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How Effecﬁvely Does EXERCISE for the Elderly
Work in Preventing Frailty? : Using Propensity
Score Matching Methods to Evaluate the
Effectiveness of Exercise Programs Aimed at
Improvement of Physical Capabilities of the
Potential Frail Elderly Persons

Kazuhiko Ito, M.A. V'®, Shuiehi Obuchi, P.T., PhD.?, Ichiro Tsufi, M.D., Ph.D. ¥

Abstract

Based on the empirical findings from the observational studies conducted by the
Ministry of Health, Labour and Welfare' s specific study group (Tsufl ef al, 2009), we
examine the effectiveness of continuons participation in the “Exercise Program aimed at
Improvement of Physical Capabilities of Potentially Frail Elderly Persons” (EXERCISE),
which was introduced to preveat frail elderly people from requiring a long-term
coretaker in his/ber aging daily living, using Survival analyses and Heckman's
Difference in Differences (DID) estimation after the implementation of the Propensity
Score Matching (PSM) method to avoid any harmful effect due to the selection bias.

As a result, we reconfirm the significant effect of continuous participation in
EXERCISE with the result of survival analyses using an accelerated failure time model
(AFT model). An estimated acceleration factor (AF), which describes “Stretching out”
of the survival time wheh comparing the two groups (Participation and Non-.
Participation) and which is obtained by exponentiation of the estimated coefficient of
TRT variable, giving an AF value of 1.6 for the “Person at High Risk of Frailty= PHRF
(Tokuteikoureisha)” and an AF valne of 3.1 for the “Person Requiring Support=PSR
(Yoshiensha)” implies that the median survival time for the Participation group in
PHRF s slightly less than double the survival ime of the Non-Participation group and
that in PSR is little more than triple, respectively. Moreover, we confirm that the
estimated coefficients on predictor variables of the HDS-R Test score and on the
dummy variables indicating the history of a certain disease obtained by the AFT
parametric model indicate a significant effect on the results statistically.

in addition, DID estimations using the “Kihon-checklist™ score indicate that the
Kihon-checklist score for the Participation group of HRF increased by 2.0-25 units
and by 04505 units for PSR compared to that for the Non-Participation group of
PHRF and that for PSR, respectively. Also, we found o significant effect on the
score improvement of the Kihon-checklist in the both the estimation usinz samples
for HRF and using for all samples.

Keywords : Prevention of Frailty, Exercise Program aimed at Improvement of Physical
Capabhilities for the Potentially Frail Elderly Person, Propensity score
_matching (PSM), Survival Analysis, Difference in Differences estimation
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The effects of multidimensional exercise treatment on community-
dwelling elderly Japanese women with stress, urge, and mixed urinary
incontinence: A randomized controlled trial

Hunkyung Kim **, Hideyo Yoshida?, Takao Suzuki®

2Research Team for Promoting Independence of the Elderly, Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan
b National Institute for Longevity Sciences, Aichi, Japan

ARTICLE INFO ABSTRACT
Article history: Background: Urinary incontinence is one of the most prevalent health problems and a
Received 1 October 2010 significant cause of disability and dependence in the elderly. Pelvic floor exercise is effective
Received in revised form 16 December 2010 in reducing stress urinary incontinence, but few studies have investigated the effect of
Accepted 18 February 2011 behavioral management on urge and mixed incontinence.

Objectives: To determine the effects of multidimensional exercise treatment on reducing urine
Keywords: leakage in elderly Japanese women with stress, urge, and mixed urinary incontinence.
Cure Design: Randomized controlled, follow-up trial.
Elderly women . Settings: Urban community-based study.
Multidimensional exercise Participants: 127 community-dwelling women aged 70 and older with stress, urge, and mixed
Pel.v1c m.uSde exercises urinary incontinence were randomly assigned to the intervention (n = 63) or the control group
Urinary incontinence (n=64).

Methods: Urine leakage and fitness data were collected at baseline, and after the intervention
and follow-up. The intervention group received a multidimensional exercise treatment twice a
week for 3-month. After treatment, the participants were followed for 7-month.
Results: There were significant differences in changes of functional fitness and incontinence
variables between the intervention and control groups. The intervention group showed urine
leakage cure rates of 44.1% after treatment and 39.3% after follow-up (x? =21.96, p < 0.001);
whereas, the control group showed no significant improvement. The multidimensional
exercise treatment was significantly effective in decreasing all three types of urinary
incontinence. However, the effects of the exercise treatment were greater on stress urinary
incontinence than on urge or mixed urinary incontinence. At the 7-month follow-up, while
cure rates of all three types of urinary incontinence were significantly maintained, a slight
reversal was seen only in the urge and mixed urinary incontinence (x?=10.28, p = 0.008).
According to the logistic regression model, urine leakage volume (adjusted odds ratio
OR = 0.69, 95% confidence interval Cl = 0.39-0.98), compliance (OR = 1.03, 95%Cl = 1.01-1.16),
and BMI reduction (OR = 0.67, 95%Cl = 0.48-0.89) were significantly associated with the cure
of urine leakage after intervention. The cure rate of urine leakage after the follow-up was
significantly associated with compliance (OR=1.13, 95%ClI =1.02-1.29) and BMI reduction
(OR=0.78, 95%Cl = 0.60-0.96).
Conclusions: The intervention group showed higher urine leakage cure rates than control
group. This result suggests that multidimensional exercise strategies may be effective for all
three types of urinary incontinence. BMI reduction and compliance to the intervention was
the consistent predictor for the effectiveness of the exercise treatment.

© 2011 Elsevier Ltd. All rights reserved.

* Corresponding author at: Research Team for Promoting Independence of the Elderly, Tokyo Metropolitan Institute of Gerontology, 35-2 Sakaecho,
Itabashi-ku, Tokyo 173-0015, Japan. Tel.: +81 3 3964 3241x3060; fax: +81 3 3964 2316.
E-mail address: kimhk@tmig.or.jp (H. Kim).

0020-7489/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
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What is already known about the topic?

e Several factors such as overweightness, high body mass
index, and increased abdominal fat have been associated
with higher risk of urinary incontinence.

Behavioral management is effective in the treatment of
stress urinary incontinence and is therefore recom-
mended as a first-line therapy.

Compliance has a positive influence on the effects of the
exercise treatment.

What this paper adds

Multidimensional exercise treatment targeting pelvic
floor muscles and abdominal fat and/or BMI reduction
are equally effective in reducing stress, urge, and mixed
urinary incontinence after the intervention and follow-
up.

BMI reduction as well as compliance to the prescribed
exercise regimen was the most consistently significant
predictors of the short- and long-term effectiveness to
the behavioral therapy.

Multidimensional exercise treatment should be consid-
ered for the elderly as a strategy for reducing incon-
tinence and improving functional capacity.

