronary intervention (PCI) for CAD between
October 2015 and September 2016 were enrolled. All
the patients with lower extremity OA and persistent
pain, which significantly impair their functionality, ac-
tivity participation, and quality of life, had been
treated with pharmacological or non-pharmacological
management.
Individualized CR programs were performed 2 to

4 weeks after index PCI. We randomized the patients
into three treatment groups. The objective and proce-
dures of the study were explained and understood by
each participant prior to signing the informed consent.
The participants who performed AW because of arthritic
problems of the knee were compared with the partici-
pants who performed TW and those in the control
group in terms of the change in the CRF after 24 weeks
of exercise training. The control group included individ-
uals who did not attend any formal exercise program.
Sixty subjects completed the study in one of the three
groups as follows: AW (AW group, n = 20), TW (TW
group, n = 21), and control (CON group, n = 19). All
exercise sessions for both AW and TW were performed
in a medically supervised program. This study was
approved by the institutional review board of Kangbuk
Samsung Hospital. All the participants agreed and
permitted participation in this study.

Laboratory measurements
Prior to performing the laboratory assessments, a ques-
tionnaire was administered to each participant to evalu-
ate their medical and family histories, and recent signs/

symptoms, and the presence of CAD risk factors for
screening purposes. All the participants underwent
symptom-limited maximal exercise testing with small
increases in workload matched to the subject’s func-
tional capacity every 20 s, which was described in the
BSU/Bruce Ramp Protocol. Resting electrocardiography
(ECG) findings and blood pressure were measured
before starting the test. During the exercise test, the
ECG findings were continuously monitored, and a 12-
lead rhythm was recorded every 3 min. Systolic (SBP)
and diastolic blood pressures (DBP), as well as ratings of
perceived exertion, were also obtained every 3 min. Ex-
pired gas analysis was performed using a metabolic cart
(Moxus, USA) to obtain cardiorespiratory variables, par-
ticularly VO2 peak. Subjective ratings, including angina,
dyspnea, and claudication scale, were queried every
3 min and as needed throughout the test. Immediately
after test termination and for every 2 min until the
participant fully recovered, the ECG findings, blood
pressure, and symptoms were continuously monitored.
All exercise tests were symptom-limited and terminated
when fatigue and/or shortness of breath occurred. None
of the tests were terminated prematurely because of
abnormal signs and symptoms, and all participants, in-
cluding those with OA, achieved an respiratory exchange
ratio of ≥1.0 during the exercise test. The VO2 peak
value was defined as the maximal averaged VO2 value
attained at end-exercise after the anaerobic threshold
was reached.
Blood samples were obtained via the antecubital vein

in the fasting state and were analyzed (Hitachi 736–20,
Japan) to determine the levels of total cholesterol (TC),
low-density lipoprotein-cholesterol (LDL-C), high-
density lipoprotein-cholesterol (HDL-C), triglycerides
(TGs), and blood glucose (BG). Depression, anxiety, and
quality of life were measured using the following
questionnaires: Beck Depression Inventory (BDI-II),
Beck Anxiety Inventory (BAI), and World Health
Organization Quality of Life Questionnaire (WHO-
QOL). Percentage of body fat was determined using a
bio-impedance analyzer (Biospace, Korea).

Exercise training program
Both the TW and AW groups participated in medically
supervised exercise programs for 24 weeks in a
hospital-based rehabilitation setting. Intermittent ECG
monitoring, and blood pressure and BG measurement
were performed by qualified staff before, during, and
after the exercise sessions. The TW group performed
either treadmill or track walking of their own choice.
The participants in the AW program performed AW
and aquatic calisthenics in the therapeutic pool. The
depth of submersion was approximately at the height
of the xiphoid process of the subjects. The temperature
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of the water ranged from 30 °C to 32 °C. The heart
rate during both AW and TW was continuously mon-
itored using a water-proof heart rate monitor (Polar,
Finland). Blood pressure and ECG findings were in-
termittently measured during both TW and AW by
using a sphygmomanometer and defibrillator paddles,
respectively.
The intensity of exercise training for the 24-week

intervention ranged from 50% heart rate reserve (HRR)
to 65% HRR (obtained from the baseline exercise test)
in the TW group. In the AW group, the target heart
rate was modified by subtracting 15–17 bpm from the
50% HRR to the 65% HRR calculated range, as the
heart rate is known to be decreased during water
immersion owing to an increased stroke volume [13].
Furthermore, we employed the Borg scale of the rated
perceived exertion (RPE) during exercise and used the
range of RPE values of 11 to 14 for every exercise ses-
sion. The exercise time was maintained at 30 min per
session for both TW and AW, not including the warm-
up and cool-down periods. The exercise frequency was
3 days per week.

