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METHODS
Study Population

The subjects in this comprehensive geriatric health exam-
ination survey were women randomly selected from the
Basic Resident Register of 15,773 people aged 70 and older
residing in Itabashi ward of Metropolitan Tokyo as of Oc-
tober 1, 2002. A letter outlining the study-and describing its
objective, and the way that the personal data would be used
was mailed to the people selected, inviting them to partic-
ipate in the study.

The recruitment survey was conducted in December
2002, and 1,016 people agreed to be screened. Seven hun-
dred sixty-six (75.4%) of them were excluded, because they
had never experienced urine leakage or because urine leak-
age was occurring less than once per month. In addition,
101 of those eligible did not proceed any further, because
they were categorized as having urge or mixed inconti-
nence. One hundred forty-nine who reported experiencing
urine leakage one or more times per month and urine leak-
age associated with physical exertion (sneezing, 22.0%;
coughing, 15.6%; lifting something heavy, 7.3%; standing
up, 7.3%; laughing, 3.7%; running, 1.8%; climbing up and
down stairs, 1.9%; standing for a long time, 2.8%; and
other physical activity, 37.6%) were screened. A pamphlet

containing information on “Ul Improvement Exercises
Classes” was mailed to 149 potential participants with stress
UL A response was obtained from 94 individuals; 70 agreed
to join the exercise classes and 24 refused to participate.

Randomization and Crossover Design

The participants were divided into two groups based on the
frequency of urine leakage and functional fitness measure-
ments. After categorization into two groups using comput-
er-generated random numbers, the two groups data were
analyzed for any significant difference with respect to fre-
quency of baseline urine leakage, age, abductor muscle
strength, and walking speed. If a significant difference was
detected, the randomization process was repeated by gen-
erating new random numbers. The process was repeated
until there was no significant difference between the two
groups. Thereafter, one group was assigned to the
intervention (n = 35) and the other group as the control
(n= 35) (Figure 1).

The control group was provided with the same exer-
cises immediately after the 3-month intervention as a cross-
over design.!® The authors were aware that this design
would make it impossible to collect 1-year follow-up data
from the control group, but because the institutional review
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intervention was completed.
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board and ethics committee of the Tokyo Metropolitan
Institute of Gerontology approved the study under the
condition that the participants should not be disadvan-
taged, the crossover design was adopted.

Outcome Measures

Outcome measures were evaluated according to interview
and a functional fitness test at baseline, after the 3-month
intervention, and at 1-year follow-up.

Interview Survey

A face-to-face interview was performed to assess UL The first
question was, “Have you experienced urine leakage during
the previous year?” If the person responded yes, the frequency
of the leakage was asked about and scores of urine leakage
were calculated based on response by interview as follows: 0
for no urine leakage, 1 for less than once a month, 2 for one to
three times per month, 3 for one to two times per week, 4 for
once every 2 days, and 5 for every day. The scale was based on
the International Consultation on Incontinence Question-
naire (ICIQ),' modified to capture the status of urine leakage
in elderly community-dwelling Japanese. A person whose
response ranged from 2 to 5 was defined as having UL 13

UI type was classified based on inguires about urine
leakage in relation to 12 possible antecedents. Stress Ul was
recorded when interviewees reported urine leakage associ-
ated with increased abdominal pressure such as coughing,
sneezing, laughing, lifting something heavy, standing up,
running, climbing up or down stairs, standing for a long
time, or participating in some other physical activity. Urge
UI 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 characteristics
of stress and urge Ul types were present, it was determined
to be mixed UL’

Subjects were asked about the onset and duration of UI,
volume of urine leaked, frequency of daytime and nighttime
voiding, and the psychological and functional effect of UL

A 3-day diary has been reported to have high validity
and reliability.1617 In the present study, data were collected
in a 3-day diary to cross-check the validity of the results of
the frequency of urine leakage episodes retrieved during the
interview.

The primary outcome variable of this study was the
frequency of urine leakage episodes (not volume) assessed

using the 6-point scale used for the data retrieved during -

interview. The effect of the intervention on urine leakage
episodes was assessed based on shifts of the data from the
6-point scale from the interview, which was conducted at
baseline, completion of the intervention, and 1-year follow-
up; it was assessed as cured when urine leakage episodes
disappeared, improved when the frequency of urine leakage
episodes decreased, unchanged when there was no change
in frequency was present, and worsened when the frequency
increased.

Functional Fitness Test

Measurements of height and body weight were converted
into body mass index (BMI, kg/m?). Grip strength was
assessed using a handheld Smedley-type dynamometer in
the dominant hand. To test walking speed, subjects were
asked to walk on a flat, straight, 11-m-long walkway one

time at their usual speed and two times at their maximum
speed. Walking speed was measured over a 5-m distance
between the marks indicating the 3- and 8-m distance,
starting from the beginning of the walkway. For maximum
walking speed, the faster time recorded was used. Hip ad-
ductor muscle strength was measured twice in each of two
positions using a handheld dynamometer (pTasMF-01,
ANIMA, Japan): first, with the subject seated and the height
of the chair adjusted such that the knees were ata 90° angle
and, second, with the subject lying down, the knees were
extended. In both positions, the knees were placed hip-
width apart, the sensor of the measuring device was placed
on the medial side of the knee, the subject was instructed to
squeeze the knees together, the maximum contraction
strength was measured, and the higher value was used.

