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1. Introduction

ABSTRACT

Background: The number of elderly hemodialysis (HD) patients is increasing in Japan, and the psycho-
social impact of HD to the elderly remains unclear. The main purpose of this study was to evaluate quality
of life (QOL) of elderly patients undergoing regular HD.

Methods: We examined the psychosocial status in elderly HD patients and compared it with that in
healthy elderly individuals. The correlations between each item of QOL, laboratory data and comorbid-
ities were explored. This study cohort consisted of 142 people (70 healthy elderly participants and 72
elderly HD patients). We assessed 10 items of QOL, i.e., health condition, appetite, sleep, mood, memory,
family relationship, friendship, economical status, satisfaction in daily life, and happiness by visual
analog scale (VAS).

Results: Overall, elderly HD patients had lower scores of VAS than healthy elderly participants, especially
in sleep, mood, and happiness, but not in family relationship and friend ship. Lower VAS scares for sleep
were significantly correlated with the duration of HD therapy and the troubles in vascular access for HD.
VAS scores for family relationship were also correlated with the duration of HD therapy.

Conclusion: The QOL of elderly HD patients was poorer than that in healthy elderly individuals, partic-
ularly in sleep, mood and happiness. Further study is needed to improve the QOL of elderly HD patients.
This is of great importance, since the number of elderly HD patients is estimated to escalate in the future,
Copyright © 2011, Asia Pacific League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan

LLC. All rights reserved.

started dialysis was also increased from 63.8 years in 2000 to 67.3
years in 2009,

With the advance of dialysis technology, the number of elderly
dialysis patients is increasing in Japan. According to the statistical
survey by the Japanese Society for Dialysis Therapy, the mean age of
the whole dialysis population was increased from 61.2 years at the
end of 2000 to 65.8 years in 2009. The mean age of patients who

* Corresponding author. Department of Nephrology, Kyoto University Hospital,
54 Kawahara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan.
E-mail address: h-kanamori@live,jp (H. Kanamori).
% present address: Department of Nephrology, Fukuchiyama City Hospital, 231
Atsunaka-cho, Fukuchiyama, Kyoto 620-8505, Japan.

At the end of 2000 and 2009, there were about 200,000 and
290,000 dialysis patients in Japan, respectively. It is considered that
these dialysis patients might live with more mental stress,
including anxiety for comorbidities, conflicts with their family and
social restrictions, than healthy individuals. It has been reported
that quality of life (QOL), mental health and physical health in
hemodialysis (HD) patients were poorer than those in the general
population.” Depression, a key factor of QOL items to evaluate
patients with end-stage renal disease,” was an important predictor
of patients' prognosis,” Therefore, more attention should be paid to
QOL, psychological problems and medical conditions of dialysis

2210-8335/$ — see front matter Copyright © 2011, Asia Pacific League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan LLC. All rights reserved.

doi:10.1016/j.jcgg.2011.11.001
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patients. With regards to QOL, assessment of HD patients’ self-
evaluation for psychosocial status (subjective QOL) was of great
importance. Although some reports studying psychosocial QOL of
HD patients have been done, little was known regarding the QOL of
elderly HD patients.

Many studies examining the QOL of HD patients were per-
formed using Kidney Disease Quality of Life (KDQOL) or Short Form
36 (SF-36) for questionnaires; however, these questionnaires are
time-consuming for the elderly. Generally speaking, Japanese
people, especially the elderly, are not used to selecting a single
answer and have some difficulties responding to such questions.
Accordingly, a visual analog scale (VAS) was a better instrument to
complete questionnaires in a short period of time, and a few studies
examined QOL by VAS. The main aim of this study was to evaluate
the psychosocial QOL of elderly HD patients and to compare it with
that of healthy elderly participants using a VAS,