1. Introduction

Urinary incontinence (UI) in elderly people is a common
condition that contributes greatly to the loss of indepen-
dence, decrease in quality of life, restriction of social
activities, and increase in risk for hospitalization or long-
term care. The estimated prevalence of Ul ranged from 17
to 55% depending on the definition of Ul, the population
characteristics, and the methodological approach (Thom,
1998). A number of methods are used to treat or deal with
Ul Pelvic floor muscle (PFM) exercise, devised by Kegel
(1948), is recommended as a first line of treatment in the
management of stress Ul and many investigators have
validated the short- and long-term effects on stress Ul
(Cammu and Van Nylen, 1995; Goode et al., 2003; Kim
et al.,, 2007). PFM exercise is hypothesized to enhance
urethral resistance by increasing the strength and endur-
ance of the periurethral and perivaginal muscles and by
improving the anatomic support given to the bladder neck
and proximal urethra (Kegel, 1951; Bo et al., 1999). One
previous study found that PFM exercise reduces urine
leakage in urge and mixed Ul because of inhibition of the
bladder reflex associated with PFM contraction; however,
this study had no control group (Nygaard et al., 1996).

Several studies have reported that obesity and high BMI
are associated with UI (Bump et al., 1992; Brown et al.,
1999). One study reported objective and subjective
resolution of stress and urge Ul after surgically inducing
weight loss in morbidly obese women (Bump et al., 1992).
These results suggest that weight reduction is desirable for
UI treatment (Subak et al., 2005; Auwad et al., 2008; Wing
et al, 2010). We hypothesized that fitness exercises
focused on strengthening the abdominal muscles would
reduce abdominal fat and/or BMI, and thereby reduce

abdominal wall pressure, intravesicular pressure, and the
risk of Ul in elderly women.

We conducted a randomized controlled trial to measure
the effects of a multidimensional exercise treatment (FPM
and fitness exercises) on urine leakage episodes in
community-dwelling elderly Japanese women with stress,
urge, and mixed Ul, and to identify the factors that
influence the effectiveness of the trial.

2. Methods
2.1. Subjects

The subjects in this study were randomly selected from
the Basic Resident Register of 5935 women aged 70 and
older that resided in the Itabashi ward (district) of Tokyo as
of April 1, 2006. Information about the study was mailed to
potential subjects. The baseline survey was conducted in
November 2006, and 957 (16.1%) women participated. Out
of the participants, 416 (43.5%) were experiencing some
urinary incontinence, and 194 (46.6%) were classified as
experiencing urine leakage more than once a week.

The inclusion criteria were: (1) suffering from urge,
stress, or mixed Ul; (2) being >70 years old; (3) having urine
leakage episodes more than once a week; and (4) complet-
ing a 1-week urinary diary. The exclusion criteria included
(1)anunclear Ul type; (2) having urine leakage episodes less
than once a week; (3) not completing the 1-week urinary
diary; (4) impaired cognition (a Mini-Mental State Exam-
ination score of <24) (Folstein et al., 1975; McDowell et al.,
1999) and (5) unstable cardiac conditions such as ventri-
cular dysrhythmias, pulmonary edema, or other musculos-
keletal conditions. Sixty seven (34.5%) of the potential
participants were excluded because they were classified
into one or more of the exclusion criteria. The study protocol
was approved by the Clinical Research Ethics Committee of
Tokyo Metropolitan Institute of Gerontology (TMIG). The
procedures were fully explained to all participants, and
written informed consent was obtained (Fig. 1).

2.2. Randomization

Randomization was performed after the baseline assess-
ment and completion of the 1-week urinary diary, and any
variable that identified personal information was not
included in the randomization process. The assigned
identification numbers of 127 participants (stress=37,
urge =47, and mixed =43) were divided into two groups
based on the computer-generated random numbers. One
group was randomly assigned to the intervention group
(n=63),and the other to the control group (n = 64). There was
no attempt to equalize the size of the groups based on their
characteristics or to recruit subjects with specific character-
istics. The randomization procedure was blinded, and the
investigators that evaluated the effects of the exercise
treatment were blind to the allocation of interventions.

2.3. Outcome measures

The primary outcome of this trial was the cure rate of
urine leakage episodes, which was assessed by the self-
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Randomly selected from the Basic Resident Register
Women aged=70 years =5,935

|

Baseline assessment,
Women aged=70 years
957/5,935 (16.1%)

'

Urinary incontinence
416/957 (43.5%)

Urine leakage:

l— one or two times a month=96

Participant selection:
Urine leakage=1/week
194/416 (46.6%)

several times a year=126

67/194 (34.5%) excluded:
unclear Ul type= 31

l—— failed to contact= 24

Randomization =127/194 (65.5%)
Stress incontinence=37
Urge incontinence=47
Mixed incontinence=43

impaired cognition= 5
unstable cardiac conditions= 7

Intervention Group= 63
{ Stress incontinence=19

Urge incontinence=22
Mixed incontinence=22

Control Group= 64
Stress incontinence=18
Urge incontinence=25
Mixed incontinence=21

2 withdrew:
hip fracture=1 —»>e

for 3-month

Exercise treatment

1 withdrew:
death=1

moving=1 :
A

61 included in analysis
in Mar 2007

2 withdrew:
knee pain=1 | _,
spouse care=1

A4

7-month follow up survey
in Oct 2007 (#»=59)
(Interview and fitness test)

v

63 included analysis
in Mar 2007

2 withdrew:
hospitalization=1
decreased
motivation=]

?

v

7-month follow up survey
in Oct 2007 (n=61)
(Interview and fitness test)

Fig. 1. Flow of the participants through the randomized controlled trial of exercise treatment and analyses.

reported urinary diary data (Wyman et al., 1988; Locher
et al., 2001). The effects of the exercise treatment on urine
leakage episodes were assessed based on the changes in
the 5-point scale (1 = no urine leakage, 2 = less than once a
week, 3 =once a week, 4 =two or three times a week, and
5 = everyday) recorded in the 1-week urinary diary, which
was obtained pretreatment, after the 3-month exercise
and 7-month follow-up. Complete cessation of urine
leakage episodes was defined as cured.

2.3.1. Interview survey and urinary diary

A face-to face interview was conducted to assess
temporary Ul conditions based on the modified Interna-
tional Consultation on Incontinence Questionnaire (ICIQ)
(Avery et al.,, 2004). The ICIQ was easily completed with
low levels of missing data (mean 1.6%), good construct
validity, and acceptable convergent validity. Reliability

was good with moderate to very good stability in test-
retest analysis and a Cronbach’s alpha of 0.95 (Avery et al.,
2004; Gotoh et al., 2009). The first question was “Have you
experienced urine leakage during the previous year?” If the
person responded that urine leakage episodes occurred
more than once a week, to confirm the pretreatment
frequency of urine leakage episodes, potential subjects
were provided with a 1-week urinary diary. The subjects
documented the time of every void and urine leakage
episode, as well as the amount and circumstance of each
episode. To confirm the changes of frequency, the urine
leakage scores were calculated based on the self-reported
1-week urinary diary as follows: O0=no urine leakage,
1 =1less than once a week, 2 = once a week, 3 = two or three
times a week, and 4 = every day.

Ul type was classified based on inquiries about urine
leakage in relation to 8 possible antecedents (Avery et al.,
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2004). Stress Ul was recorded when urine leakage was
associated with increased abdominal pressure such as
coughing, sneezing, or participating in some other physical
activity. Urge Ul was recorded when urine leakage was
reported to be associated with running water or an urge to
void and not being able to reach the toilet in time. When
the characteristics of both stress and urge Ul types were
present, it was defined as mixed UL

The subjects were asked about the onset age and
duration of Ul, frequency of daytime and nighttime
voiding, and chronic medical conditions.