Intervention

The intervention consisted of 60-minute exercise sessions
held at the Tokyo Metropolitan Institute of Geron-
tology Health Promotion Classes two times per week for
12 weeks. During the intervention period, the exercises
were performed as a group. During the follow-up period,
the home-based exercise was performed individually. Con-
trol subjects were instructed to lead a normal life and to
refrain from special exercises aiming to increase muscle
strength (not only PFM) or walking speed, to decrease BMI,
or to improve their dietary habits. The exercises are de-
scribed here.

Warm-Up and Stretching Exercise

Before the PFM exercise and muscle strengthen training,
participants performed 10 to 15 minutes of warm-up and
stretching exercises, including shoulder rotation, waist ro-
tation, and others.

PFM Exercises

At the beginning of the PFM training, the subjects were
taught the structure of the PFMs and asked to pay attention
to become conscious of these muscles. They were taught
that straining the abdomen would increase abdominal pres-
sure and exert pressure on the PFMs. Subjects were trained
to exert force only on the PFMs without excessively strain-
ing the abdomen. The exercise regimen was designed to
strengthen the fast- and slow-twitch muscle fibers located at
the pelvic floor. Participants were initially instructed to
perform 10 fast contractions (3 seconds) and 10 sustained
contractions (6-8 seconds) with 10-second relaxation
periods between the contractions. The PFM exercise was
performed in sitting, lying, and standing positions with
the legs apart, emphasizing contraction of the PFMs and
relaxation of the other muscles.

Fitness Exercises

Body awareness, -breathing, relaxation, and strength train-
ing of the thigh, abdominal, and back muscles were per-
formed between PFM exercise positions, with additional
training including bending the knees, tilting the pelvis
backward and forward, lifting the buttocks on the back
with the knees bent, raising one leg while lying on the back,
and others. Other exercises included the use of two kinds of
training balls: 2 small one (21 cm in diameter) and a large
one (45-55-cm diameter). The exercises included sitting on
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the ball, rolling the ball and the pelvis forward and back-
ward, moving from side to side while squeezing the thighs,
and others.

Second-Stage Intervention

After the intervention group completed the first stage of the
exercise training, the control group was also given the same
3-month exercise.

Follow-Up

During the 1-year follow-up period, subjects attended group
exercise classes once per month in addition to receiving a
home-based exercise program. The home-based program
consisted of two to three sets of the 13 exercises and the
PFM exercise that they had learned during the group exer-
cise session. They were advised to perform the home-based
exercises at least two times per week for approximately 30
minutes per day. To accurately monitor the exercise times
and the number of sets during the follow-up périod, a pam-
phlet illustrating the PFM and strengthening exercises and &
recording sheet were distributed to the subjects, who were
instructed to record the time and sets of exercises performed
at home every day, along with the presence or absence of
urine leakage. 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. An experienced physical therapist prescribed
and managed the home-based exercise program.

Data Analysis

The mean differences between the intervention and the
control groups were analyzed using the #-test for continuous
variables and the chi-square test for categorical variables.
For continuous variables, the paired t-test was used to
compare pre- and postintervention data within the group.
To evaluate the differences between the groups in the effect
of the intervention on functional fitness, repeated-measures
two-way analysis of variance (ANOVA) was performed on
selected outcome variables. Significant interactions were
analyzed to determine whether the effects were greater
in the intervention or control group. The Mann-Whitney
U-test was used to compare the effect between the groups of
the 3-month exercise on cure rate of urine leakage. To eval-
uate the differences between the groups in frequency score
of urine leakage at baseline, after the exercise program, and
at the 1-year follow-up, repeated-measures two-way
ANOVA was performed. Repeated-measures one-way
ANOVA was performed to evaluate the within-group effect
of the intervention on frequency score of urine leakage at a
baseline, after the 3-month exercise program, and at 1-year

follow-up. Effectiveness of the intervention was assessed by -

comparing the frequency of the urine leakage episodes ob-
tained from the 6-point scale based on interview. The
Cochran Q-test was used to evaluate the within-group
differences in the effect of the exercise program on urine
leakage episodes for preintervention, postintervention,

and follow-up data. For variables showing significant differ-

ences, a post hoc analysis was performed using the McNemar
method. The percentage improvement in functional fitness
when the intervention ended was calculated using the fol-
lowing formula: % improvement = ((postintervention value—

baseline value)/baseline value x 100). Percentage improve-
ment was divided into tertiles. The power of this study was
calculated at 80% to demonstrate the difference in the out-
come variable of at least 20% at a significance level of
a = 0.05. Ali analyses were performed using SPSS software,
Windows version 13.0 (SPSS, Inc., Tokyo, Japan).