2. Methods

The study was performed in 2000 at Taigenkai Hospital and
Kita-Eijinkai Hospital, located in Bisai and Amagasaki cities of
Japan, respectively, Among HD patients followed in the dialysis unit
at these two hospitals as outpatients, 231 were given question-
naires. Patients aged > 65 years old were defined as “elderly”, and
those aged < 65 years old were defined as “non-elderly”. Based on
this definition, our HD patients consisted of 83 elderly and 148 non-
elderly patients. The control group was composed of 70 healthy
elderly people in nearby welfare facilities (places where people
spend their time for their health promotion and leisure). These
healthy controls were defined as community-dwelling elderly. The
study was approved by each constituted Ethics Committee of the
institutions where the work was undertaken and conforms to the
provisions of the Declaration of Helsinki. We obtained each
participant’s informed consent for the study. Participants were
given a brief explanation of the questionnaire by the medical
technician or by the attending physician and were asked to
complete the questionnaire. Assistance was given for participants
who were illiterate or had poor eyesight. '

QOL assessment was performed by VAS. VAS is frequently used
as a subjective scale of pain in the field of anesthesiology. The VAS

questionnaire ended with a summing-up graph in the form of
a 100 mm bar, graded with the subjectively worst condition on the
left and the best on the right (Fig. 1). Patients were examined at the
beginning of their first HD session of the week. Healthy elderly
participants were examined during their regular meeting in the
welfare facilities. Each participant was asked to mark, on the
100 mm bar, how his condition was, We defined the distance (mm)
from the left to the marked position as the score of VAS (0-100),
with high scores indicating a high QOL> We assessed 10 items of
QOL: (1) health condition; (2) appetite; (3) sleep; (4) mood; (5)
memory; (6) family relationship; (7) friendship; (8) economical
status; (9) satisfaction in daily life; and (10) happiness, as described
by Matsubayashi et al® (Fig. 1). The VAS (10 items of QOL) has been
validated for use in the Japanese populationf In elderly HD
patients, demographic data including age, sex, and duration of HD
therapy, laboratory data [which includes cardio-thoracic ratio
(CTR), plasma level of blood urea nitrogen (BUN), hemoglobin (Hb)
and albumin (Alb)], and comorbidities [which includes blood access
trouble, ischemic heart disease (IHD), diabetes mellitus (DM),
infectious diseases, bone fracture and cerebrovascular disease
(CVD)] were simultaneously collected.

Data were analyzed using JMP v. 6.0.0 (SAS Institute Inc,, Cary,
NC, USA). With regards to characteristics, the means were analyzed
using the t-test (age) and frequencies were analyzed using the Chi-
square for independence test (sex). Medians of QOL scores were
calculated and analyzed using the Mann-Whitney U test. In elderly
HD patients, the correlation between scores of QOL and laboratory
data/personal histories was analyzed using multivariate regression
analysis. Statistical significance was considered to be p < 0.05.

3. Results

Demographic characteristics are shown in Table 1, All of the 83
elderly patients were given questionnaires, and answers from 72
elderly patients (86.7%) were used for the analysis for completeness
of questionnaire, By contrast, all the answers obtained from 70
healthy elderly participants (100%) were used for comparison.

The mean age of the elderly HD patients (71.8 years 5.6 years)
was approximately 2 years less than that of the healthy eldetly
participants (74.0 years £ 6.7 years) (p=0.0317); however, there

We would like to ask you some questions about your general daily life. On your
present situation, mark a line segment with a cross “ X “ as showed below.

(case) About mood

0
|

100
|

f
(very depressed)

i
&)
(1) On which point is your health condition?
(2) How about your appetite?

(3) How is your sleep in the night?
(4) How is your daily mood?

2N 1

(very good mood)

©

(5) To what extent can you memorize something at present?
(6) Do you get along well with your mete, your family members, your sons or daughters, and

your grandchildren?

(7) Are you satisfied with the relationships with your friends and relatives?

(8) Is your income enough now?

(9) Are you satisfied with your existing daily life?
(10) Taking every factor into consideration, what extent of happiness do you have?

