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Abstract

Objective The purpose of this study was to investigate the

effects of water exercise at a day service facility and the

effects of water exercise frequency on health-related

quality of life (HRQL).

Methods Participants (n = 30) were randomly separated

into three groups: two indicating exercise frequency, at

once-weekly or twice-weekly, and a control group. One-

hour exercise intervention sessions were carried out once

or twice a week, accordingly, for 24 weeks. The water

exercise session comprised a warm-up on land, activities of

daily living (ADL) exercises, stretching, strength training,

and relaxation in water. HRQL was evaluated using the

Medical Outcomes Survey Short-Form 36 (SF-36) ques-

tionnaire, and ADL disability was assessed using the

Functional Independence Measure.

Results Significant differences were found between pre-

and 6 months in both the once- and twice-weekly groups in

HRQL (p \ 0.05). No significant difference was found

among pre-, 3 months, and 6 months. The effect size

between the once and twice groups was moderate in both

the physical component summary (0.72) and mental com-

ponent summary (0.75) at 3 months. ADL disability shows

significant correlation with HRQL.

Conclusion Water exercise intervention at a day service

facility improved participants’ HRQL for 6 months by

improving exercise habits and ADL disability. Further-

more, the HRQL change differed according to exercise

frequency: twice-weekly exercise showed more rapid

improvement than once-weekly.

Keywords Water exercise intervention � Health-related

quality of life � Activities of daily living disability �
Exercise frequency � Day service facility

Abbreviations

HRQL Health-related quality of life

ADL Activities of daily living

PNCIS The public nursing-care insurance system

SF-36 The Medical Outcomes Survey Short form-36

FIM Functional Independence Measure

COPD Chronic obstructive pulmonary disease

FM Fibromyalgia

PF Physical functioning

RP Role limitations due to physical health

BP Bodily pain

GH General health

PCS Physical component summary

VT Vitality

SF Social functioning

RE Role limitations due to emotional health

MH Mental health

MCS Mental component summary

BMI Body mass index

RPE Rating of perceived exertion scale

SD Standard deviation

ES Effect size
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Introduction

Elderly people receiving nursing care are reportedly more

likely to exhibit decreased or compromised body function

and structure, activity, participation, and health-related

quality of life (HRQL) than those without nursing care

[1,2]. The amount of decline in activities of daily living

(ADL) ability was different among the specific activities.

Lower extremity activities, such as mobility (locomo-

tion), transfer, and going up and down stairs, significantly

decreased earlier than upper extremity activities, such as

eating, grooming and dressing [3]. It has been reported

that exercise intervention slows the decrease in HRQL,

but positive effects are not apparent in subjects with high

levels of nursing care; such as eating, grooming and

dressing [4]. Therefore, it is important to prevent

increasing levels of nursing care for elderly people who

still only require a low level of care; such as mobility

(locomotion), transfer, and going up and down stairs. In

Japan, various approaches have been undertaken to pre-

vent the increasing level of nursing care and to reduce

the number of persons receiving nursing care within the

public nursing-care insurance system (PNCIS), which is

the first and only system in the world for helping elderly

people lead an independent life [5]. Almost all elderly

people receiving a low level of nursing care use day

service facilities through PNCIS; for that reason, it is

beneficial to suggest various approaches to improve and

maintain HRQL in day service facilities.

Exercise improves and maintains HRQL. Resistance

exercise and balance exercise supported by PNCIS

reportedly lead to improvement in HRQL [6, 7]. Unfor-

tunately, physical activity increases the possibilities for

falling. The perceived risk of falling is a widely recog-

nized barrier to exercise [8, 9]. Additionally, elderly

people who require nursing care are limited to available

exercise programs which consider safety and effective-

ness; therefore, it is important to carefully select the type

of exercise they do. Water is a supportive, low-risk

exercise environment that might reduce the likelihood of

acute injury and fear of falling, and which might there-

fore improve participation and adherence to an exercise

program [10, 11]. Therefore, the water environment is

beneficial to elderly people who require a low level of

nursing care, such as individuals who are frail, who

suffer from pain, who are severely kyphotic, or who have

poor balance [12].

Previous studies have elucidated the influences of

water exercise on HRQL in women over 65 years of age

[13], patients with chronic obstructive pulmonary disease

[14] and those with fibromyalgia [15], although no studies

have examined elderly people receiving nursing care.