RESULTS

Participant Characteristics at Baseline

As a result of randomization, the intervention (n = 35) and
control (n=35) groups were similar in mean age, BMI,
walking speed, chronic medical conditions, duration of urine
leakage, and frequency of urine leakage episodes (Table 1).

Table 1. Selected Variables Characteristic of Participants
at Baseline by Study Group

Intervention Control
Group Group P-

Variable* (n =35) (n=35) Value™*

AgE mean 2 spz 4 TR B0 766 ¥ 38 g%
Height, cm, mean + SD 146.3 £ 54 1477 £53 .30
BOdY Weight, kg, mean £ SB"7 . ©0 - 517,494 545£97 1 130
Body mass index, kg/m? mean £ SD  241+43 24737 55
Grip strength, Ko, mean £80- " . . 177X 43 182445 65

Adductor muscle strength Nm, mean + SD

1 Seated”. .48.8% 14.5 499 £:11.8. 67, ..
Supine 42.0 + 14.3 401 £ 10.2 .47
Ustial,walking speed,‘m/s, mean'£ SD . 1.1+ 0.3 :, £.1.£ 0.2+ 86%:

Maximum walking speed, m/s, mean + SD 1.6 + 04 1 7104 .97
Chrohic medical conditions’ % Sl st vl e 2
Hypenensmn 56.3 50. 0
Sstroke. o L s e 5 YR58 BT
Dlabetes mellitus 12.5
iR Y S 1.9 188 e ,
Hyperhpemla 34.4 438

Ofiset Egé of riiz 16aKage, méah' £'SEM '71.2° 1.8 68.1 424730 .

Duration of urine leakage, year, 70+14 92421 4
mean + SEM

i & 857297 B3 EA
Ffequency of toilet in the nighttime, tlmes. 2:2‘ﬂ: 1.5

'..‘._3.,4’3:_‘1!3. .-

Frequency of ur|ne Ieakage eplsodes %

Danly ) 314 20.0 40
1 every 2 days 5.8 1.4
“i-2perweek a 257 17.2

1-3 per month 371 51.4
Avo:d goi _ng_‘out because of worry about 40.6 . 333 . 56
urine leakage, % o
Restricted sports activity because of urine 31.3 22.2 44
leakage, %

Restri 3.3 . . 185....26.
6 3ee =Y . - .‘4.“ . B

SD = standard deviation; SEM = standard error of the mean.
*Two group t-test for continuous variables and chi-square test for categorical
variables.
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Participant Attendance

Attendance rate during the intervention period ranged from
71.9% to 93.8%, with a mean of 82.4%. Intervention
group participants who participated in 15 or more of the 24
exercise sessions were considered to have completed the
intervention. Ten subjects (28.6%) attended all 24 sessions.
Of the 33 subjects who completed the intervention, 23
(69.7%) participated in more than 20 exercise sessions. Five
participants (intervention group =2, control group = 3)
were not able to complete the study after randomization
because of hospitalization (n=1), asthma (n=1), knee
pain {n=1), or a fracture (n = 2). Exercise frequency dur-
ing the follow-up period was reported to be every day in
30.3% of the subjects, two to three times per week in
45.5%, and once or less per week in 24.2%. Mean exercise
duration was 24.5 minutes, and the mean number of
contractions of the PFMs was 48 times per day during the
follow-up period.

Functional Fitness and Urinary Incontinence According to
Group

Significant (P <.05) increases in adductor muscle strength
and maximum walking speed after the 3-month interven-
tion were observed in the intervention group. Body weight,
BMI, and frequency score of urine leakage episodes de-
creased significantly in the intervention group, with no sig-
nificant changes in the control group. Moreover, 54.5% of
the intervention group and 9.4% of the control group re-
ported being cured (P <.001) in terms of urine leakage ep-
isodes based on an interview after the 3-month exercise
program (Table 2).

Frequency Score and Cure Rate of Urine Leakage in Full
Group

The data from this study suggest that the 3-day diary un-
derestimated the frequency of mild urine leakage and hence
tended to overestimate the effect of intervention. For this
reason, the 3-day diary data were not used; instead, whether
the immediate intervention group and the crossover inter-
vention group responded similarly, the changes in the
frequency score of urine leakage based on the 6-point scale
according to the interview was used. As shown in Figure 2,
both groups showed similar patterns of changes, with no
significant differences between the two groups (P =.31).
Within-group scores were compared, and significant
changes were observed in the immediate intervention group
(F=10.805, P <.001) and the crossover intervention group
(F=4.565, P=.01), with the frequency score of urine
leakage decreasing significantly after the intervention.

The cure rates of urine leakage based on the 6-point
scale of the interview of the immediate intervention group,
the crossover intervention group, and the full group are
shown in Table 3. The cure rate in the full group was 50.8%
after the 3-month exercise program and 30.8% at the 1-
year follow-up survey, showing significant improvement.