Fig. 1. Questionnaire form for the study. We used this form translated into Japanese.
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Table 1 ‘
Characteristics, laboratory data and comorbidities in HD patients

Elderly patients

n=172)
Age (y), mean£SD 71.8+5.6
Sex (M/F) (% male) 42(30 (58.3%)
Duration of hemodialysis (y), mean #SD 6.9+5.0
Chronic glomerulonephritis, n (%) 38 (24.5%)
Cardio-thoracic ratio (mmHg), mean £SD 50.2 +4.8
Blood urea nitrogen (mmol/L), mean = SD 26.0£6.5
Hemoglobin (g/L), mean & SD 87.8+14.4
Albumin (g/dL), mean + SD 38.5+5.66
Blood access trouble 58.5%
Ischemic heart disease 28.6%
Diabetes mellitus 53.1%
Infectious diseases 18.4%
Bone fracture 17.1%
Cerebrovascular disease 13.3%

Data are expressed as means = SD or incidence of each disease (%).

was no difference in gender between the groups (58.3% males in
the elderly HD patients vs. 55.7% males in the healthy elderly
participants, p=0.753). VAS scores were significantly lower in the
elderly HD patients than those in the healthy elderly participants in
sleep (53.0 vs. 80.5, p<0.0001), mood (62.0 vs, 82.0, p <0.0001),
and happiness (71.0 vs. 855, p<0.0001), indicating impaired
general QOL in the elderly HD patients, but not family relationships
and friendship (Table 2).

In the elderly HD patients, there was a significant correlation
between family relationships and gender (standard B=0.583,
p=0.0161), duration of HD (standard B = -0.528, p=0.0237) or
CTR (standard B=-0471, p=0.0364), between friendship and
gender (standard B=0.598, p=0.0150) or CTR (standard
B =-0.631, p=0.0089), between sleep and duration of HD (stan-
dard B =-0.450, p=0.0445) or blood access trouble (standard
B=-0.856, p=0.0018), between memory and duration of HD
(standard § = —0.626, p = 0.0308), and between economical status
and gender (standard B=0.629, p=0.0063) or CTR (standard

= —0.701, p=0.0024) (Table 3).

4. Discussion

In this study, we showed that elderly HD patients had lower
psychosocial QOL than healthy elderly participants. We think that
the response rate was high enough by using VAS in this study,
despite the high age in our cohort, To compare QOL between the
two groups, we analyzed the median of VAS scores using the Mann-
Whitney U test, because VAS scores of some items were not

Table 2

QOL scores (median) of healthy elderly and elderly HD patients
Items of QOL Healthy elderly Elderly patients P

(n=70) (n=72)
Health condition 76.5 50 <0.0001
Appetite 88 76.5 0.031
Sleep 80.5 53 <0.0001
Mood 82 62 <0.0001
Memory 62.5 45 0.0005
Family relationship 90 91.5 0.5705
Friendship 90 88 0.1242
Economical status 86 70.5 0.0033
Satisfaction in 92 68 0.0001
daily life

Happiness 85.5 71 <0.0001

QOL scores were compared by Mann-Whitney U test between healthy elderly and
elderly HD patients in each item of QOL, respectively.

normally distributed, QOL scores were significantly lower in the
elderly HD patients than those in the healthy elderly participants,
except in relation to family relationships and friendship, These data
indicated impaired general QOL in elderly HD patients.

By contrast, we showed that there was no difference in
psychosocial QOL in these 10 items between elderly and non-
elderly HD patients.” Taking these results into account, our
results indicate that older age by itself does not always impair QOL
in HD patients. Age has been considered to be an important factor
when dialysis therapy is indicated, which was not shown in this
study. Therefore, as a recent report suggested,® age alone should
not be a barrier to initiate the dialysis therapy,

A number of studies have been reported in terms of QOLin HD
patients. Most of these studies were examined using KDQOL or SE-
36 for questionnaires, and have reported that the QOL of HD
patients was markedly impaired in comparison to that of the
general population in both physical and mental components.! In
Japan, a study using SF-36 reported that QOL sores of HD patients
are lower than national standards in all eight dimensions, indi-
cating impaired QOL in physical and psychosocial status.? However,
it has been reported that QOL in both physical and mental
components of older old HD patients (>75 years old) was similar to
that in the general population.® In our study, eight out of ten QOL
items were significantly lower in the elderly HD patients than those
in the healthy elderly participants, which was different from the
study mentioned above, This could be related to the differences in
the demographic characteristics, the age composition of HD
patients, or the age with which the HD patients were classified.

