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(English Abstract)

INTRODUCTION

Japan is now a “super-aged society” where the percentage of elderly people increases each year.
Aerobic exercise is cited as being effective in mitigating issues associated with aging, such as elevated blood
pressure. It is preferable that exercise for elderly people — and young people who are not proficient at
exercising — is performed safely and at low load intensities that do not stress joints or other physical elements.
Aquatic exercises, which are exercises performed while immersed in water, have been shown to be effective
as this type of exercise. However, there is only a limited amount of experimental data examining elderly
subjects grouped by blood pressure as they engage in aquatic walking as an aerobic exercise. Moreover, there
iS no consensus on such elements as exercise frequency, time, and duration for aquatic walking, with existing
experimental data limited to reports on combined exercise programs. There are also few reports of aerobic
exercise performed with an immersed upper limb and almost no reports which investigate the effects of
immersing different body parts. Furthermore, there is extremely limited experimental data on exercise in
water with pressurized cuffs on the upper limbs, making it unclear how such exercise affects variations in
blood pressure and heart rate, as well as endocrine system dynamics.

The research detailed in this paper utilized aquatic walking performed by elderly subjects grouped by
blood pressure to examine variations in blood pressure and to clarify the efficacy of this type of exercise for
elderly people and people with elevated blood pressure. An additional objective of this research was to
examine variations in blood pressure, heart rate, growth hormone secretion, and insulin-like growth factor-1
(IGF-1) secretion that result from differences in immersion conditions and applied cuff pressures during
arm-swinging exercise.

RESEARCH METHODS

Aquatic walking subjects were females who participated in all sessions of a nursing care prevention
class who had no currently treated conditions or doctor-mandated exercise restrictions. Divided into a
hypertensive group and control group based on hypertension diagnostic standards, subjects performed the
following routine weekly for 5 weeks, for a total of 6 sessions: 10 minutes of warming up, 15 minutes of
aquatic walking (forward, backward, and sideways), 10 minutes rest, and 10 more minutes of aquatic walking.
Subjects were instructed to exercise at a rate of perceived exertion (RPE) intensity between 11 (fairly light) to
13 (somewhat hard). Systolic blood pressure, diastolic blood pressure, and heart rate were measured before
and after exercise with an automatic blood pressure monitor at the initial session, and then during the first,
third, and fifth weeks of the trial. Average blood pressure was calculated from measured blood pressure
values.

Subjects performing the arm-swinging exercise were healthy male university students with no history
of cardiovascular disease and no acute injuries. There were two immersion conditions: whole body immersion
to the level of the xiphoid process or partial immersion limited to the brachial area of the subject’s dominant




arm. A cuff was wrapped around the brachial area of the dominant arm for both immersion conditions and
subjects performed shoulder flexion and extension for 10 minutes (7 sets of 1 minute of exercise followed by
30 seconds of rest). This was performed once at a cuff pressure of 0 mmHg and once at a cuff pressure of 50
mmHg. Once immersed, subjects were instructed to exercise at an intensity that permitted easy completion of
1 minute of exercise, performed at a RPE between 11 (fairly light) and 13 (somewhat hard). Systolic blood
pressure, diastolic blood pressure, and heart rate were measured with an automatic blood pressure monitor
before and after exercise. Growth hormone and IGF-I levels were measured by blood taken before exercise
and 15 minutes after exercise, with testing performed by an external lab.

RESULTS AND DISCUSSION

Examining changes over time in aquatic walking subjects, who were divided into a hypertensive group
and a control group based on hypertension diagnostic standards, revealed the hypertensive group had
decreased systolic blood pressure after one week and decreased diastolic and average blood pressures after
three weeks. No blood pressure changes were evident in the control group. A comparative analysis to
determine immediate exercise effects using measurements pre-and-post aquatic walking showed that after
aquatic walking the control group had increased systolic and diastolic blood pressures, and decreased heart
rates. After five weeks, average values for systolic blood pressure in the hypertensive group decreased below
hypertension diagnostic standards, and at this point the hypertensive group showed the same post aquatic
walking increases in systolic and diastolic blood pressures and decreases in heart rates that were evident in the
control group. These results make clear that although continued implementation of aquatic walking will
reduce systolic and diastolic blood pressures in elderly people meeting the diagnostic standards for
hypertension, blood pressure increases were evident immediately following aquatic walking in
non-hypertensive elderly subjects.

Examining results from the arm-swinging exercise performed under whole body immersion (to xiphoid
process) and partial immersion (brachial area of dominant arm only) revealed a significant secretion of growth
hormone under both conditions for pressurized cuffs, and under partial immersion conditions for
non-pressurized cuffs. This secretion of growth hormone occurred irrespective of the low exercise load. There
was no change evident in IGF-I, blood pressure, or heart rate for either immersion condition or for any cuff
pressure. A comparative analysis of whole body and partial immersion showed a significant difference for
only 0 mmHg cuff pressure during partial immersion, where growth hormone levels increased. There was no
significant difference evident in IGF-I, blood pressure, or heart rate for either immersion condition or for any
cuff pressure.

Results show that aquatic walking produced reduced blood pressure at a lower exercise frequency and
at an earlier stage than indicated in previous research on the hypotensive effect of aerobic exercise in elderly
people. Furthermore, this research demonstrated that aquatic arm-swinging exercise performed with only the
dominant arm immersed and at low exercise loads produced growth hormone secretion, exhibited by
increased growth hormone levels. This suggests that immersing only the targeted body part possibly creates
conditions similar to blood flow restriction training, as body parts beyond the immersed section are
compressed due to water pressure. All the aerobic exercise performed in this research did not require the face
to be submerged, had easily understandable movements, and produced no evident exercise associated rises in
blood pressure or heart rate. This suggests it can be an effective method of exercise for populations requiring
caution during exercise, such as elderly people and people with elevated blood pressure.
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