HRQL is related to body function and structure, activity,

and participation [16, 17]. Results from our previous

study clarified that participating in water exercise at a day

service facility helps frail elderly people who require a

low level of nursing care to foster exercise habits and

improve ADL disability and lower muscle strength [18].

Additionally, the greater benefit of exercise for elderly

people was observed in mental components rather than

physical components in the Medical Outcomes Survey

Short-Form 36 (SF-36) [19]. Consequently, it is expected

that water exercise would improve HRQL in elderly

people receiving a low level of nursing care.

To plan an optimally beneficial water exercise pre-

scription, it is necessary to examine the effects of the

program, term, frequency, and intensity of water exercise.

Previous studies have reported improvement in HRQL by

water exercise, irrespective of the exercise frequency: once

a week for 6 months [15], or twice [13] or three times [14]

a week for 3 months. However, no previous research

investigated the effects of different frequencies of water

exercise on HRQL among frail elderly people who require

nursing care. Results from our previous study clarified that

among frail elderly requiring a low level of nursing care

who participated in water exercise once a week, ADL

disability took 6 months to show improvement, although

water exercise twice a week at a day service facility

improved ADL disability for 3 months and subsequently

plateaued after that [18]. HRQL is related to ADL dis-

ability [16]. Therefore, HRQL changes might differ

according to exercise frequency. Within PNCIS, the level

of nursing care determines the amount of the received

service. Accordingly, it is important to examine the effects

of water exercise frequency on HRQL.

The present study was intended to investigate the effect

of water exercise within PNCIS and how water exercise

frequency affected the change in HRQL among frail

elderly people receiving a low level of nursing care. We

hypothesized that among frail elderly people receiving a

low level of nursing care, water exercise twice a week

would elicit rapid improvement in HRQL at 3 months and

subsequently plateau after that, as in our previous study of

ADL disability [18], with less dramatic gains from exercise

once a week.

Methods

Design

This was a single-blind, randomized pilot study with study

enrollment carried out between September 2004 and July

2005. The Ethical Committee of the University of Tsukuba

in Japan approved this study. Informed consent was

obtained from all participants.
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Participants

Participants who were frail elderly persons receiving

nursing care and who used day services within PNCIS were

recruited through informational talks. They lived in the

central and southern area of Ibaraki prefecture. Participants

were enrolled after an assessment screening for eligibility

criteria as follows: (a) help with daily living is necessary

according to certification requirements for receiving long-

term care; (b) aged 65 years or more; (c) no cognitive

impairment precluding understanding of the written

informed consent; (d) no regular exercise outside of this

study; (e) no cardiopulmonary or mental disease or ortho-

pedic disorder; (f) no wheelchair use; (g) no recent

hospitalization (within 6 months); (h) permission of water

exercise participation by their doctor; (i) postmenopausal;

(j) in retirement and living on a pension; (k) first use of this

day-service facility; (l) performing, with nursing assis-

tance, at least one of five mobility-related ADL tasks

before starting water exercise intervention: transfer (to

chair and bed), toilet transfer, bathing transfer, mobility

(locomotion), and stair climbing; and (m) does not require

nursing care to perform any functions other than mobility-

related ADL tasks. ADL disability was evaluated using the

Functional Independence Measure (FIM) [20]. Each item is

scored using 1–7 points: 1 for total assistance; 2 for max-

imal assistance; 3 for moderate assistance; 4 for minimal

assistance; 5 for supervision or prior preparation; 6 for

modified independence; or 7 for complete independence.

All eligible participants were randomly assigned to

either the once-weekly or twice-weekly intervention group

or the control group, thus indicating their exercise fre-

quency during the study. The group distribution was

carried out by the nursing care manager, who was unrelated

to this intervention study.

Intervention

The water exercise program was conducted at the indoor

pool in a day service facility, which had a water depth of

1.05–1.15 m, water temperature of 33�C, and ambient

temperature of 30�C. Each exercise session was supervised

by at least two experienced instructors who belonged to a

private swimming school, one clinical nurse, and three

caregivers from the day service facility. Before each

exercise session, the clinical nurse measured the heart rate,

blood pressure, and body temperature of each participant.