2.3.2. Functional fitness test

Measurements of height and body weight were
converted to body mass index (BMI, kg/m?), waist
circumference, and fitness test variables including grip
strength, usual and maximum walking speed, and seated
hip adductor muscle strength. The procedures for the
fitness tests have been described in detail in a previous
report (Kim et al., 2007).

2.4. Intervention

2.4.1. Intervention group

The participants attended an exercise treatment session
2 times a week for 3-months at the TMIG health promotion
classes. The protocols of the PFM and fitness exercises have
been published previously (Kim et al., 2007). The following
exercises were performed by the participants.

2.4.2. Stretching exercise

Before the PFM exercise and muscle strengthening
training, the participants performed 5-10 min of warm-up
and stretching exercises, including shoulder rotation, waist
rotation, and others.

2.4.3. PFM exercises

The subjects were trained to exert force only on the PFM
without excessively straining the abdomen. The exercise
regimen was designed to strengthen the fast- and slow-
twitch muscle fibers located on the pelvic floor. The
participants were initially instructed to perform 10 fast
contractions (3 s) with a 5-s relaxation and 10 sustained
contractions (8-10s) with a 10-s relaxation between the
contractions. The PFM exercise was performed in the
sitting, lying, and standing positions with the legs apart,
while emphasizing contraction of the PFM and relaxation
of the other muscles.

2.4.4. Fitness exercises

Strength training of the thigh and abdominal muscles
was performed between the PFM exercises. The fitness
exercise included: lifting the foot (or both feet) and pointing
toes then slowly pulling toes back toward the shin, slowly
lifting one knee (or both knees), tilting the pelvis backward
and forward, lifting the buttocks while on the back with the
knees bent, raising one leg while lying on the back, and
others. The ball exercises included actions like sitting on the
ball, rolling the ball and the pelvis forward and backward,
and moving from side to side, squeezing the thighs, lifting
the ball with the legs, and others.

2.4.5. Control group

The control group received general education classes
once a month for three months, where participants were
educated on cognitive function, osteoporosis, and oral
hygiene.

2.5. Follow-up

During the 7-month follow-up period, the participants
attended 1-h exercise classes once a month at the TMIG
health promotion center. The home-based program con-
sisted of two to three sets of the 13 exercises and the PFM
exercises that they had learned during the group exercise
sessions. They were encouraged to perform the home-
based exercises at least three times per week for
approximately 30 min per day. To accurately monitor
the exercise times and the number of sets performed
during the follow-up period, a pamphlet illustrating the
PFM and strengthening exercises and a recording sheet
were distributed to the subjects. The subjects were asked
to document the time and sets of exercises performed at
home each day, the urine leakage episodes, and the
amount and circumstances of each episode. The record
sheets were collected once a month at the group exercise
class and analyzed to calculate the mean exercise
frequency per week and the mean exercise time per day.
When a participant was absent from an exercise class, we
mailed the record sheet to the individual.

2.6. Data analysis

The sample size was calculated to allow detection of a
20.0% reduction in urine leakage episodes between groups
with 80% power and a significance level of 0.05 (Burgio
et al., 2002).

The mean differences between groups were analyzed
using the ¢-test for continuous variables and the chi-square
test for categorical variables. To evaluate the differences
between the groups in the effects of the intervention on
selected continuous variables and urine leakage score at the
baseline, after the 3-month exercise, and at the 7-month
follow-up, a repeated-measures two-way analysis of
variance (ANOVA) was performed. Significant interactions
were analyzed to determine whether the effects were
greater in the intervention or control group. A repeated-
measures one-way ANOVA was also performed to evaluate
the within group. A post hoc analysis was performed using
the Scheffe method. The generalized estimating equation
was used to compare the effects between the groups after 3-
month exercise and at the 7-month follow-up on the cure
rate of UL The Kruskal-Wallis test was used to evaluate the
differences of UI type in the effect of the exercise treatment
on urine leakage episodes. The Cochran Q-test was used to
evaluate the within-group differences in the effect of the
exercise program on urine leakage episodes for baseline, 3-
month exercise, and follow-up data.

Multiple logistic regressions were performed to identify
variables that were associated with cured urine leakage
after 3-month of exercise and at the 7-month follow-up
after intervention. All analyses were performed using SPSS
software, Windows version 15.0 (SPSS, Inc., Tokyo, Japan).
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Table 1

Selected variables characteristics of participants at baseline by study group.

Variables? Intervention group (n=63) Control group (n=64) p Value®
Age (yr) 76.1£4.3 75.7+44 0.625
Height (cm) 148.4+5.8 148.94+6.2 0.639
Body weight (kg) 51.8+87 54.0+79 0.202
BMI (kg/m?) 234433 243+30 0.195
Waist circumference (cm) 789+102 785+99 0.853
Grip strength (kg) 19.2+46 18.6 £4.7 0.561
Adductor muscle strength (kg) 20.6+6.9 215+438 0.502
Usual walking speed (m/s) 12403 1.14+03 0.282
Maximal walking speed (m/s) 1.7+04 1.7+04 0.423
Onset age of incontinence (yr) 713476 71.0+7.1 0.865
Period of incontinence (year) 48+64 4.6+6.0 0.890
Frequency of toilet in daytime (times) 77431 74423 0.525
Frequency of toilet in night (times) 1.9+1.2 1.8+13 0.581
Frequence of urine leakage (%)

Everyday 46.0 50.0 0.714

1 every two days 11.1 7.8

More than once a week 42.9 422
Amount of urine leakage, large (%) 23.8 328 0.210
Chronic medical conditions, yes (%)

Hypertension 57.1 57.8 0.918

Hyperlipemia 365 40.6 0.712

Diabetes 17.5 15.6 0.780

@ Data are presented as M (mean) and SD (standard deviation) for continuous variables, and percentage for categorical variables. BMI = body mass index.
b Two group t-tests for continuous variables and chi-square test for categorical variables.

summarized in Table 1. Most of the baseline characteristics
were similar between the groups.

The attendance rate during the 3-month exercise
treatment ranged from 63.5% to 81.1%, with a mean of
70.3%. Seven participants (intervention group =4, control
group=3) were unable to complete the study after

3. Results
3.1. Subjects characteristics and compliance

The baseline demographic, fitness, and interview
variables of the participants in the two groups are

Table 2
Comparison of functional fitness and incontinence variables between intervention (n = 59) and control (n = 61) after 3-months of exercises and the 7-month
follow-up.