Correlation Between Ul and Functional Fitness

Table 4 shows the distribution of the cured subjects ac-
cording to tertiles of changes from baseline values of BMI,
maximum walking speed, and adductor muscle strength.
Within the group that was cured of Ul a significantly higher
proportion had a decreased BMI at 3 months (P =.03) and
increased walking speed at 3 and 12 months (P =.04 and

Table 2. Comparison of Functional Fitness and Incontinence Variables Between the Intervention (n = 33) and Control

(n = 32) Groups After the 3-Month Exercise Program

3-Month Analysis of Variance
Variable Group Baseline Exercise (Group x Time)
BOdy Welgit, K, migan ' 8D > " 1 AR (- R e

LV REE)SAY

1.1+£03
Maximum,walking speed, m/s; mean +:8D,.. .11y ie. o2 o it 8 A O i LRE 0 i R163) AT
C 1703 16 +0.3
Grip.strengthi;. Ka, mean 8D . Toxy e 2N AR s 2o T5 b 4354 1825 A0t rT o s R B E 0% e
C 185 + 4.8 189 + 4.8
Adductor muscle sirength, Nm, mean + SD ’
Seated 1 486 + 14.4 59.4 + 14.7* A1, 63)=13.4 .001
AT c . 5024120 - - 515131 o
Supine | 423 + 146 492 + 17.3* A1, 63)=10.8 .002
mrr . o AT A0 AT +1is . R
Frequency score of urine leakage, point, mean + SD | 34413 15+ 1.8* A1,63)=6.0 - .02
R - NS ¢ 30+ 14 24414 Z=23.863" " <.001
Cured of urine leakage, % _ I 54.5
VT WL IURA R S TP C. gz R ;.

SD = standard deviation; I = intervention group; C = control group.

* Paired t-test of the baseline and 3-month exercise within-group difference, P <.05.

T Mann-Whitney U-test.
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The effectiveness of the behavioral treatment of Ul in
older women has been reported to be a 61% reduction in
older rural women?'? and a 73.9% reduction in homebound

*ANOVA older adults.?® These previous reports had an intervention
3 {GroupxTime) that targeted only the PFM, without including any addi-
F(1.63)=1.075

P=0.305

Frequency Score of Urine Leakage (point)
t

0 T T T v v

Baseline 3-Month Exercise 1-Year Follow-Up

Figure 2. Changes in mean score of urine leakage from a 6-point
scale based on interview at baseline, after the 3-month exercise
program, and at 1-year follow-up. e: immediate intervention
group; A: crossover intervention group. *Comparison of urine
leakage scores between immediate and crossover intervention
groups. 'Comparison of within-group urine leakage scores
at baseline (B), after the 3-month exercise program (P), and at
1-year follow-up (F): immediate intervention group (F = 10.808,
P <.001; Scheffe post hoc =B>P, F); crossover intervention
group (F=4.565, P=.01; Scheffe post hoc=B>P).
ANOVA = analysis of variance.

P =.047) than those with increased or unchanged BMI and
decreased or unchanged walking speed. There was no
difference at either time point in proportion of cured sub-
jects with improved adductor muscle strength.

DISCUSSION

This randomized, controlled trial demonstrated the efficacy
of a multidimensional exercise in reducing urine leakage
episodes and in improving functional fitness. To confirm the
effects of the exercise in elderly people more accurately, the
crossover subjects were provided with the same exercise for
3 months after the first-stage intervention was completed.
The reduction in urine leakage episodes in the crossover
intervention group was siiilar to that of the immediate
intervention group. These results confirmed the effective-
ness of the exercises in emphasizing the PFMs and fitness
exercises to improve UL

tional functional exercises. The current study offered not
only PFM training, but also functional exercises to improve
stress UL. The relationship between changes in muscle
strength, walking speed, and BMI and reduction in urine
leakage episodes based on a 6-point scale by interview was
analyzed in detail.

The theoretical rational of the strength training and
PFM exercise has been described in detail elsewhere.?2% In
this study, we included the PFM exercise along with exercise
items that can strengthen the adductor muscles. Although it
was not possible to measure PFM strength, we anticipated
that strengthening the adductor muscles (presumed to re-
flect the PFMs) would contribute to reducing leakage ep-
isodes. Although adductor muscie strength increased
significantly (Table 2), the data do not support a positive
correlation between strengthening of the adductor muscles
and improvement in Ul as shown in Table 4. Moreover,
grip strength, which assesses muscle strength of the upper
extremities, was not significantly different between the two
groups, and no improvement was observed. No relationship
was found between grip strength and improvement in UL

The relationship between walking speed and urine
leakage episodes was analyzed. As shown in Table 4, there
was a significant cure rate in subjects with increased walk-
ing speed. These results indicate that increase in walking
speed contributes to the cure of urine leakage episodes. The
data suggest the possibility that an increase of 10.0% or
more in walking speed may lead to improvement in Ul
although this study does not provide an explanation of the
mechanism of how increased walking speed improves
the UL