Exercise sessions were divided into a 10-min warm-up

consisting of flexibility exercise on land and 50 min of

exercise in water. The 50-min water exercise program

consisted of 20 min of walking, 10 min of ADL exercise,

10 min of stretching and strength, and 10 min of relaxation

in water. The ADL exercise was aimed at improving and

maintaining ADL disability, especially functional mobility

including transfer, bathing transfer, toilet transfer, mobil-

ity, and stair climbing [18]. Participants performed

functional mobility in the water. Exercise intensities of

both programs were set at 11 on a rating of perceived

exertion (RPE) scale [21].

All participants used the day services. The once and

twice groups participated in the water exercise for 1 h

once-weekly and twice-weekly, respectively. Participants

in the control group instead spent time at lunch, bathing,

watching TV, communicating with each other and in rec-

reation. These programs were designed to provide attention

and social interaction, and were designed as a ‘placebo’

intervention.

Measurement

Health-related quality of life and ADL disability were

measured before the exercise intervention began (pre) and

after 3 and 6 months.

Health-related quality of life

The Medical Outcomes Survey SF-36 questionnaire was

administered to assess HRQL over the preceding 4 weeks

[22]. The SF-36 questionnaire in Japanese was used in this

study [22]. The SF-36 is a widely used, reliable, and valid

criterion measure of HRQL in numerous populations [23,

24]. The SF-36 questionnaire has 36 questions that are

scored to measure eight domains of HRQL pertaining to

both physical and mental health (MH). The domains of

physical functioning (PF), role limitations due to physical

health (RP), bodily pain (BP), and general health (GH)

comprise the physical component summary (PCS) of

HRQL, while the domains of vitality (VT), social func-

tioning (SF), role limitations due to emotional health (RE),

and MH comprise the mental component summary (MCS)

of HRQL. Each domain was scored using a scale of 0–100.

The higher scores indicate higher HRQL than lower scores.

The internal consistency of SF-36 is good, with Cronbach’s

alpha of 0.76–0.90 for all domains of the questionnaire

[25].

Activities of daily living disability

Activities of daily living disability was evaluated using the

FIM [20]. A clinical nurse working full-time at the day-

service facility evaluated the FIM. The FIM consists of 18

basic ADL items. Each item is scored using 1–7 points.
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ADL disability in this study was represented using a sum

score of transfer, toilet transfer, bathing transfer, mobility,

and stair climbing items. Table 1 shows the relationship

between the FIM score and ADL disability. The reliability

and validity of the FIM are reported in previous studies [26,

27].

Exercise intensity

Exercise intensity was evaluated using Borg’s RPE scale

after each exercise session [20]. Borg’s scale in Japanese

was used in this study [28]. It ranges from 6 to 20: from

‘‘very, very light’’ to ‘‘very, very hard’’ exercise intensity.

The higher scores indicate higher exercise intensity than

lower scores. The score was correlated with heart rate and

other physiological variables [29].

Statistical analysis

The data were presented as mean ± standard deviation

(SD) and analyzed using computer software (SPSS v.14;

SPSS Inc.).

The FIM score was treated as non-parametric data

because of the ordinal scale. Other data were treated as

parametric data when the data were similar to normal

distribution, and as non-parametric data when the data were

significantly different from normal distribution.Baseline

values were compared among groups with one-way

ANOVA for parametric data or the Kruskal–Wallis test for

non-parametric data.

Differences within groups were analyzed statistically

using the Freedman test and post hoc test, with Wilco-

xon’s sign rank test and Bonferroni’s inequality for non-

parametric data. Statistical significance was inferred for

p \ 0.0167 because of the comparison of three combi-

nations in the post hoc test. Differences among the three

groups were analyzed statistically using the Kruskal–

Wallis test and post hoc test, with the Steel–Dwass test

for non-parametric data.

For parametric data, a group · time (3 · 3) repeated

measures ANOVA was used to analyze the significance of

changes with time among all groups, and Tukey’s post hoc

test was used.

Spearman’s correlations were used to examine the

relationship between HRQL (SF-36 score) and ADL dis-

ability (FIM score). Statistical significance was inferred for

p \ 0.05.

Effect size (ES) was calculated in order to examine the

size of the observed effects according to water exercise

frequency. The ES between the once group and twice group

was determined as follows:

ES = (Dtwice group - Donce group)/pooled SD

ES of 0.2, 0.5, and 0.8 were considered respectively as

small, moderate, and large [30].