Many studies concerning the QOL of HD or end stage renal
disease (ESRD) patients have used KDQOL or SF-36, because these
methods have high reliability and validity, and have been used
internationally. With these methods, the participants need to
answer no less than 36 questions, which is time-consuming and
requires patience. Japanese people, especially the elderly, are not
used to selecting a single answer and have some difficulties in
responding to 36 questions, Therefore, we used VAS which could
be completed in a short period of time, as the only requirement is
to place a mark on the 100 mm bar" Inter-rater reliability
(r=0.74, p <0.05) and test-retest reliability (r =0.82, p <0.05) of
VAS had been already confirmed.® For VAS, we assessed ten items
of QOL, and the rate of available answers was as much as 92.8%
(= 72470/83+70) in the elderly, including HD patients and
healthy participants. A previous study reported that VAS scores of
health conditions in dialysis patients were 58 [O(worst)—
100(best)].”? As far as we know, our investigation is the first study
to use VAS to assess psychosocial QOL in elderly HD patients.

Our study also revealed that the QOL of elderly HD patients was
more impaired than that of healthy individuals, especially in sleep,
mood, and happiness. A recent study reported that 45% of HD patients
complained of insomnia compared with 4-29% in the general pop-
ulation.” In our study, 54.5% of HD patients (56.3% in elderly) had
sleep disturbance, although most patients suffering from insomnia
took hypnotics (data not shown). Sleep apnea syndrome (SAS), rest-
less leg syndrome (RLS), and skin itching may also contribute to
insomnia, The relationship between these comorbidities and sleep
disturbance remains to be determined in elderly HD patients,

In terms of mood, several studies found a 10-35% prevalence of
depression among ESRD patients.® The QOL item “mood” in this
study, however, does not always mean depression, In order to
examine the prevalence of “real” depression, on collecting the score
of “mood” 3 years later, we simultaneously examined the preva-
lence of depression using the Geriatric Depression Scale (GDS)-15
(Fig. 2),"” and the incidence was estimated at 53.8% (58.3%inelderly
patients) by using a cut-off of 5/6 (data not shown). This may be due
to ethnic differences or the method of depression screening, Patel
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Table 3
Relationship between VAS scores of QOL and laboratory data/personal histories in elderly patients
Health Appetite Sleep Mood Memory Family Friendship Economical Satisfaction Happiness
condition ' relationship status in daily life
R? 0.542 0.426 0.704 0.506 0.518 0.694 0.687 0.745 0.503 0.314
Age (V) 0.049 -0.276 0.032 0.152 0.222 0.176 —-0.081 0.205 0.346 0.198
Sex (female) —0.154 0.293 —-0.049 0.32 0.007 0.583% 0.598* 0.629* 0.443 0.331
Period of HD (y) 0.093 -0.320 —0.450* -0.394 -0.626* -0.528* —-0.341 ~0.234 -0.498 —0.343
CTR (%) 0.126 -0.371 0.058 —-0.153 -0.177 -0.471* -0.631* -0.701* —0.433 -0.171
BUN (mmol/L) -0.170 0.245 0.144 -0.199 0.098 -0.049 0.206 ~0.080 0.140 -0.044
Hb (g/L) 0.236 -0.173 ~0.072 -0.397 ~0.167 0.037 0.338 -0.316 ~0.212 0.081
Alb (g/L) -0.295 -0.073 0.200 0.297 0419 -0.103 —0421 0.150 0.072 0.009
Blood access 0.213 -0.389 —-0.856* -0.410 —0.024 -0.228 —0.406 —-0.247 -0.321 -0.360
trouble
IHD 0.550 0.360 0.468 0.570 0.376 0.066 0.085 0.260 0.079 0.067
DM —0.049 —-0.026 -0.209 —0.088 -0.395 -0.154 -0.038 0.064 0.034 0.033
Infectious diseases -0.451 0.314 0.234 0.077 0.091 0.203 0.159 0.046 0.328 —0.060
Bone fracture 0.271 ~0.350 0.091 0.325 0.410 0.238 -0.095 0.077 0.094 0.178
cvD -0.469 0.085 0.165 -0.007 —0.066 0.354 0.192 —0.248 -0.055 0.086
* p<0.05.