Variables® GP Baseline 3-month exercise 7-month follow-up ANOVAS G x T p Value

Body Weight (kg) 1 52.0+89 519488 509489 F=578 0.018
C 53.9+82 53.9+82 53.9+8.1

BMI (kg/m?) 1 23.7+34 23.5+3.0 23.2+3.1 F=1149 0.001
C 241+29 240427 244+34

WC (cm) 1 78.8+103 77.8+£9.7 77.7 £9.9 F=4.06 0.041
C 79.3+104 79.2+105 78.9+9.6

UWS (m/s) I 12402 1.2+02 12402 F=2.79 0.099
C 1.1+03 1.1+03 1.1+02

MWS(m/s) I 1.7+£04 1.8+04 1.8+04 F=5.10 0.027
C 1.7+04 1.6+03 1.6+£04

GS (kg) I 19.0+£4.7 207450 19.8 +£5.7 F=0.37 0.547
C 19.0£4.2 20.2+35 19.5+3.8

AMS (kg) 1 205+7.1 24177 243+79 F=11.00 0.001
C 2124438 221448 21.8+49

ULS (point) 1 50+1.0 3.0+2.0 3.6+22 F=764 0.007
C 51+1.0 44+16 48+16

Cure of urine leakage 1 0.0 441 393 21.96 <0.001
C 0.0 1.6 1.6 ’

Cure of urine leakage in Stress 0.0 63.2¢ 66.7° 15.77 <0.001

intervention group

Urge 0.0 35.0¢ 26.1° 7.49 0.032
Mixed 0.0 40.14 30.0° 9.56 0.016

2 Data are presented as mean and standard deviation.. WC=waist circumference; UWS = usual walking speed; MWS = maximum walking speed;
GS = Grip strength; AMS = adductor muscle strength; ULS = urine leakage score.

b G =group, I =intervention group, C = control group.

¢ ANOVA = analysis of variance, T=time. Chi-square and p values are from generalized estimating equation. Conhran'’s Q-value.

4 Kruskal-Wallis test: chi-square =1.99, p=0.391.

€ Kruskal-Wallis test: chi-square = 10.28, p = 0.008. (Scheffe’s post hoc = stress > urge, mixed urinary incontinence).
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randomization due to hip fracture (n=1), moving (n=1),
knee pain (n=1), spouse care (n=1), death (n=1),
hospitalization (n=1), and decreased motivation (n=1)
(Fig. 1). The exercise frequency during the 7-month follow-
up period was reported to be every day in 35.7% of the
subjects, two to three times a week in 42.9%, and once or
less per week in 21.4%. The mean exercise time was
29.3 min, and the mean number of contractions of the PFM
was 52 times a day during the 7-month follow-up period.

3.2. Functional fitness and urinary incontinence

The comparison of the effects of the treatment on
selected variables between the intervention and control
group are summarized in Table 2. A repeated measures
ANOVA and generalized estimating equation revealed
significant increases in adductor muscle strength
(F=11.00, p=0.001) and maximum walking speed
(F=5.10, p=0.027) after the 3-month exercise and at the
7-month follow-up in the intervention group compared
with the control group. Body weight (F=5.80, p=0.018),
BMI (F=11.49, p=0.001), waist circumference (F=4.06,
p=0.041), and the urine leakage score (F=7.64, p=0.007)
decreased significantly in the intervention group, whereas
no significant changes were seen in the control group. The
women who reported no urine leakage episodes in their 1-
week urinary diaries accounted for 44.1% of the intervention
group and 1.6% of the control group after the 3-month
exercise treatment, and 39.3% of the intervention group and
1.6% of the control group at the 7-month follow-up
(x?=21.96, p < 0.001). After the 3-month exercise, the cure
rates of urine leakage increased significantly across the
three subgroups of UL At the 7-month follow-up, although
slight decreases were observed in the cure rates of urine
leakage related to urge and mixed U], the cure rates of all
three subtypes; stress (Q-value=15.77, p < 0.001), urge (Q-
value=7.49, p=0.032), and mixed (Q-value=29.56,
p=0.016) Ul were significantly maintained. However, the
efficacy of the exercise treatment on stress Ul was greater
than the effects on urge or mixed Ul after 7-month follow-up
(x*=10.28, p=0.008; post hoc = stress > urge, mixed UI).

Before treatment, the urine leakage score was similar
between the groups (Fig. 2). However, the urine leakage
score significantly decreased after the 3-month exercise
treatment and at the 7-month follow-up in the interven-
tion group compared with the control group (F=7.22,
p=0.009) (A). The effect of the treatment across the
intervention period was assessed for each subgroup of Ul
(B). At baseline, the urine leakage scores were similar
across the three subgroups, although the mixed Ul
subgroup had a slightly higher score. A repeated measures
ANOVA also showed significant subgroup by time inter-
action (F=5.13, p=0.008). The stress subgroup showed a
significant decline in urine leakage score after the 3-month
exercise treatment and the 7-month follow-up (F=8.23,
p<0.001). The urge (F=3.46, p=0.034) and mixed
(F=4.10,p=0.019) subgroups each also showed significant
declines in urine leakage scores after the 3-month exercise,
although slight reverse patterns of increase were observed
at the 7-month follow-up, these changes were not
significant.
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Fig. 2. Changes in the mean urine leakage score on a 5-point scale based
on self-reported urinary diaries at the baseline, after 3-months exercise,
and at the 7-month follow-up. (A) (@) intervention group; (A) control
group. (*) A comparison of urine leakage scores between the intervention
and control groups (F=7.22, p=0.009. (1) A comparison of urine leakage
scores at the baseline (b), after 3-months exercise (p), and at the 7-month
follow-up (f) within group: intervention group (F=12.17, p <0.001;
Scheffe’s post hoc=b >p, f); control group (F=1.43, p=0.256). (B) (@)
Stress incontinence; (A ) urge incontinence; () mixed incontinence. (1)
A comparison of urine leakage scores among stress, urge, and mixed
urinary incontinence in the intervention group. # A comparison of urine
leakage scores at the baseline (b), after 3-months exercise (p), and at the
7-month follow-up (f) within group: stress incontinence (F=8.23,
p<0.001; Scheffe’s post hoc=b>p, f); urge incontinence (F=3.46,
p=0.021; Scheffe’s post hoc=b > p, f); mixed incontinence (F=4.10,
p=0.009; Scheffe’s post-hoc=b > p, f).

3.3. Predictor variables

As shown in Table 3, the amount of urine leakage
(OR=0.69, 95%CI = 0.39-0.98), compliance to the exercise
treatment (OR = 1.03, 95%CI = 1.01-1.16), and BMI reduc-
tion (OR=0.67, 95%Cl=0.48-0.89) were significantly
associated with being cured of urine leakage after the 3-
month exercise. The cure of urine leakage at the 7-month
follow-up was significantly associated with compliance
(OR=1.13, 95%Cl=1.02-1.29) and BMI reduction
(OR=0.78, 95%CI=0.60-0.96).

4. Discussion

While the ratio of participation by the random
population was very low, a baseline of 957 people is an
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Table 3

Adjusted OR for cure of urine leakage after intervention and the 7-month follow-up.