Power analyses performed a priori indicated that 12

total participants would be needed to detect an ES of

0.7, with alpha set at 0.05 and beta at 0.20.

Table 1 Baseline

characteristics of the

participants

Values are mean ± standard

deviation (95% confidence

interval). No significant

difference between any groups

Once group

(n = 10)

Twice group

(n = 12)

Control group

(n = 8)

p-Value

Age (year) 79.2 ± 5.1 75.3 ± 6.0 77.6 ± 6.8 0.320

Height (cm) 145.1 ± 12.3 146.8 ± 10.6 151.7 ± 11.5 0.472

Body weight (kg) 52.5 ± 13.1 55.9 ± 9.0 57.6 ± 11.2 0.623

BMI 24.8 ± 5.0 26.3 ± 6.2 25.6 ± 4.6 0.814

Health-related quality of life

Physical component summary 34.2 ± 6.7 37.3 ± 8.7 40.2 ± 10.6 0.314

Physical function 25.2 ± 12.0 19.3 ± 16.7 22.6 ± 11.7 0.397

Role physical 24.5 ± 19.2 36.4 ± 14.7 38.3 ± 17.3 0.156

Bodily pain 41.7 ± 10.8 43.3 ± 11.7 50.8 ± 13.9 0.223

General health 45.5 ± 9.2 504 ± 8.8 49.0 ± 15.1 0.584

Mental component summary 42.0 ± 10.9 45.9 ± 7.3 43.8 ± 11.5 0.708

Vitality 49.3 ± 9.2 50.5 ± 8.9 494 ± 11.8 0.936

Social functioning 44.6 ± 12.2 45.0 ± 12.5 39.0 ± 13.0 0.537

Role emotional 30.2 ± 19.3 39.6 ± 13.8 41.2 ± 17.1 0.377

Mental health 43.8 ± 134 48.7 ± 104 45.8 ± 12.3 0.701

ADL disability

FIM score (points) 28.1 ± 1.8 26.6 ± 5.1 28.9 ± 3.5 0.386

1580 Qual Life Res (2007) 16:1577–1585

123



Results

Recruitment and participant characteristics

Eighty-one participants volunteered to participate in this

study, and of those, 51 did not meet the eligibility criteria.

Therefore, 30 eligible participants were randomly assigned

to either one of the intervention groups, the once group

(n = 10) or the twice group (n = 12), or the control group

(n = 8). One participant from the twice group did not

complete the intervention because of reclassification as

independent. Elderly who are classified as independent

cannot receive any services through PNCIS [4]. The final

participants for this study included 10 in the once group, 11

in the twice group, and 8 in the control group. No signif-

icant differences were found among the three groups in

measured characteristics at baseline. The baseline charac-

teristics of the participants are presented in Table 1.

Exercise attendance rate and exercise intensity

Attendance rates were 95.0 ± 4.7% and 95.3 ± 5.8% in the

once and twice groups, respectively, which were not sig-

nificantly different. The RPE were 11.1 ± 0.3 and

10.9 ± 0.5 in the once and twice groups, respectively,

which were not significantly different.

Health-related quality of life

Differences within and among groups in PCS and MCS are

presented in Table 2 and Fig. 1. PCS and MCS

significantly increased at 3 and 6 months compared to pre,

in the once and twice groups (p \ 0.05). Significant

increments of PCS and MCS were found between 3 and 6

months only in the once group (p \ 0.05). PCS in the twice

group was significantly higher than in the once and control

groups at 3 months (p \ 0.05), but was similar in the once

group at 6 months. MCS in the twice group was signifi-

cantly higher than the control group at 3 months

(p \ 0.05), and there was no significant difference com-

pared to the once group. The ES between once and twice

groups were moderate for PCS (0.72) and MCS (0.75) at 3

months, and small (–0.27 and –0.27) at 6 months.