Relationship between VAS scores of QOL and laboratory data/personal histories were analyzed usin

hemodialysis (HD) therapy, cardio-thoracic ratio (CTR), blood urea nitrogen (BUN), hemoglobin (Hb), albumin (Alb), blood access trouble, ischemic heart disease
diabetes mellitus (DM), infectious diseases, bone fracture and cerebrovascular disease (CVD)

Each number indicates the standard § of each independent variable.

g multivariate regression analysis, corrected with age, sex, and period of

(IHD),

et al reported that there was a higher risk of depression in male
patients and patients with religious beliefs.'® Meanwhile, various
methods for depression screening have been used, for example,
Beck's Depression Inventory (BDI),'” and the Center for Epidemio-
logical Studies Depression Screening Index (CES-D).'® We used
GDS-15 as it was a self-assessed questionnaire composed of 15 yes

or no questions and required only a few minutes to complete and
score,”” In Japan, Schreiner et al. reported that the cut-off score of 6
for GDS-15 in Japanese individuals, had a sensitivity of 97.3% and
a specificity of 95.9%, which was the same as that reported for
western individuals.? In our study, few or no antidepressant agents
were prescribed to patients with a depressive mood. Therefore,

We would like to ask you some questions about your feeling for the last month.

On each question, circle “yes” or “no”, please.

(@)) Are you basically satisfied with your life? ( yes/no )

2) Have you dropped many of your activities and interests? ( yes/no )

?3) Do you feel that your life is empty? ( yes/no )

4) Do you often get bored? ( yes/no )

%) Are you in good spirits most of time? ( yes/no )

©6) Are you afraid that something bad is going to happen to you? ( yes/no )

(@) Do you feel happy most of the time? ( yes/no )

®) Do you often feel helpless? ( yes/no )

) Do you prefer to stay at home, rather than going out and doing new things? ( yes/no )

(10) Do you feel you have more problems with memory than most? (yes/mo)

(1D Do you think it is wonderful to be alive now? ( yes/no )

(12) Do you feel pretty worthless the way you are now? ( yes/no )

(13) Do you feel full of energy? ( yes/no )

(14) Do you feel that your situation is hopeless? ( yes/no )

(15) Do you think that most people are better of than you are? ( yes/no )

Fig. 2. Geriatric Depression Scale-15. We used this form translated into Japanese.
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Fig. 3. Correlation between GDS-15 score and VAS in mood in elderly HD patients.

a prospective study to test the effect of antidepressants on QOL in
elderly HD patients remains to be investigated.

As might be expected, the score of QOL item of mood “very
depressed to very good mood” and that of GDS-15, were signifi-
cantly correlated with each other by univariate regression analysis
in elderly HD patients (Fig. 3). These data indicate that the VAS of
“mood" can be used to support GDS scores for depression,

Concerning the relationship between QOL and laboratory data/
personal histories, it is noteworthy that better sleep was inversely
correlated with the existence of blood access trouble, which indi-
cated that the sleeping position (for example, resting one's head
against one's arm) is one of the reasons of blood access obstruction.
It is notable that female sex and the low values of CTR were
correlated with better family relationships, friendship or econom-
ical status, These data might be due to the nature of female genes in
comparison to those of males.

This study has some limitations. Although it is the first inves-
tigation to use VAS to assess psychosocial QOL in elderly HD
patients, the sample size was small. In order to establish the validity
and reliability of VAS in examining QOL, a study with a larger
sample size should be performed.

In conclusion, elderly HD patients have a lower score of QOL
than healthy elderly individuals. VAS could be a convenient tool to
examine psychosocial QOL for the elderly.
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Aim: The number of hemodialysis (HD) patients is increasing along with their mean age
in Japan. The assessment of their psychosocial status and quality of life (QOL) is therefore
becoming more and more important along with laboratory data or comorbidities.