After 3-month exercise

After 7-month follow-up

Variable Adjusted OR? 95%Cl p Value Adjusted OR? 95%ClI p Value
Amount of urine leakage 0.69 0.39-0.98 0.049 0.78 0.26-1.88 0.600
Frequency of urine leakage 1.16 0.24-5.79 0.856 1.63 0.73-4.01 0.248
Compliance to exercise 1.03 1.01-1.16 0.048 1.13 1.02-1.29 0.031
Decreased of BMI 0.67 0.48-0.89 0.011 0.78 0.60-0.96 0.028
Increased of walking speed 0.97 0.91-1.04 0414 0.99 0.94-1.06 0.913
Period of urine leakage 1.01 091-1.13 0.919 1.01 091-1.14 0.913

2 Dependent variable; cure of urinary incontinence: 1=cured, 0= urine leakage. Independent variables: (a) Amount of urine leakage: large amount,
1=requiring change of undergarments or soaked outerwear, small amount, 0=wet undergarments. (b) Frequency of urine leakage: high frequency
1=every day, low frequency, O=1less than once every two days. (c) Compliance to exercise: full compliance, 1=more than 60.0% attendance, partial
compliance, 0 =less than 59.9% attendance. OR = odds ratio; Cl = confidence interval.

acceptable sample size for analysis of Ul in the community-
dwelling elderly. Analysis of the efficacy of a 3-month
exercise treatment for Ul, demonstrated that exercise
treatment was equally effective in reducing stress, urge,
and mixed Ul; although the cure rates of urine leakage
were maintained until the 7-month follow-up for all the
three types of Ul, the efficacy of the treatment was greater
for stress Ul than urge or mixed Ul in the intervention
group. However, the changes of Ul cure rate were not
significant in the control group. These results suggest that
improvements in primary outcomes may be observed in an
intervention group but such improvements may not be
expected in a control group.

PFM exercise is known to be an effective treatment for
stress Ul (Bo et al., 1990; McDowell et al., 1999; Kim et al,,
2007). However, a previous study reported that the mean
number of incontinent episodes per day decreased not only
stress but also urge and mixed U, so PFM exercises are
equally effective against all three urodynamic conditions,
and no urodynamic test is necessary before behavioral
treatment (Nygaard et al., 1996). Another study showed
that behavioral training achieved comparable improve-
ments in urge Ul (Burgio et al., 2002). These previous
studies had no control or follow-up data. Recently, one
study suggested that decrease in BMI and increase in
walking speed may contribute to the decline in stress Ul
episodes, but they did not examine urge or mixed UI (Kim
et al, 2007). In this study no significant relationship
between hand grip strength and cure of urinary incon-
tinence was shown. A significant relationship was seen
between adductor muscle strength, maximum walking
speed and cure of urinary incontinence.

After the 3-month intervention and 7-month follow-up,
Ul was defined as cured if no urine loss episodes were
present in the 1-week urinary diary. Our trial confirmed
that exercise treatment involving PFM training and fitness
exercises can achieve a 63.2% cure rate in stress U], a 35.0%
in urge Ul, and a 40.0% in mixed Ul within the intervention
group after 3-months of exercise. This exercise treatment
had immediate effects in women with Ul regardless of
their urodynamic diagnosis, and the effects are comparable
to those of the previous study. The efficacy of the exercise
treatment was greater for stress Ul than urge or mixed U],
and although the cure rates of urge and mixed UI showed
slight decreasing trends after the 7-month follow up, the
decreases were statistically not significant. Our data

suggests that exercise treatment is more effective for
stress Ul than urge or mixed Ul, and also raises the
possibility that for both urge and mixed Ul, a combined
behavioral and drug therapy (Burgio et al., 2000) may be
more effective than exercise treatment alone. However,
this study does not provide an explanation for the slight
reversal in the effectiveness of the treatment on urge and
mixed Ul after the follow up.

Many studies have indicated that BMI (Bump et al., 1992;
Brown et al, 1999; Richter et al., 2010) and waist
circumference (Krause et al., 2010) are a risk factor for Ul,
and decrease in BMI may contribute to the decline in stress
Ul episodes (Kim et al., 2007). Presumably, a decrease in BMI
causes a decrease in abdominal-wall weight, decreasing
intra-abdominal pressure and intra-vesicular pressure,
which may have led to the improvement of stress Ul In
this analysis, BMI reduction was significantly associated
with the total cure rates of urge, mixed as well as stress U],
but the data does not explore the mechanism of how
decreases in BMIimproves urge and mixed Ul Also, previous
studies have emphasized that compliance to exercise is the
key factor to long-term success (Lagro-Janssen, 1998;
McDowell et al., 1999). In this study, compliance to the
multidimensional exercise treatment was the most sig-
nificant and consistent predictor of efficacy post-interven-
tion and follow-up. Our findings also support the idea that
high compliance and BMI reduction have positive influences
on urge, mixed and stress Ul treatment. However, the
current results were obtained based on a small sample size.
The relationships need to be further researched in a
population study which would contain a larger number of
subjects and for a longer follow-up period.

This study has several limitations. First, the assess-
ments of Ul type and urine leakage episodes were self-
reported. This could have led to a reporting bias, as subjects
with Ul may have underreported their symptoms, but a
urinary diary is a reliable method for assessing episodes of
urine leakage (Wyman et al., 1988; Locher et al., 2001).
Thus, this study provided data that was reliable for
objective assessment of the behavioral treatment on
urinary incontinence. Second, PFM strength, which is
likely to have increased through the PFM exercises, was not
measured. Therefore, whether the cure rate of urine
leakage is correlated with the increase in PFM strength
or functional fitness, or the decrease in BMI or abdominal
fat could not be explored.
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The results suggest that a multidimensional exercise
intervention may be equally effective for treatment of
stress, urge, and mixed Ul BMI reduction as well as
compliance to the prescribed exercise regimen was a
significant and consistent predictor of the effectiveness of
the behavioral therapy. Thus, multidimensional exercise
treatments should be considered for elderly women as part
of a strategy for improving functional capacity and Ul
Health care for Ul patients should undertake a team
approach where physical therapists, doctors and nurses
work together. Nurses should not only objectively assess
the urinary diaries collected, they will play a very
important role for the prevention of Ul and maintenance
of cured Ul cases by instructing changes in daily lifestyle
among the elderly.
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ORIGINAL ARTICLE: EPIDEMIOLOGQGY,
CLINICAL PRACTICE AND HEALTH

Effects of exercise treatment with
or without heat and steam
generating sheet on urine loss
in community-dwelling
Japanese elderly women with
urinary incontinence

Hunkyung Kim,! Hideyo Yoshida! and Takao Suzuki?

'Research Team for Promoting Independence of the Elderly, Tokyo Metropolitan Institute of Gerontology,
Tokyo, and *National Institute for Longevity Sciences, Aichi, Japan

Aim: To determine the effects of exercise treatment with or without heat and steam
generating sheet (HSGS) on reducing urine loss in community-dwelling elderly women
with urinary incontinence (UI).

Methods: One hundred and forty-seven community-dwelling women aged 70 years and
older with stress, urge and mixed UI were randomly assigned to exercise + HSGS (n = 37),
exercise only (n=37), HSGS only (n=237) or an education group (n=36). Exercise +
HSGS, and exercise groups received exercise training twice a week for 3 months. When the
HSGS was placed on the lower back, the temperature of the skin surface rose to 38-40°C
and it continued to generate heat and steam for over 5 h. The HSGS group used one sheet
per day continuously for 3 months. Urine loss and fitness data were collected at baseline
and after intervention.

Results: The intervention groups showed significant improvements in muscle strength
and walking speed compared to the education group. Exercise and HSGS showed urine
loss cure rates of 54.1%, exercise 34.3% and HSGS 21.6% after treatment; whereas, the
education group (2.9%) showed no significant improvement (x?=21.89, P < 0.001). Com-
bining the HSGS to the exercise intervention showed a 61.5% cure rate for stress UI,
50.0% urge UI and 40.0% mixed UL

Conclusion: This data suggests that exercise treatment with HSGS is more effective for
treating urine loss regardless of UI type. The HSGS can be used as a supplementary
treatment method to enhance the effects of exercise on women with urge, mixed and stress
Ul Geriatr Gerontol Int 2011; 11: 452-459.