Statistical analyses
All variables were presented as mean ± SD, and a p
value of .05 was considered statistically significant. The
Kolmogorov-Smirnov test was used to examine the
normal distribution of each variable. All baseline
variables in this study were found to be normally distrib-
uted. For all the variables of interest, a two-way
repeated-measures analysis of variance was performed to
determine any time and/or group main effects, and an
interaction (time × group) effect in the three groups
from baseline to the 24th week of follow-up. Scheffe
post hoc testing was performed on significant effects to
determine between- and within-group differences.

Results
Baseline characteristics
Table 1 shows the baseline characteristics of all the sub-
jects who were randomly assigned to the treatment
groups. The mean age of the subjects was 72.9 ± 4.7 years,
with a male sex dominancy (76.6%). Among the treat-
ment groups, no significant differences were found. The

Table 1 Demographics and Characteristics

TW (n = 21) AW (n = 20) Con (n = 19)

Age (yr) 72.2 ± 4.5 73.2 ± 4.3 72.9 ± 4.7

Height (cm) 159.9 ± 9.6 154.6 ± 7.4 153.7 ± 7.1

Weight (kg) 58.4 ± 10.2 58.7 ± 6.1 57.0 ± 7.7

Gender

Male 15 (71.4) 14 (70.0) 14 (73.7)

Female 6 (28.6) 6 (30.0) 5 (26.3)

Clinical Status

Stable angina 11 (52.4) 10 (50.0) 10 (52.6)

Unstable angina 5 (28.7) 5 (25.0) 5 (26.3)

Acute Myocardial infarction 5 (28.7) 5 (25.0) 4 (21.1)

Left ventricle ejection fraction (%) 61.4 ± 6.3 60.9 ± 5.1 61.3 ± 69

Hypertension 11 (52.3) 10 (50.0) 10 (52.6)

Hyperlipidemia 10 (47.6) 9 (45.0) 9 (47.3)

Current smoker 6 (28.6) 5 (25.0) 5 (26.3)

Diabetes mellitus 6 (28.5) 6 (30.0) 6 (31.6)

Medication

Antiplatelet agent 21 (100) 20 (100) 19 (100)

Beta blocker 16 (76.1) 17 (75.0) 15 (78.9)

ACEI/ARB 10 (47.6) 11 (55.0) 10 (52.6)

Diuretics 3 (14.3) 2 (10.0) 1 (5.0)

Anti-diabetic 2 (9.5) 2 (10.0) 4 (21.0)

Statin 21 (100.0) 20 (100.0) 19 (100.0)

Values are mean ± SD or n (%)
TW treadmill/track-walking, AW aqua-walking, Con control, CAD coronary artery disease, ACEI angiotensin converting enzyme inhibitor, ARB angiotensin receptor
blocker, NSAID non-steroidal anti-inflammatory drug
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exercise programs were performed using the prespecified
exercise protocol.

Body composition
Body weight was not statistically different among the
groups; no time and group interaction was observed for
body weight. Although the time effect and interaction
for body mass index (BMI) was significant, the between-
group effects were not; the BMI decreased in both the
TW and AW groups, and increased in the CON group.
The %body fat was significantly different among and
within the groups (TW: −2.7%, AW: −2.8%, CON:
−0.4%). A significant group and time interaction was
also found. The post hoc testing revealed that both the
TW and AW groups had significant reductions in %body
fat compared with the CON group, although no signifi-
cant difference was found between the TW and AW
groups (Fig. 1).

CRF and resting Hemodynamics
The peak oxygen consumption increased in both the TW
and AW groups after exercise training (+2.3 mL/kg·min−1

vs. +2.0 mL/kg·min−1 respectively); the CON group
demonstrated a decreased peak oxygen consumption
(−2.5 mL/kg·min−1) after 24 weeks. The post hoc testing
revealed that both the TW and AW groups had a sig-
nificant increase in VO2 peak when compared with
the CON group; however, no significant difference
was observed between the two exercise groups.
Although not statistically significant, SBP decreased in

both the TW and AW groups and increased in the CON
group. Similarly, no significant main effects or inter-
action for DBP was found. The resting heart rate was

significantly different within the groups, demonstrating a
decrease in both the TW and AW groups (−6.3 and
−6.9 bpm, respectively). A small change in the resting
heart rate in the CON group (1.3 bpm) and a significant
interaction of time and group were observed (Fig. 2).