Many studies have indicated that BMI is a risk factor
for UL2122 As shown in Table 4, the cure rate for urine
leakage episodes was significantly higher in those whose
BMI decreased. The data suggest the possibility that a de-
crease in BMI of 5.0% or more may lead to treatment of UL

Several studies have made a long-term observation of
the effect of PFM exercises.®1%23 As the previous studies
indicated, although the follow-up period ranged from 1 to
15 years in various studies,®? all previous studies except
one’ concluded that the postintervention effect was main-
tained during the follow-up period, thus confirming the
long-term efficacy of PFM exercises. In the present study,
the 1-year follow-up survey showed that 30.8% of the full

Table 3. Cured of Urine Leakage After 3-Month Exercise Program and at 1-Year Follow-Up in Immediate, Crossover

Intervention, and Full Groups

Baseline 3-Month Exercise 1-Year Follow-Up
McNemar Post
Group n (%) Cochran (¢-Value P-value Hoc Analysis
Immediate intervention. ~.0(0.0) .. 18(54.5) . L, 11(33.3) 203160 - . <.001 PF>B = . .
Crossover intervention 0 (0.0) 15 (46.9) g (28.1) 10.167 .006 P>B-
Fulkgroip=. ..=7% =7 0{00) - . - 33(60.8) 120(30.8): et b 50242 e i 2 00T PSFR B

B = baseline; P = after 3-month exercise program; F = after 1-year follow-up.

-
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Table 4. Cured of Urine Leakage Accordmg to Body
Mass Index (BMI), Maximum Walking Speed, and
Adductor Muscle Strength Tertiles

Cured of McNemar

Urine Post

Variable Changes Leakage, Cochran P- Hoc
Compared with Baseline  n (%) Q-Value Value Analysis

3TTOTIT EXBIEIge (e 33
BMI

AR

Decreased;

No change 6 (18 2)
HDECreasEy’ (4825
1-Year Follow-up .(n = 20)
CBME g o Sl e
Decreased 10 (50.0) 3.700 16
+ * No! change 3(15.0) - -
Increased 7 (35.0)
. Maximiim walking speed S .
Increased 10 (50. 0) 6.100 .047 In> De
- .No change- . 8 (40.0) ER
Decreased 2 (10.0)
 Addiictor. muscle strength S
Increased 9 (45.0) 3.100 21
%..No change .. - 8(40.0) -~ .
Decreased 3(15.0)

* Decreased (De) means lower range (0.0-33.3%), no change (No) means
medium range (33.4-66.6%), and increased (In) means upper range (66.7-
100%) of tertile.

group was cured, maintenance of the improvement effect
similar to that of the previous studies.

Several studies have suggested various factors influenc-
ing the effect of exercises during the follow-up period. One
study?3 emphasized that compliance with PFM exercises is
critical to maintaining a long-term effect. In this study,
75.8% of the participants performed PFM and fitness ex-
ercises regularly, twice per week or more, during the 1-year
follow-up period. The high adherence during the follow-up
period may partially explain the high cure rate.

The relationship between the changes in BMI, walking
speed, and adductor muscle strength and cure of the urine
leakage episodes after the 1-year follow-up was analyzed
(Table 4). These data suggest that lower BMI and greater
adductor muscle strength contribute to improvement in UL
Although the latter was not statistically significant, more
research is required. However, 50.0% of the cure rate was
observed in the group that increased its maximum walking
speed, and the data demonstrate that the increase in walk-
ing speed during thé 1-year follow-up contributed signifi-
cantly to maintaining the cured urine leakage episodes.

This study has several limitations. First, information on
urine leakage was self-reported based on interview. Several
studies support the validity and reliability of information on
Ul reported by elderly people.?* To be more exact and to
confirm the information obtained by interview, that infor-
mation was compared with information obtained from the
3-day diaries.!$25 The 3-day diary accurately assessed the
frequency of people with severe urine leakage episodes at a
frequency of at least once a day or every 2 days (agreement
of 91.7% between the diary and interview), but for people
with mild urine leakage at a frequency of once or twice per
week or once or twice per month (who were included in the
study population), urine leakage episodes may not be suc-
cessfully recorded in the 3-day diary (agreement of 67.4%
between the diary and interview). For this reason, the
results of the 3-day diary were not reported. Therefore,
whenever a study population includes people with mild
urine leakage, a 3-day diary alone may not be sufficient, and
an additional diary reflecting the duration of urine leakage
frequency of all subjects may be needed. Second, 1-year
follow-up information was not available for the control
group, because the crossover design was used to avoid dis-
advantaging the control group; the control group was pro-
vided with the same 3-month exercises immediately after
the first-stage intervention was completed. Third, PFM
strength, which is likely to have improved through the PFM
exercises, was not measured. Therefore, whether inconti-
nence improvement was correlated with improvement in
PFM strength could not be explored.