Table 2 Physical and mental component summary scores from Short-Form 36 at baseline, 3 and 6 months

Once group

(n = 10)

Twice group

(n = 12)

Control group

(n = 8)

Effect size

(once vs. twice)

Normal value,

age 70–80

Physical component summary

Pre 34.2 ± 6.7 37.3 ± 8.7 40.2 ± 10.6

Three monthsa 37.9 ± 6.7b 46.1 ± 5.3b,d 31.6 ± 10.5b 0.72 41.3 ± 12.7

Six months 44.2 ± 7.6b,c 454 ± 6.0b 34.7 ± 11.6 –0.27

Mental component summary

Pre 42.0 ± 10.9 45.9 ± 7.3 43.8 ± 11.5

Three months 454 ± 10.0b 52.4 ± 6.7b,d 33.9 ± 10.6 0.75 51.7 ± 9.9

Six months 50.6 ± 9.3b,c,d 52.6 ± 6.9b,d 34.6 ± 12.6 –0.27

Values are mean ± standard deviation (SD) (95% confidence interval)

Effect size = (Dtwice - Donce)/pooled SD

Effects of sizes of 0.2, 0.5 and 0.8 are considered to be small, moderate and large [30]
a Significant difference between once group and twice group
b Significant difference compared to pre
c Significant difference between 3- and 6-month
d Significant difference compared to control group

Fig. 1 Physical and mental component summary for three groups

at baseline, 3 and 6 months. *Significant difference compared to

pre. �Significant difference between 3- and 6-month. �Significant

difference compared to control group §Significant difference

between once group and twice group
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Table 3 presents the eight domains of the SF-36 at

baseline, 3 and 6 months. Significant differences in RP,

BP, GH, VT, RE between pre and 6 months were found

in both the once and twice groups (p \ 0.05). On the

other hand, no significant difference was found among

pre, 3 and 6 months for PF in the once and twice groups.

In the control group, significant decrements were found

between pre and 3 months for PF, and pre and 6 months

for RP and VT. No significant difference was found

among pre, 3 and 6 months in other domains in the

control group. Significant differences between the once

and twice groups were seen for RP, GH and RE at 3

months (p \ 0.05), but not at 6 months. The negative ES

of RP, BP, GH, VT, SF, and RE between the once and

twice groups were small at 6 months.

ADL disability

Differences within and among groups in FIM score are

presented in Table 4. Significant differences in FIM score

were found between pre and 6 months for both the once

and twice groups (p = 0.004, 0.002), and between pre and

3 months only in the twice group (p = 0.002). No signifi-

cant difference was found between pre, 3 and 6 months in

the control group.

Correlation between HRQL and ADL disability

Table 5 shows the relationship between HRQL and ADL

disability for all data. ADL disability has a significant

Table 3 Eight domain scores

of Short-Form 36 at baseline,

3 and 6 months

Values are mean ± standard

deviation (SD) (95% confidence

interval)

Effect size = (Dtwice - Donce)/

pooled SD

Effects of sizes of 0.2, 0.5 and

0.8 are considered to be small,

moderate and large [30]
a Significant difference

between once group and twice

group
b Significant difference

compared to control group
c Significant difference

compared to pre
d Significant difference

between 3- and 6-month

Once group

(n = 10)

Twice group

(n = 12)

Control group

(n = 8)

Effect size

(once vs. twice)