Keywords: elderly women, fitness exercise, heat and steam generating sheet, pelvic floor
muscle exercises, urinary incontinence.
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nocturia and poor mobility.'® Currently, a number of
methods are used to treat or deal with Ul including
medication, surgery and behavior management. Behav-
ioral therapy for Ul is not a new topic, and several
randomized control trials and systematic reviews have
confirmed that pelvic floor muscle (PFM) training is an
effective treatment for stress UL** Even though many
studies have validated the effectiveness of these behav-
ioral therapies, reporting improvement rates from
17-84%,* such previous studies have focused exclu-
sively on stress Ul, and investigations on the effects of
behavioral therapies on urge and mixed Ul have been
relatively limited.” Furthermore, several studies have
suggested that abdominal and lower back heating
may have positive effects on renal function such as
renal sympathetic nerve activity suppression, promo-
ton of bladder voiding and increasing frequency
of urination.®" Therefore, it can be speculated that
heating methods will positively affect renal function.
The purpose of the current study was to investigate
the effects of a 3-month exercise and/or heat and steam
generating sheet (HSGS) intervention aimed to treat
urine loss in community-dwelling women with UL

Methods

The study population was randomly selected from the
Basic Resident Register of 5935 women aged 70 years

and older that resided in the Itabashi ward of Tokyo as
of 1 April 2006. Information about the comprehensive
health check-up was mailed to selected subjects. The
recruitment survey was conducted in November 2006,
where 957 women participated in baseline testing and
416 of them reported experience of urine loss over
several times a year.

The inclusion criteria were: (i) suffering from urge,
stress or mixed UI; (ii) being 70 years or older; and (iii)
having urine loss episodes more than once a month.
The exclusion criteria included: (i) an unclear UI type;
(ii) having urine loss episodes less than once a month;
(ii) impaired mental health (@ Mini-Mental State
Examination score of <24);'"'? and (iv) unstable cardiac
conditions such as ventricular dysrhythmias, pulmo-
nary edema or other musculoskeletal conditions. One
hundred and twenty-six (30.3%) potential subjects
were excluded because they were classified into one or
more of the exclusion criteria. The study protocol was
approved by the Clinical Research Ethics Committee of
Tokyo Metropolitan Institute of Gerontology (TMIG).
The procedures were fully explained to all subjects and
written informed consent was obtained (Fig. 1).

Randomization

After the baseline assessment, 147 participants
(stress = 50, urge = 59 and mixed = 38) were randomly

Random selection of 5,935 elderly
women over 70 years old

)

Baseline assessment
957/5,935 (16.1%)
541/957 (56.5%) excluded
l_'——"—— No urinary incontinence
Urinary incontinence
416/957 (43.5%)

126/416 (30.3%) excluded

l—— Urine leakage episodes less

than once a month

Urine leakage episodes more than
once a month
290/416(69.7%)
I 143/290(49.3%) excluded
Refuse participation
Randomization
147/290(50.7%)
| ] ] ]
Exercise + heat and Exercise group Heat and steam General education
steam generating =37 generating group group
sheet group n=37 =136
(n=37)
3-month
L - . n
) 3-mont}1 intervention Ay J-mon '.h | 30 ‘{-]1: l!::;
Intervention |2 did not complete Intervention the study

Figure 1 Flow chart of participant I} the study ! !
recruitment through the randomized
controlled trial of exercise and/or heat Post-test Post-test Post-test Post-test
and steam generating sheet trial. =37 n=35 n=37 n=34
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assigned to the general education (n=36), HSGS
(n=237), exercise (n=237) or exercise + HSGS (n=37)
groups with an allocation ratio of 1:1 according to
computer-generated random numbers. There was no
attempt to equalize the size of the groups based on their
characteristics or to recruit subjects with specific char-
acteristics. The investigators were blind to the allocation
of interventions. :

Outcome measures

The primary outcome variable of this study was the cure
of urine loss episodes, which was assessed by inter-
view." Complete cessation of urine loss episodes was
defined as cured. The secondary outcomes were func-
tional fitness and changes in frequency of urine loss
episodes, which was assessed based on changes in a
S-point scale obtained in the interviews conducted pre-
treatment and after the 3-month intervention.

Interview survey

A face-to-face interview was conducted to assess
temporary UI conditions based on the modified Inter-
national Consultation on Incontinence Questionnaire
(ICIQ).* The first question was “Have you experienced
urine loss during the previous year?”. If the participant
responded “yes”, we then asked the frequency, volume
and circumstance of urine loss. The frequency of Ul was
assessed based on a S-point scale by interview (1, every
day; 2, once every 2 days; 3, once or twice per week;
4, once or more per month; S, several times per year).
Those whose response ranged 1-4 were classified as
potential subjects. The same S-point scale was pre-
sented to the participants after the 3-month interven-
tion. The changes in the S-point scale were converted to
the following 6-point scale in order to assess improve-
ments observed in urine loss frequency from baseline to
after the 3-month intervention: 0 for no urine loss, 1 for
several times per 3 months; 2 for one to three times per
month, 3 for one to two times per week, 4 for once every
2 days, and S for every day.

Urinary incontinence type was assessed based on
all answers to the following question: “When do you
experience urine loss? 1, before reaching the toilet; 2,
while coughing, sneezing or laughing; 3, while sleeping
at night; 4, while physically active or exercising; 5, upon
re-dressing after urinating; 6, for no apparent reason; 7,
all the time; 8, while working with water, touching water
or drinking cold water.”** Participants were classified as
having stress Ul when urine loss was associated with
increased abdominal pressure, as in responses 2 and/or
4. Participants were classified as having urge UI if they
responded with 1 and/or 8. When characteristics of both
stress and urge Ul types were present, it was defined as
mixed UL Urine loss volume was assessed based on the

answer to the question: “How much urine is leaked each
time? 1, wets or dampens undergarment; 2, requires a
change in undergarment; 3, soaks through to outer
clothing; 4, runs down the leg(s) and onto the floor.”
The subjects were asked about the onset age and
duration of UI, frequency of daytime and nighttime
voiding, and chronic medical conditions such as heart
disease, diabetes, hypertension and osteoporosis.

Functional fitness test

Measurements of height and body weight were con-
verted to body mass index (BMI, kg/m?), and fitness test
variables including grip strength, one-leg standing time
with eyes open, usual and maximum walking speed, and
seated adductor muscle strength were taken. The pro-
cedures for the fitness tests have been described in detail
in a previous report.’

Intervention

Exercise group

The exercise group participants attended an exercise
training session 2 times a week for 3 months at the
TMIG health promotion classes. The following exer-
cises were performed by the participants.

Stretching exercise

The participants performed 5-10 min of warm-up and
stretching exercises, including shoulder rotation, waist
rotation and others.