These results indicate that a multidimensional exercise
targeting PFMs, walkmg speed, muscle strength, and BMI
was effective in improving functional fitness and treatment
of stress Ul in elderly community-dwelling Japanese wom-
en. The effects of improvement in urine leakage and func-
tional ability were maintained 1 year after the intervention.
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Effects of a 3-month Fall Risk Reduction Exercise Program
for Determined Care Level of Assistance Required Under the
Japanese Long-Term Care Insurance System

Hunkyung KIM, Hideyo YOSHIDA and Takao SUZUKI

Abstract

We evaluated the effects of a 3-month exercise program in reducing risk factors of falls in determined
care level of assistance required under the long-term care insurance program. A pamphlet containing
information on “Fall Prevention Exercise Classes” was mailed to 185 potential participants with assistance
required. Thirty five agreed to join the exercise classes. For a 12-week intervention period, participants
received exercise program twice a week focused on improving muscle strength, balance, and walking
ability. Outcome measures included physical fitness, Tokyo Metropolitan Institute of Gerontology (TMIG)
index score, and fear of falling. The research protocol was approved by the institutional review board of
TMIG, and informed consent was obtained from each participant. Of participants, 65% perceived that they
were able to walk stably, and 60.0% were confident that they were able to prevent falling by themselves.
The maximum walking speed increased significantly from 1.14+0.46 ni/s at baseline to 1.39+0.47 m/s
after intervention (improved 21.4%, P<0.001), and knee extension power increased from 17.67%6.01 kg at
baseline to 23.57 +8.49 kg after 3-month exercise program (increased 33.4%, P<0.001). The percentage of
fear of falling was significantly decreased from 90.5% before intervention to 61.9% after 3-month exercise
(P=0.031). These results suggest that exercise program targeting modifiable muscle strength, balance, and
walking ability is a safe and effective intervention to reduce the risk factors of falls, and fear of falling in
frail elderly.

Keywords : assistance required, falls, fear of falling, intervention
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LETTERS TO THE EDITOR

DIFFERENTIAL MINI-MENTAL STATE
EXAMINATION PROFILES OF OLDER PEOPLE WITH
DIABETES MELLITUS WITH EARLY ALZHEIMER’S
DISEASE

To the Editor: The link between diabetes mellitus (DM) and
dementia has recently attracted considerable attention.! In
routine care, mild cognitive decline remains undetected and
untreated in a considerable proportion of patients, resulting
in several difficulties when treating diabetic elderly. Because
diabetes. mellitus may increase the risk for Alzheimer’s
disease (AD), screening and early diagnosis of AD is of
great importance.?>

Type 2 diabetes mellitus in elderly subjects can cause
cognitive impairment, and memory and mental processing
speed are the cognitive domains most often compromised.*
When AD occurs silently in patients with DM, cognitive
impairment from diabetes mellitus may conceal the early
symptoms of AD. Thus, a brief cognitive measurement is
needed to identify the transitional state between aging and
early AD in elderly people with DM. The Mini-Mental State
Examination (MMSE), comprising a series of items to
measure orientation, memory, attention, and language, is a
convenient and reliable tool to evaluate cognitive ability.
In this study, a preliminary cross-sectional analysis was
conducted to characterize the profiles of MMSE items in
patients with DM with early AD.

One hundred forty-six subjects aged 65 and older being

treated at Kobe University Hospital and consisting of four
groups (41 subjects without DM or AD (control), 52 sub-

jects with DM but not AD (DMs), 23 subjects with DM and
AD (DM-ADs), and 30 subjects with AD but not DM (ADs)
were recruited. The four groups of subjects had means and
standard deviations that were similar for age (75.4 + 6.8,
744 +6.9,754+6.8,73.4% 5.5, respectively) and edu-
cation (11.5+3.0,10.2 +2.7,10.5+2.9,and 11.2 2.4
years, respectively). Subjects suffering from alcohol abuse
and with neurological deficits due to a previous stroke were
excluded. DM was diagnosed based on information on
clinical charts.® The control group members did not have
DM and were assessed as having normal cognition based on
a neurological evaluation. All participants were evaluated
using a standardized, reliable assessment of dementia.” AD
was clinically diagnosed as probable AD according to the
clinical criteria of National Institute of Neurological and
Communicative Disorders and Stroke—Alzheimer’s Dis-
ease and Related Disorders Association.® Early AD was
defined as a MMSE score of 24 or-greater. The diagnosis of
every patient was reassessed at a 1-year follow-up. The data
were analyzed using Stat-View version 5.0 (SAS Institute,
Inc., Cary, NC). Analysis of variance was used for all be-
tween-group comparisons, and significance was set at .05.