Methods: We examined the psychosocial status of 211 HD patients (72 elderly and 139
non-elderly) and compared the difference between elderly and non-elderly patients using
a visual analogue scale (VAS). We then examined how QOL affected mortality rate in
3-year prospective follow up. We assessed 10 items of QOL: health condition, appetite,
sleep, mood, memory, family relationships, friendship, economical status, life satisfaction
in daily life, and happiness with qualified self-evaluating questionnaires along with labo-~
ratory data and comorbidities. Furthermore, we investigated the correlation between the
scores of mood and geriatric depression scale (GDS)-15.

Results:  There was no difference in VAS scores between elderly and non-elderly patients.
Lower VAS scores for appetite and mood correlated with higher mortality in HD patients,
especially in the non-elderly. VAS scores for mood correlated with GDS-15 in HD patients.

Conclusions: More attention should be paid to appetite and the diagnosis and therapy

of depressive mood to improve the prognosis of HD patients, especially for the non-
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Introduction

With the advance of dialysis technology, the number of
dialysis patients along with the proportion of older
patients is increasing in Japan. According to the annual
statistical survey by the Japanese Society for Dialysis
Therapy from the end of 2003 to 2009, the mean age
of the whole dialysis population rose from 61.5 to
65.8 years old, much older than in 1985 (50.3 years old).

In the years 2003 and 2009, there were about 220 000
and 290 000 dialysis patients in Japan, respectively. It is
likely that these dialysis patients live with more mental
stress, including anxiety from comorbidities, conflict
with their family and social restrictions." It is reported
that mental and physical health-related quality of life
(QOL) in hemodialysis (HD) patients is lower than that
in the general population,” and that depression is one of
the most important predictors of patients’ prognosis,*
which is one of the main QOL factors used to evaluate
patients with end-stage renal disease (ESRD).* There-
fore, we should pay more attention to QOL and the
psychological problems of dialysis patients in addition
to medical factors. In terms of QOL, assessment of HD
patients’ self-evaluation for psychosocial status (subjec-
tive QOL) is very important. Although there are some
reports on psychosocial QOL in HD patients, few
studies have addressed the comparison between elderly
and non-elderly patients.®

The aim of this study, therefore, was to evaluate psy-
chosocial QOL of HD patients and to compare it
between the elderly and non-elderly. Furthermore, we
investigate how QOL affects the mortality of HD
patients in a 3-year prospective follow up.

Patients and methods

This study was performed at Taigenkai Hospital and
Kita-Eijinkai Hospital, located in Japan from 2000-2003,
Al HD outpatients in the dialysis units (231 patients) of
these two hospitals were given questionnaires. Patients
65-years-old or older were defined as “elderly”, those
under 65-years-old as “non-elderly”. On the basis of this
definition, the HD population consisted of 83 elderly and
148 non-elderly patients. This study was approved by the
Ethical Committee of Kita-Eijinkai Hospital and Taigen-
kai Hospital and conforms to the provisions of the Dec-
laration of Helsinki. Written informed consent for the
study was obtained from each patient. Participants were
given a brief explanation of the questionnaire by a
medical technician or the attending physician and were
asked to complete the questionnaire.

QOL assessment of subjects was carried out using a
visual analogue scale (VAS). VAS is freq uently used as a
subjective scale of pain in the field of anesthesiology.
Each VAS questionnaire ended with a summing-
up graph in the form of a 100 mm bar, graded with
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subjectively the worst condition on the left and best one
on the right. The participant was asked to mark on the
100 mm bar how they evaluated their condition. We
defined the distance (mm) from the left to the marked
position as the score of VAS (0-100), with high scores
indicating high QOL.® We assessed 10 QOL items:
health condition; appetite; sleep; mood; memory; family
relationships; friendship; economical status; life satis-
faction in daily life; and happiness, as described by Mat-
subayashi et al.®* The VAS (10 items of QOL) has been
validated for use in the Japanese population.” Demo-
graphic data including age, gender, and duration of HD
therapy, laboratory data, which included cardio-
thoracic ratio (CTR), plasma level of blood urea nitro-
gen (BUN), hemoglobin (Hb), albumin (Alb), and
comorbidities including blood access trouble, ischemic
heart disease, diabetes mellitus, infectious diseases,
bone fracture, cerebrovascular disease were simulta~
neously collected. After patients rested in the supine
position for at least S min, systolic blood pressure was
measured twice by medical staff at the bedside and the
average of those was calculated. Patients were examined
at the beginning of their first HD session of the week, as
is done in routine medical care.