PFM exercises

The participants were informed that straining the
abdomen increases abdominal pressure and exerts pres-
sure on the PFM. The subjects were trained to exert
force only on the PFM without excessively straining
the abdomen. The exercise regimen was designed to
strengthen the fast- and slow-twitch muscle fibers
located on the pelvic floor. The participants were ini-
tially instructed to perform 10 fast contractions (3 s)
with a 5-s rest and 10 sustained contractions (8-10 s)
with a 10-s rest between the contractions. The PFM
exercise was performed in the sitting, lying and standing
positions with the legs apart, while emphasizing con-
traction of the PFM and relaxation of the other muscles.

Fitness exercises

Strength training of the thigh and abdominal muscles
were performed between the PFM exercises. The exer-
cises included chair exercises, weight-bearing exercises,
ball exercises, and others.
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HSGS group

The HSGS is a thin, flexible filmed sheet (120 mm x
204 mm; Kao, Tokyo, Japan), that generates heat and
steam immediately after unsealing. When the sheet is
placed on the body, the temperature of the skin surface
rises to 38-40°C and it continues to generate heat and
steam for over 5 h.* The participants gathered at TMIG
classes every 2 weeks, where HSGS were provided for
2 weeks and the urinary diaries were collected. The par-
ticipants in the HSGS group were asked to place the
HSGS on their lower back once a day immediately after
waking up. The participants recorded the time of day
that they placed and removed the sheet in their urinary

diary.

Exercise + HSGS group

The participants were instructed to perform a combina-
tion of the same intervention as the exercise group as
well as the HSGS group.

General education group

General education classes were held (topics including
cognitive function, osteoporosis and oral hygiene) once
a month, a total of three times.

Urinary diary

A urinary diary was distributed to the participants in the
exercise, HSGS and exercise + HSGS groups where they
recorded times of urination (number of times during the
day [waking up in the morning to sleeping at night] and
number of times during the night [sleeping at night to
waking up in the morning]), time of defecation, pres-
ence or absence of Ul, time of loss, volume of loss and
actions taken at the time of loss.!” The urinary diaries
were collected every 2 weeks and were monitored for
any changes in UI for 3 months.

Data analysis

Means and standard deviations were calculated for con-
tinuous variables, and a one-way ANOVA was performed
to measure significant differences in baseline values and
urine loss score post-treatment between the interven-
tion groups, and the y’-test was used for categorical
variables. Scheffé’s post-hoc method was performed
when significance was found. A repeated-measures
ANOVA (4 x 2) was performed to find differences in pre-
and post-intervention functional fitness and urine loss
score between groups, and paired student’s ¢-tests were
done on pre- and post-intervention measures to find
changes within groups. A Kruskal-Wallis test was used
to measure the difference in cure rates between the

intervention groups. All analyses were performed using
SPSS ver. 15.0 for Windows and P < 0.05 was consid-
ered statistically significant.

Results

Table 1 shows the baseline comparisons in anthropo-
metric values, physical fitness measures and interview
survey results among the exercise + HSGS, exercise,
HSGS and general education groups. There were no
significant differences between the groups in all vari-
ables including age, walking speed, adductor muscle
strength, duration and onset age of urine loss, fre-
quency of urine loss episodes, and chronic medical
conditions.

In comparing the pre- and post-intervention changes
in physical fitness between groups (Table 2), there was
a significant group x time interaction in adductor
muscle strength and usual walking speed, where the
exercise + HSGS group was significantly greater than
the other groups.

The within group analysis showed that grip strength
(P=0.001), one-leg standing time with eyes open
(P=0.033), adductor muscle strength (P < 0.001) and
usual walking speed (P=0.020) changed significantly
in the exercise + HSGS group; grip strength and adduc-
tor muscle strength significantly improved and BMI
decreased in the exercise group; and grip strength and
adductor muscle strength significantly improved in the
HSGS group (Table 2).

The cure rates of Ul after the 3-month intervention
were 51.4% in the exercise + HSGS group, 34.3% in the
exercise group, 21.6% in the HSGS group and 2.9%
in the general education group (x> =21.89, P < 0.001).
Analysis of stress Ul cure rates revealed 61.5% in the
exercise + HSGS group, 53.8% in the exercise group,
25.0% in the HSGS group and 9.1% in the general
education group (¢ = 8.94, P=0.030). Urge UI had a
50.0% cure rate in the exercise + HSGS group, 16.7%
in the exercise group, 13.3% in the HSGS group
and 0.0% in the general education group (x*=12.88,
P=0.005). No significant differences were observed in
mixed UI cure rates (Table 3).

In comparing the pre- and post-intervention urine
loss scores between the groups (Fig. 2), there was a
significant group x time interaction in stress and urge
Ul and the exercise + HSGS group showed a signifi-
cantly larger decrease in urine loss score compared with
the other three groups. At baseline, there were no sig-
nificant differences in urine loss scores (based on the
converted 6-point scale) between the stress, urge or
mixed Ul groups. However, there was a significant
improvement in stress and urge urine loss scores (urine
loss scores of participants who had stress and urge UI)
after the 3-month intervention. The stress urine loss
score post-intervention was significantly lower in the
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Table 1 Selected variable characteristics at baseline by study group

Variable Ex+HSGS (n = 37) Ex (n=37) HSGS (n=37) GE (n = 36) P-valuet
M+SD M=zxSD M+SD M<+SD
Age (years) 75.7+4.6 76.7+3.6 75.8+4.4 75.8+3.6 0.688
Height (cm) 148.4+4.9 149.0 £ 6.1 148.3+5.4 149.8+5.8 0.638
Weight (kg) 50.3+8.2 53.5+8.0 54.8+9.1 S52.4+7.1 0.113
GS (kg) 18.3+4.0 19.9+4.9 19.1+£3.7 18.2+5.0 0.368
UWS (m/s) 1.2+0.3 1.2£0.3 1.1+£0.2 1.2+0.3 0.774
MWS (m/s) 1.7+£04 1.8+0.4 1.7+0.3 1.7+ 04 0.820
AMS (kg) 20.3+6.1 21.6+5.4 20.9+4.9 22.0+4.3 0.598
OLS (s) 30.5 £22.5 35.6+25.3 29.2+22.6 41.1+22.6 0.121
DUS (years) 3.5+5.6 5.2%8.5 40+£5.8 5.9+8.3 0.376
OAUS (years) 72.1+6.7 71.4+6.9 71.8+74 69.9+£9.3 0.608
FSUL (points) 42+1.3 44+1.2 45+1.2 41%1.3 0.436
FTDT (times) 7.6%2.9 72+2.8 6.9+2.5 7.3+1.9 0.729
FTNT (times) 1.5+£0.9 1.9+1.3 1.7+1.2 1.6+1.1 0.440
Frequency of urine loss episodes (%)
Daily 29.7 29.7 37.8 30.6 0.493
1 every 2 days S.4 8.1 2.7 5.6
1-2 per week 21.6 32.4 37.8 19.4
1-3 per month 43.2 29.7 21.6 44.4
Chronic medical conditions (yes, %)
Heart disease 11.8 29.4 26.5 32.4 0.131
Diabetes 26.3 21.1 15.8 36.8 0.465
Hypertension 194 29.2 29.2 22.2 0.659
Osteoporosis 20.6 17.6 23.5 38.2 0.177

GS, grip strength; UWS, usual walking speed; MWS, maximum walking speed; AMS, adductor muscle strength; OLS, one-leg
standing time with eyes open; DUS, duration of urine loss; OAUS, onset age of urine loss; FSUL, frequency score of urine
loss; FTDT, frequency of toilet in the daytime; FTNT, frequency of toilet in the night time; Ex, exercise group; HSGS, heat
and steam generating sheet group; GE, general education group; M, mean; SD, standard deviation. *One way ANOVA for

continuous variables and y-test for categorical variables.

exercise + HSGS group compared with the HSGS and
general education groups; and the urge urine loss score
was significantly lower in the exercise + HSGS group
compared with the general education group.