Total MMSE score was significantly higher for the
control group than the other three groups, and DMs had
higher MMSE scores than DM-ADs and ADs (Table 1).
Temporal orientation was significantly more impaired in
DM-ADs and ADs than in controls and DMs. Scores on
Serial 7, which examines attention and calculation, were
lower for DMs and DM-ADs than for controls and were
lower for DM-ADs than for ADs. Although registration

Table 1. Comparison of Mini-Mental State Examination (MMSE) Standard Scores and Individual Item Scores

Subjects without Subijects with Subjects without

Control AD with DM DM with AD DM with AD
Characteristic Mean + Standard Deviation
MMSE 273+ 1.8 26.4 +1.92 24.7 4+ 0.8¢ 25.5 + 1,504
Temporal orientation 48+ 05 48+05 4.2 4+ 1.0% 4.2 +1.0%9
Spatial orientation 49+03 48+05 4.7+ 0.6 47 +05
Registration 3.0+02 3.0+ 01 3.0+ 0.0 3.0+0.0
Attention/calculation 42+1.2 3.3+ 1.7" 2.8 + 1.3% 37+14
Recall 1.8 £0.9 1.8+0.9 1.1 £ 0.9k 1.0 £ 0.80¢
Naming 2.0+ 0.0 2.0+0.1 20+0.0 20+0.0
Repetition 0.9+£0.3 0.9+0.3 0.9+0.3 1.0£02
Three-stage command 3.0+0.2 3.0+02 3.0+ 0.0 3.0+0.2
Read and obey 1.0+ 0.1 1.0+ 0.0 1.0+ 0.0 1.0+ 0.0
Writing 1.0+ 0.2 0.9+0.3 1.0+£0.2 1.0+ 0.2
Copy drawing 1.0 £0.2 0.9+0.2 1.0+ 02 1.0£0.2
AD index 28.3+ 3.4 28.6 £ 3.3 24.4 + 4.0°° 237 £4.55¢

Note: The Alzheimer’s dxseasc (AD) index was calculated with the formula ({temporal onentauan+rccall)/(total MMSE - Serial 7’s) x 100 (%).
P—valuc vs *control = .02, "control <.001, “subjects wu:bout AD with diabetes mellitus type 2 (DM)<.001, sub]ccts thhout AD with DM = .002, “control = .003,

fsubjects withour AD with DM = .02, &control = .001, Pcontrol = .006, ‘patients withont DM with AD = .03,

lcontrol =.007, sub]ccts without AD with DM = .002.
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was comparable in all groups, recall was significantly more
impaired in DM-ADs and ADs than in controls and DMs.
There were no differences in the results for naming, repe-
tition, three-stage command, reading, writing, and copy
drawing. For psychometric screening of early AD, an AD
index was constructed that represents the ratio of temporal
orientation and recall to total MMSE score not including
Serial 7s. As expected, this index was much lower for DM-
ADs and ADs than for controls and DMs, with a significant
difference between DMs and DM-ADs. When a cutoff
value of 26.3 was adopted for the AD index, screening for
DM-ADs showed a sensitivity of 82.6% and a specificity of
71.2% for all subjects with DM.

These results imply that DMs overall had more cogni-
tive impairment than controls. The MMSE subset analysis
identified impaired attention and calculation as a specific
characteristic of DMs, whereas patients with AD had lower
scores in temporal orientation and recall.® To the authors’
knowledge, no studies have shown an explicitly lower Serial
7 s scores for subjects with DM. A combination of features
of cognitive decline due to DM and early AD seemed to
characterize DM-ADs.

The MMSE was originally designed as a bedside
screening instrument for dementia, with information for
individual items apparently useful for differentiation be-
tween dementing conditions.” However, for a comparison
of cognitive dysfunction in DMs and DM-ADs, a narrower
range of the MMSE standard score is necessary to differ-
entiate mental status between the two. In spite of this com-
plication, this AD index could be used to assess potential
early AD with reasonable sensitivity and specificity. Future
prospective studies should be conducted to clarify whether
this AD index can serve to identify patients with DM who
are at risk of AD.
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ASSOCIATION BETWEEN VITAMIN B, AND WHITE
MATTER HYPERINTENSITIES IN PATIENTS WITH
ALZHEIMER'’S DISEASE NOT MEDIATED BY
HOMOCYSTEINE METABOLISM

To the Editor: In an earlier study,! we described in patients
with Alzheimer’s disease (AD) an inverse relationship be-
tween plasma vitamin Bg levels and number of white matter
hyperintensities (WMHs), as seen using magnetic resonance
imaging (MRI). We suggested the involvement of homo-
cysteine (Hcy) metabolism, because high levels of Hcy are
considered to be a risk factor for WMH.? Hcy is partially
metabolized through the transsulfuration pathway, in
which Hcy condenses with serine to cystathionine, in a
vitamin Bg-dependent reaction. Thus, Hey could form the
link between B¢ levels and degree of WMH. Hey is also
converted into methionine by the transmethylation path-
way, which requires folate and vitamin Bqs.

In the present study, plasma samples of patients with
AD visiting the memory clinic during 2003 to 2006 were
collected to investigate whether Hcy metabolism (Hcy,
vitamin By,, folate, and vitamin Bg) is associated with the
occurrence of WMH in AD.