We followed these patients for 3 years prospectively.
The end point for patients was the trial end or death
from any cause. At first, we examined the survival analy-
sis in elderly and non-elderly HD patients. We then
investigated how QOL affects the mortality of HD
patients. At the end of the 3-year observation period we
also screened for depression using the geriatric depres-
sion scale (GDS)-15 with a self-assessed questionnaire
(0 [good] — 15 [very depressed])® and investigated the
correlation between the scores of the GDS-15 and QOL
item mood, which was also examined simultaneously.

Data were analyzed using JMP v. 6.0.0 (SAS Institute
Inc., Cary, NC, USA). For patient age, duration of HD
and laboratory data, means were analyzed using r-test.
For patient gender and comorbidities, frequencies were
analyzed using y* for independence test. Medians of
QOL scores were calculated and analyzed using Mann—
Whitney U-test. According to the average score of each
VAS from all patients, a survival rate curve was analyzed
by Kaplan-Meier analysis followed by log-rank test.
Correlation between each score of QOL and mortality
rate was analyzed using multivariate Cox regression
analysis corrected for age, gender, duration of HD
therapy, laboratory data and comorbidities. Correlation
between the scores of GDS-15 and mood was analyzed
using univariate regression analysis. Statistical signifi-
cance was considered to be a P value of <0.05.

Results

Questionnaires were given to 231 patients and the
response rate was 100%. However, answers from 211

© 2011 Japan Geriatrics Society
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Appetite and depr

Table 1 Characteristics, laboratory data and comorbidities

essive mood

in hemodialysis (HD) patients

Elderly patients Non-elderly patients P value

(n=72) (n=139)
Age (years, means + S.D.) 71.8+35.6 52.4+9.3 <0.0001
Sex (male) 58.3% 64.7% 0.3613
Duration of HD (years, means + S.D.) 6.9+5.0 8.5+6.9 0.0696
SBP (mmHg, means +S.D.) 155+23 153£22 0.6046
CTR (%, means £ S.D.) 50.2+4.9 48.0+5.0 0.0025
BUN (mmol/L, means + S.D.) 26.0+6.5 28.4+5.8 0.0073
Hb (g/L, means £ S.D.) 87.8 +14.4 94.7 £ 15.6 0.0033
Alb (g/L, means + S.D.) 38.5+5.7 42.4+49 <0.0001
Blood access trouble 58.5% 57.6% 0.9175
IHD 28.6% 25.7% 0.7410
DM 53.1% 42.7% 0.2567
Infectious diseases 18.4% 5.7% 0.0549
Bone fracture 17.1% 23.8% 0.4111
CVD 13.3% 17.4% 0.5614

Patient characters were compared between elderly and non-elderly. Data are expressed as means + S.D. or incidence of ¢

ach

disease (%). Alb, albumin; BUN, blood urea nitrogen; CTR, cardiothoracic ratio; CVD, cerebrovascular disease; DM, diabetes
mellitus; Hb, hemoglobin; IHD, ischemic heart disease; SBP, systolic blood pressure.

Table 2 Median of quality of life (QOL) scores in hemodialysis patients

Items of QOL Elderly patients ~ Non-elderly patients P value
(n=72) (n=139)
Health condition S0 49 0.3047
Appetite 76.5 82 0.2415
Sleep 53 S4 0.8906
Mood 62 60 0.6133
Memory 45 51 0.0948
Family relationships 91.5 &9 - 0.1982
Friendship 88 80 0.3215
Economical status 70.5 S1.5 0.0512
Satisfaction in daily life 68 57 0.0903
Happiness 71 67 0.4419

QOL scores were compared by Mann-Whitney U-test between elderly and
non-elderly hemodialysis patients for each item of QOL. There was 1o significant
difference between elderly and non-elderly hemodialysis patients.

patients (91.3%) were used for the analysis, because the
rest were incomplete. Table 1 demonstrates patient
characteristics, laboratory data, and comorbidities. The
mean age of elderly and non-elderly HD patients was
71.8+£5.6 and 52.4+9.3, respectively (P<0.0001).
There was no significant difference in the proportion of
gender or the duration of HD between the two groups.
For the 10 items of QOL, there was no significant dif-
ference in VAS scores between elderly and non-elderly
HD patients (Table 2).