Fasting blood lipids and BG
Although the mean fasting BG level in both the TW and
AW groups decreased after exercise training and that in
the CON group increased, no statistically significant
difference between and within the groups, and no inter-
action of time and group were found. The TC level had
statistically significant between- and within-group differ-
ences (TW: −23.6 mg/dL, AW: −27.2 mg/dL, CON:
15.8 mg/dL) and a significant interaction between time
and group. The TC level in both the TW and AW
groups decreased, and that in the CON group increased.
The post hoc testing revealed that the TC levels of both
the TW and AW groups improved significantly when
compared with that of the CON group. The TG level
was significantly different within the groups, and re-
markable decreases were observed in both the TW and
AW groups (−63.8 mg/dL and −40.6 mg/dL, respect-
ively) with a slight increase in the CON group (5.6 mg/
dL). However, despite these differences, no significant
differences among the groups or in the interactions for
the TG level were found. No significant main effects or
interaction was observed for the LDL-C and HDL-C
levels (Fig. 1).

Psychosocial factors
None of the psychosocial factors, including the BDI-II, BAI,
and WHO-QOL findings, had any significant difference

Fig. 1 Comparison of the change in body composition, blood lipid
level, and blood glucose level. *Difference between the treadmill/
track walking (TW) and control (CON) groups. †Difference between
the aqua walking (AW) and CON groups

Fig. 2 Comparison of the change in hemodynamics and functional
capacity. *Difference between the treadmill/track walking (TW) and
control (CON) groups. †Difference between the aqua walking (AW)
and CON groups
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within or between the groups, and no significant inter-
action of time and group was found. It is interesting that
the mean depression and anxiety scores decreased in all the
groups, while the WHO-QOL scores increased, despite
their non-significance.

Discussion
The present study demonstrated meaningful changes
in both the TW and AW groups for %body fat (−9%
and −8%, respectively) and BMI (−3% and −4%, re-
spectively) after 24 weeks of training in the older pa-
tients with CAD. Given that every patient with OA
and CAD could not receive traditional TW programs
during their CR program, AW could be a feasible al-
ternative modality.
The levels of exercise and/or physical activity have

been well recognized to be inversely associated with the
risk of cardiovascular disease. However, traditional
weight-bearing exercises such as walking often cannot
be tolerated by individuals with orthopedic limitations.
Several studies have suggested that water-based exercises
are a viable alternative to land-based exercises for indi-
viduals with orthopedic problems and excess adiposity
[6, 7]. However, this study demonstrated the beneficial
effects of the AW program in older individuals who
underwent PCI. Daily activities, particularly for mobility-
impaired adults, rarely require maximal efforts. There-
fore, the ability to perform prolonged submaximal
exercises is often more relevant to health-related fitness.
From this perspective, the effects of the AW program
proposed in this study could be more emphasized by
considering submaximal walking training.
Our results are consistent with the changes in the

body composition that were reported in most previous
studies on water-based exercise therapy [8, 11, 12, 14].
Some studies stated that the effect of body fat reduction
was not significant in water-based exercise training
because of a tendency of conserving fat to provide
warmth and buoyancy during water exercise; however,
these statements were limited by the lack of scientific
evidence [12]. The changes in body weight and body
composition would be similar in these two modes of
exercise training, as oxygen consumption and caloric
expenditure have been found to be similar between
water- and land-based exercises [7]. During water-
based walking, water not only increases buoyancy,
which reduces energy expenditure, but also provides a
resistance against extremity movements, requiring
more energy expenditure than the resistance provided
by air [15].
While water buoyancy decreases joint forces, which is

beneficial to those with discomfort from lower extremity
arthritis, the increased resistance also helps strengthen

the muscles of the lower extremity and thus improves
physical function. CRF, a measure of physical function, is
an independent risk factor of cardiovascular and all--
cause mortality [16] and even small improvements in
this measure are associated with a decreased mortality
[17]. Water-based exercise training programs have been
shown to increase CRF or maximum exercise time/
workload in patients with brain injury [8] and stroke
[18], as well as in unfit young individuals [19] and
healthy elderly women [20]. In the present study, both
the TW and AW groups demonstrated significant and
meaningful improvements (10%) in CRF. Conversely,
individuals who undergo traditional exercise-based re-
habilitation programs commonly have a greater increase
(i.e., 15–20%) in CRF levels [21, 22]. This outcome is
often based on estimated MET levels and not from
directly measured VO2 peak levels. The former approach
is known to usually overestimate the actual functional
capacity, particularly in patients with cardiac conditions
[23]. Furthermore, the participants in the present study
were older patients (aged >65 years) with lower extrem-
ity arthritis and thus are likely to generate smaller
improvements in CRF than younger, healthier subjects.
The 10% increase in the VO2 peak value in both the AW
and TW groups in the present study is consistent with
the result of a prior study of a water-based exercise pro-
gram in healthy elderly subjects [20] and still represents
a meaningful change in the physical function for these
patients. The clinical meaning of the VO2 peak value im-
provement could be assumed. The VO2 peak value im-
provement obtained in the 24-week program may be
relevant, not only because it is consistent with the
results of a prior study but also because a similar improve-
ment predicted the long-term prognosis of patients with
CAD [24, 25]. Our study might emphasize the potential
clinical meaning of the AW program in CR programs.
Water-based exercise therapies have the potential to