Normal value

age 70–80

Physical functioning

Pre 25.2 ± 12.0 19.3 ± 16.7 22.6 ± 11.7

Three months 26.6 ± 6.7 28.7 ± 10.7� 16.0 ± 15.0c 0.71 37.9 ± 17.0

Six months 31.5 ± 8.1b 29.0 ± 9.3b 16.0 ± 12.8 0.24

Role physical

Pre 24.5 ± 19.2 36.4 ± 14.7 38.3 ± 17.3

Three monthsa 32.7 ± 15.3c 49.7 ± 9.7b,c 24.3 ± 13.5 0.37 42.4 ± 14.8

Six months 43.6 ± 14.7c,d 48.3 ± 9.6c 30.7 ± 21.5c –0.42

Bodily pain

Pre 41.7 ± 10.8 43.3 ± 11.7 50.8 ± 13.9

Three months 43.5 ± 9.9 48.9 ± 9.3c 44.0 ± 13.3 0.64 46.9 ± 11.0

Six months 47.6 ± 8.9c,d 48.2 ± 94c 48.3 ± 154 –0.18

General health

Pre 45.5 ± 9.2 504 ± 8.8 49.0 ± 15.1

Three monthsa 48.6 ± 6.3c 57.1 ± 8.1c 42.0 ± 17.2 0.69 47.0 ± 11.3

Six months 54.1 ± 5.4c,d 56.1 ± 8.2b,c 43.9 ± 13.3 –0.41

Vitality

Pre 49.3 ± 9.2 50.5 ± 8.9 494 ± 11.8

Three months 52.4 ± 9.7b 56.1 ± 8.6b,c 37.9 ± 15.2 0.41 49.4 ± 10.6

Six months 56.4 ± 8.9b,c,d 56.7 ± 8.9b,c 41.4 ± 13.7c –0.14

Social functioning

Pre 44.6 ± 12.2 45.0 ± 12.5 39.0 ± 13.0

Three months 47.2 ± 94b 52.2 ± 7.5b,c 28.3 ± 16.5 0.57 48.5 ± 11.8

Six months 53.2 ± 64b,c 51.1 ± 8.2b 30.8 ± 18.9 –0.27

Role emotional

Pre 30.2 ± 19.3 39.6 ± 13.8 41.2 ± 17.1

Three monthsa 36.6 ± 16.6c 49.5 ± 11.5b,c 28.9 ± 14.2 0.30 44.8 ± 14.3

Six months 45.1 ± 15.8c,d 498 ± 10.2b,c 30.0 ± 18.1 –0.31

Mental health

Pre 43.8 ± 13.4 48.7 ± 10.4 45.8 ± 12.3

Three months 45.4 ± 12.0 520 ± 10.6b 405 ± 9.2 0.25 50.9 ± 10.0

Six months 47.8 ± 12.8 52.9 ± 10.5b 36.5 ± 15.3 0.00
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correlation with PCS (r = 0.452, p \ 0.05) and MCS

(r = 0.383, p \ 0.05).

Discussion

This study clarified the effects of water exercise at a day

service facility on HRQL in elderly people receiving a low

level of nursing care, and how water exercise frequency

affected the change in HRQL. This is the first study to

investigate the effects of water exercise on HRQL in frail

elderly people. The findings reached in this study are

applicable to water exercise prescription at a day service

facility within PNCIS.

Water exercise at a day service facility in this study

improved PCS and MCS (RP, BP, GH, VT, SF, and RE) for

6 months, irrespective of the exercise frequency. The

HRQL of the person who exercises regularly is higher than

that of the person who does not [17], and it is reported that

the adherence to exercise improves HRQL [13]. A previous

study reported improvement in PCS through water exer-

cise; the exercise attendance rate affected the

improvement, and a higher attendance rate improved it

more [14]. Overall, exercise attendance rates in the once

and twice groups in the present study were 95.0 ± 4.7%

and 95.3 ± 5.8%, respectively. The present result is

slightly better than those of previous water exercise inter-

vention studies (84–90%) [13, 29, 30] and for land exercise

in a care facility (70–81%) [31, 32]. Frail individuals have

more difficulty continuing an exercise program according

to their low exercise capacity [33–35]. Water exercise

improves participation and adherence to an exercise pro-

gram according to the group interaction and socialization

resulting from the water exercise intervention [13]. The

present water exercise program, which included ADL

exercise, [18] was safely executed in a group, which might

had have a positive effect on the attendance rate. The

factors contributing to this result were the water exercise

program and the execution under PNCIS, which indicate

that water exercise programs within PNCIS ensure high

exercise continuity and adherence. Therefore, it is sug-

gested that water exercise at a day service facility improves

continuity and adherence to exercise and improves HRQL

in frail elderly people receiving a low level of nursing care,

irrespective of the exercise frequency, for 6 months.

Health-related quality of life declines with age [36] and

deterioration in ADL ability [36]. Scores in PCS and MCS

prior to the water exercise intervention were slightly lower

than normal values for healthy Japanese people aged 70–80

and were found to be related to ADL disability in this

study. Additionally, improvements in ADL disability were

apparent, as in our previous study [18]. These results

suggest that the present improvements in HRQL were

affected by the improvements in ADL disability. Further-

more, the HRQL value after water exercise intervention

showed values similar to normal values for healthy Japa-

nese people aged 70–80. Therefore, it is indicated that

elderly people receiving a low level of nursing care can

achieve similar HRQL to healthy people through partici-

pation in water exercise at a day service facility.

Many studies have reported that exercise interventions

including water, resistance, and balance exercise improved

ADL disability, symptoms and body functions; as a result,

PF in the SF-36 was improved [7, 13, 30]. In contrast to

those precedent studies, PF did not change in this study.