Discussion

This study demonstrated that although the 3-month
exercise or HSGS interventions alone were effective in
improving functional fitness and reducing urine loss,
the combination of exercise and HSGS was more
effective not only in the treatment of UI, but also in the
improvement of functional fitness in urban community-
dwelling elderly women with stress, urge and mixed UL
It can be suggested that adding HSGS to exercise thera-
pies (PFM exercises as well as muscle strength training)
may increase the likelihood of curing UL

Exercise therapies aimed to treat UI, especially PFM
exercises, have been used as an effective treatment for
stress UI since Kegel’s first validation of an 84% cure
rate,' which has since been broadened to 17%-84% by
Bo et al.,” Burns et @l and Cammau et al.’

It has also been reported in recent investigations that
PFM exercises and muscle strength training targeting
abdominal fat reduction can increase cure rates of stress
Ul as well. Many studies have focused only on the
treatment of stress UL%'5%2 However, one study dem-
onstrated that 44.8% of community-dwelling Japanese
elderly women are categorized into stress Ul, 34.8% are
urge Ul and 20.4% are mixed UI, which means urge
and mixed UI account for more than half of the UI
cases in Japanese elderly women.?? Even though people
with urge and mixed Ul experience greater frequency
and volume of incontinence episodes, efforts focusing
on treatment of urge and stress Ul are currently very
limited.

Many recent studies have indicated that heating
different parts of the body can cause changes in the
autonomic nervous system. It has been reported that
mild heat stimulation to the lower back and abdominal
region suppresses the sympathetic nervous system and
accelerates the parasympathetic nervous system while
increasing blood flow to the muscles.®1%162 [t has also
been proposed that muscular hypertrophy due to an
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Table2 Comparison of selected variable between groups after the 3-month interventions

Variable G Baseline 3-month ANOVA P-value
intervention (time x group)

BMI (kg/m?) Ex+ HSGS 22.8+3.3 22,9+3.1 F (3,129) 0.211
Ex 240+3.3 23.1+2.8# =1.526
HSGS 248+3.6 24.6+34
GE 232127 23.2+27

Grip strength (kg) Ex + HSGS 18.4+£4.2 19.8 £4.3# F (3,110) 0.629
Ex 19.6 £4.9 20.9 £ 4.7# =0.581
HSGS 19.2+3.5 20.3 £ 3.0#
GE 17.5+4.9 18.1+4.2

One-leg standing time (s) Ex + HSGS 31.6+£22.2 37.5 £ 24.4# F (3,124) 0.155
Ex 32.7+25.8 35.7 £24.7 =1.779
HSGS 29.9+22.9 26.3 +24.5
Co 39.9+22.4 41.0+21.4

Adductor muscle strength (kg) Ex+ HSGS 20.3+£6.3 247 +6.1# F (3,115) 0.002
Ex 21.1+£6.3 249 £ 8.1# =5.108
HSGS 20.6 +4.9 22.7 + 5.4#
GE 21447 22.5+5.5

Usual walking speed (m/s) Ex + HSGS 1.2+£0.3 1.4+£0.2# F (3,129) 0.030
Ex 1.2+£0.3 1.3+0.2 =4.798
HSGS 1.1+0.2 1.2+0.3
GE 1.2+0.3 1.2£0.2

Maximum walking speed (tn/s) Ex + HSGS 1.7+£04 1.8£0.3 F (3,114) 0.051
Ex 1.7104 1.8£04 =2.661
HSGS 1.6+0.3 1.7+04
GE 1.7x04 1.7£04

#Paired Student’s t-test of the baseline and 3-month intervention within-group difference, P < 0.05. G, group; Ex, exercise
group; HSGS, heat and steam generating sheet group; GE, general education group. :

Table3 Cure rate of urinary incontinence according to urinary incontinence (UI) type and intervention group

Type of Ul Ex+HSGS (n=37) Ex (n = 35) HSGS (n=37) GE (n=34) x? value P-valuet
Stress UL 61.5 (8) 53.8 (7) 25.0 (3) 9.1 (1) 8.94 0.030
Urge Ul 50.0 (7) 16.7 (2) 13.3 (2) 0.0 (0) 12.88 0.005
Mixed UL 40.0 4) 30.0 (3) 30.0 (3) 0.0 0 3.02 0.389
Total cure rate 51.4 (19) 34.3 (12) 21.6 (8) 2.9 (1) 21.89 <0.001

*Kruskal-Wallis test. UI, urinary incontinence; Ex, exercise group;

education group.

increase in skeletal muscle protein content from
thermal loading may occur.

In this study, we demonstrated the efficacy of the
exercjse + HSGS intervention across UI types. As a
result, it can be suggested that therapies combining
HSGS with exercise can increase the cure rate of UI,
regardless of Ul type. The fact that exercise is an
effective treatment for stress Ul has been discussed
extensively. The mechanism explaining the increased
effectiveness in treating UI by placing a HSGS on the
lower back needs further discussion, but heating the
lower back does seem to have physiological effects on

HSGS, heat and steam generating sheet group; GE, general

the nervous and muscular systems. In this study, we
confirmed the synergistic effect of UI treatment, regard-
less of UI type, by adding a sheet that heats the lower
back to a frequently used behavioral therapy for UL The
use of the HSGS may slightly increase the cost of treat-
ment. However, thermal therapy with the HSGS is cost-
efficient because it is inexpensive and accessible for use.

Therefore, the HSGS method can be an effective
supplementary UI treatment method. This study has
several limitations. First, changes in urine loss were
assessed based on subjective self-reported data, and
they were not confirmed by objective and clinical
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Figure 2 Changes in the mean urine loss score on the
6-point scale based on interview response at baseline and
after 3-month intervention. (®) Exercise + heat and steam
generating sheet group; () exercise group; (A) heat and
steamn generating sheet group; (@) general education group.
*Comparison of urine loss scores between groups at baseline
and after 3-month intervention (time x group). TComparison
of urine loss scores between groups at baseline. #A
comparison of urine loss scores between groups after
3-month intervention. Ex, exercise group; GE, general
education group; HSGS, heat and steam generating sheet

group.

methods. However, previous studies have reported the
validity of self-reported information in older adults.
The use of data collected from interviews has little influ-
ence on the interpretation of the result of this study.
Second, as indicated that measurement of PFM strength
was difficult, hip adductor muscle strength was used
to assess physical fitness instead of measuring PFM
strength directly. Hence, whether the cure of Ul was
due to an increase in PFM strength, a decrease in
abdominal fat, or an increase in muscle strength or
walking ability could not be determined. Third, the
mechanism of the physiological changes that occurred
with placement of a HSGS on the lower back could not

be explained. Further investigation is necessary on a
large population for more accurate results.
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