impact hemodynamic measures, including heart rate and
blood pressure. A number of studies have concluded
that water immersion redistributes blood volume and
increases cardiac output because of the hydro-pressure
acting on the peripheral vasculature [26–30]. Conse-
quently, heart rate decreases and stroke volume in-
creases at rest and during exercise during water
immersion. Furthermore, the increased central blood
volume affects the renal blood flow and the right atrial
filling pressure, suppressing the arginine vasopressin and
plasma renin activity, and activating atrial natriuretic
factors. These hormones induce natriuresis and diuresis,
which in turn decrease blood pressure [26–28, 31].
Figure 2 shows that SBP and DBP decreased in both the
TW and AW groups without any significant difference
between them (−6% and −4% in SBP, and −8% and −5%
in DBP, respectively). These reductions in blood pressure
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are meaningful and consistent with those of other exer-
cise training studies [3, 32]. Whether the observed blood
pressure reductions are due to the “normal” exercise
training effect and/or from the aforementioned mechan-
ism of activating natriuresis and diuresis in water-based
exercises remains to be determined [26–28, 31]. The
resting heart rate decrease observed in both the TW and
AW groups is an expected adaptation to aerobic exercise
related to the increased parasympathetic activation [33]
and appears to be similar between the two groups.
Several studies have investigated the effects of water-

based exercises on the improvement of blood lipids and
reported inconsistent results [11, 34, 35]. In the present
study, meaningful changes in TC and TG levels were
observed in both the TW and AW groups; however, no
significant change in HDL-C and LDL-C levels were ob-
served in either groups. While many exercise studies
have reported an increase in HDL-C level, the volume of
exercise in the present study may have been insufficient
to generate this result. The TW and AW interventions
in the present study were only performed 30 min three
times per week, whereas many studies [36] have used
longer duration and/or greater frequency of exercises.
We limited the exercise volume of our subjects owing to
concerns of worsening their arthritic condition.
Improved insulin sensitivity and glucose control sec-

ondary to aerobic exercise training have also been well
established [37]. However, only a few studies have exam-
ined the effect of water-based exercises on glucose
tolerance and/or insulin sensitivity. Those studies
reported a significant reduction in fasting plasma glu-
cose level [35] and significant decreases in fasting
plasma insulin level, 2-h postprandial insulin/glucose
level, and homeostasis model assessment of insulin
resistance after 12 weeks of [38] water-based exercise
training programs. In the present study, the fasting BG
level decreased in both the TW and AW groups (−12%
both). Although the differences did not reach any statis-
tical significance, these results suggest that AW has
favorable effects on glycemic control that are similar to
that of TW.

Limitations
Our study has several limitations. This study was limited
by its small sample size, which may have decreased the
occurrence of statistical significances in some measures
such as psychosocial measures, although we still
observed many meaningful changes in the CAD risk fac-
tors and CRF from AW. Furthermore, the lower total
exercise “volume” employed in the present study
(30 min, three times per week) may have reduced the
magnitude of change in some of our outcome measures;
however, this was used to prevent worsening of symp-
toms in the patients with arthritis. Our findings could be

difficult to generalize to all patients because performing
AW needs specialized facility and members. Our study
did not accurately evaluate the level of physical activity
out of the hospital, which might have influenced the
outcomes of this study. However, our study can provide
evidence to support the benefits of exercise training,
especially alternative modalities such as AW, in an un-
derrepresented category of patients, including older
adults with CAD and OA.
Although maximal cardiopulmonary exercise tests are

the gold standard for CRF assessment, they have been
described as impractical for evaluating older and
mobility-impaired adults [39]. Thus, several alternative
submaximal walking protocols have been developed to
estimate CRF. However, we did not assess the walking
capacity using other walking tests. Thus, the CRF might
have been overestimated or underestimated in our study.
Improvements in walking distance or pace have been
demonstrated as strong independent predictors and a
better guide in assessing the prognosis than the gains in
the VO2 peak value. However, our study did not evaluate
these variables. The main aim of our study was to
evaluate the feasibility of AW as compared with that of
the TW program. Finally, our study did not investigate
the clinical outcome of the enrolled patients.

Conclusions
The results of this study indicate that AW for only
30 min three times per week can elicit the same benefi-
cial effects as TW for the same duration/frequency on
body composition, CRF level, blood lipid levels, and BG
level, as well as resting hemodynamics, in older patients
with CAD who underwent PCI. Consequently, this mode
of exercise should be recommended as part of a compre-
hensive exercise-based prevention/rehabilitation pro-
gram for patients with CAD who are limited by lower
extremity OA.
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