Elderly people with nursing care had little confidence in

their physical functions compared to healthy elderly people

[36]. Although an improvement in ADL disability was

observed in this research, the participants still required

nursing care after the present water exercise intervention.

Apparently, the improvement in ADL disability was

insufficient to improve PF in this study. Nevertheless,

although PF is reported to decrease with aging [19], higher

Table 4 Functional Independence Measure scores at baseline, 3 and

6 months

Once group

(n = 10)

Twice group

(n = 12)

Control group

(n = 8)

FIM score (points)

Pre 28.1 ± 1.8 26.6 ± 5.1 28.9 ± 3.5

Three monthsa 29.7 ± 2.5 32.5 ± 2.6b,d 26.6 ± 54

Six months 31.9 ± 2.3b,c,d 32.9 ± 24b,d 24.9 ± 4.1

Values are mean ± standard deviation (95% confidence interval)
a Significant difference compared to once group
b Significant difference compared to pre
c Significant difference between 3- and 6-month
d Significant difference compared to control group

Table 5 Correlation between

Short-Form 36 score and

Functional Independence

Measure score

* Significant relationship with

Functional Independence

Measure score

PCS PF RP BP GH

Correlation coefficient 0.452 0.414 0.451 0.190 0.289

p-Value \0.000* \0.000* \0.000* 0.073 0.006*

MCS VT SF RE MH

Correlation coefficient 0.383 0.279 0.381 0.313 0.278

p-Value \0.000* \0.000* \0.000* 0.003* 0.008*
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PF was noted compared to that of the control group after 6

months in this study. Consequently, these results suggest

that the present water exercise at a day service facility

maintains PF in the SF-36, against its usual decline with

aging, irrespective of exercise frequency. Further study is

necessary to investigate the effects of water exercise within

PNCIS on HRQL, including PF in elderly people receiving

nursing care.

Despite the increasing number of studies that have

examined the effects of water exercise on HRQL [13, 14,

30], no findings describe exercise frequency to improve

and maintain HRQL. The results of between-group varia-

tion in HRQL show that the influence of the exercise

frequency became greater at 3 months and smaller at 6

months. This supported the hypothesis that water exercise

twice a week would elicit rapid improvement in HRQL and

ADL disability at 3 months and subsequently plateau after

that, with less dramatic gains from exercise once a week. It

has been reported that ADL disability is one factor con-

tributing to the decline in HRQL [36]. Therefore, it is

indicated that water exercise frequency affects the change

in HRQL among frail elderly people receiving nursing

care, and that HRQL was related with ADL disability. A

small negative ES was seen, though HRQL scores were

similar between the once and twice groups at 6 months. It

is reported that low-frequency exercise intervention is

more acceptable because of the frail elderly’s poor par-

ticipation, high drop-out rates, and low exercise capacity

[34]. As such, those results might mean low exercise fre-

quency is also acceptable. The findings in this study are

applicable for water exercise prescription at a day service

facility. Although this intervention only had a short term of

6 months, aging continues until the end of life; conse-

quently, it is necessary to verify the long-term effects on

HRQL of the frequency of water exercise within PNCIS.

There are several limitations in this study. First, the

investigators who conducted the assessments were not

blinded to the participants, which increased the possibility

of bias during the assessment at 3 and 6 months. Second,

we did not include other factors that may have contributed

to the changes in HRQL, such as body functions, body

structure or relationships with family. Third, SF-36 scores

do not present HRQL at a point in time but during the

preceding 4 weeks. Finally, the sample size in this study is

small. Frail elderly people have various difficulties related

to participating in water exercise. There are few existing

facilities with a pool of the type in the day service center in

this study. Additionally, it costs a lot of money to maintain

and manage the equipment. For that reason, no research has

examined the effects of water exercise among frail elderly

people. Consequently, further research is needed to clarify

the effects of water exercise on HRQL and ADL disability

among frail elderly people.

In conclusion, this type of water exercise intervention

at a day service facility within PNCIS can improve

HRQL for 6 months by fostering exercise habits and

improvements in ADL disability. In addition, the change

in HRQL is different according to the exercise frequency:

exercise twice a week elicited rapid improvement com-

pared to exercise once a week, with a subsequent plateau

of benefits.
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