Seventy-six patients with probable AD from the VU
University Medical Center memory clinic with complete
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Different effects of monocarboxylates on neuronal survival
and B-amyloid toxicity

XiaoNan Wang, Toshihiro Takata, Takashi Sakurai and Koichi Yokono
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Abstract

Glucose is a principal metabolic fuel in the central nervous system, but, when glucose is unavailable, the brain can utilize alternative
metabolic substrates such as monocarboxylates to sustain brain functions. This study examined whether the replacement of glucose
with monocarboxylates (particularly pyruvate and lactate) had an equivalent effect of glucose on neuronal survival in rat hippocampal
organotypic slice cultures, or ameliorate the neurotoxicity induced by amyloid B-peptide (AB). The possible mechanism was also
explored. We found that pyruvate and lactate alone increased cell death in the hippocampal slice cultures at 24 and 48 h.
Supplementation of glucose-containing culture media and AB-treated culture media with pyruvate, but not lactate, attenuated cell
death as strong as with trolox, known as a reactive oxygen species scavenger, and niacinamide, an NAD* precursor, and this
protective effect was reversed by a-cyano-4-hydroxycinnamic acid. Pyruvate significantly increased the aconitase activity and the
NAD? levels in the hippocampal slices in the presence of AB, but did not maintain the ATP levels. Our results indicate that pyruvate
and lactate alone cannot replace glucose as an alternative energy source to preserve the neuronal viability in the hippocampal slice
cultures. Pyruvate, in the presence of glucose, improves neuronal survival in the hippocampal slice cultures and also protects

neurons against Ap-induced cell death in which mitochondrial NAD(P) redox status may play a central role.

Introduction

Alzheimer’s disease (AD) is a progressive senile dementia character-
ized by accumulation of neurofibrilly tangles and senile plaques in the
brain. The deposition of B-amyloid protein (Ap), the primary protein
constituent of senile plaques, has been proposed to play a crucial role
in the development of AD. AP is a 4-kDa peptide of 39—42 residues
that has multi-neurotoxic effects leading to the dysfunction and death
of neurons (Yanagisawa, 2000). The molecular mechanisms of AP
inducing neuronal death are still controversial. Some reports suggest
that the mechanism of AB-induced neurotoxicity results from Af-
induced oxidative stress in culture (Mark ez al., 1996) or indirectly
through intracellular production of reactive oxygen species (ROS)
(Behl et al, 1994; Schubert et al, 1995) and the AP-induced
neurotoxicity can be protected by antioxidants (Pereira et al., 1999).
MCTs have gained interest as a neuroprotective agent. Lactate can
be utilized as an energy substrate instead of glucose in the immature
brain (Wada et al., 1997), or as a sole energy substrate that can support
synaptic' function in the hippocampal slice (Schurr et al, 1988),
although its role in the synaptic activity in the adult brain is still
debatable (Roberts, 1993; Takata et al., 2001, 2004). Pyruvate has
been reported to have a protective effect on newrons against the
neurotoxicity of hydrogen peroxide in vitro (Desagher et al., 1997),
and also prevents oxidant-induced apoptosis in endothelial cells (Lee
et al., 2003), inhibits zinc toxicity in retinal cells (Yoo et al., 2004) and
protects neurons against AP-induced neuronal death in primary
neuronal cultures (Alvarez et al., 2003). By contrast, the role of
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pyruvate as an alterative to glucose in the maintenance of synaptic
activity is still controversial (Kanatani et al., 1995). Therefore, even
the current mumerous findings do not fully elucidate the role of MCTs
on brain function.

In the present study, we have investigated whether MCTs can
support neuronal viability instead of glucose and whether MCTs have
a protective effect against AP-induced neuronal cell death in
hippocampal slice cultures. Slice cultures may provide an ideal in vitro
system to study the relationship between neuronal survival and
substrate availability as they can offer the good conditions where glial
and neuronal coupling is minimally disrupted during the experimental
procedure. We also examined the different effects of two MCTs,
lactate and pyruvate, on neuronal survival, and the potential protective
effects of these MCTs against Af toxicity. In addition, we measured
the effect of MCTs on aconitase activity, which has been shown to be a
sensitive target of ROS (Liang et al., 2000; Tretter & Adam-Vizi,
2000). These two MCTs are known to be the ATP source for
hippocampal slices instead of glucose (Kanatani et al., 1995; Takata &
Okada, 1995). Another important cascade by which pyruvate can
demonstrate a protective effect against cell injury is the preservation of
NAD" levels (Sheline et al., 2000). To investigate the possible role of
pyruvate for an NAD™ provider, we determined both the ATP and the
NAD" levels of culture slices.

Materials and methods
Preparation of organotypic hippocampal slices

Organotypic hippocamal slices were prepared fiom the septal half
of the hippocampus as described (Stoppini et al., 1991). Nine- to
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