In the 3-year prospective follow up, the number of
deceased patients was 44 and the mortality rate was
21.8%. We also investigated the correlation between
VAS scores in the QOL items and survival rate by

© 2011 Japan Geriatrics Society

univariate analysis according to the average score of
each QOL. The Kaplan-Meier analysis according to the
VAS score of each QOL item in elderly and non-elderly
HD patients is shown in Table 3. We found that higher
VAS scores of health condition, appetite, sleep, mood
and satisfaction in daily life were associated with better
survival in non-elderly patients, but not in elderly
patients.

On the other hand, higher VAS scores in appetite,
mood, friendship, and satisfaction in daily life were 5ig-
nificantly associated with better survival in non-elderly
HD patients according to multivariate Cox regression
analysis adjusted for age, gender, and duration of HD
therapy, clinical data including CTR, BUN, Hb, Alb
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Table 3 Kaplan-Meier analysis by each item of quality of life (QOL) in hemodialysis patients in elderly and

non-elderly

Cut-off point

Elderly patients (n=72)

Non-elderly patients (n=139)

P value P value
Health condition 50 <= vs 49 => 0.4824 0.0138
Appetite 75 <=vs 74 => 0.6832 0.0021
Sleep 59 <=vs 58 => 0.8158 0.0059
Mood 62 <=vs 61 => 0.8342 0.0047
Memory 53 <=vs 52 => 0.7448 0.1317
Family relationships 78 <=vs 77 => 0.4242 0.3575
Friendship 74 <= vs 73 => 0.3438 0.5439
Economical status 54 <= vs 53 => 0.5022 0.1990
Satisfaction in daily life 61 <= vs 60 => 0.5047 0.0420
Happiness 66 <= vs 65 => 0.7771 0.4040

Correlation between mortality and each item of QOL was analyzed by Kaplan-Meier analysis, followed by log-rank test. Cut off

point (according to the average score of each QOL) is shown.

and comorbidities (appetite: relative risk [RR] = 0.931,
P=0.0041; mood RR=0.938, P=0.000S; friendship:
RR=0.949, P=0.0317; satisfaction in daily life:
RR=10.967, P=0.0178) (Table 4, right). Statistical sig-
nificance was also found in family relationships
(RR=0.967; P=0.0009) and friendship (RR 0.977;
P =0.0180) for all HD patients (Table 4, left), and appe-
tite in elderly patients (RR = 1.048; P = 0.0247) (Table 4,
center).

We then assessed the correlation between mood and
GDS-15 in HD patients. There was an inverse correla-
tion between VAS scores for mood and GDS-scores
among all HD patients (r=-0.585, P <0.0001), and
when divided into elderly (r=-0.603, P <0.0001) and
non-elderly patients (r =-0.610, P < 0.0001).

Discussion

In this study we have shown that there is no difference
between elderly and non-elderly HD patients in 10 psy-
chosocial QOL items. However, better appetite, mood,
and satisfaction in daily life were associated with better
survival in non-elderly HD patients by Cox regression
analysis and Kaplan-Meier analysis; no relationship was
found between the scores of those QOL items and
laboratory data/comorbidities (data not shown). These
results indicate more attention should be paid to appe-
tite, depressive mood, and satisfaction in daily life to
improve the survival especially in non-elderly HD
patients.

We found no significant difference in QOL between
elderly and non-elderly HD patients. Few reports have
addressed the relationship between age and QOL in HD
patients. Tovbin ef al. demonstrated that age is not asso-
ciated with self-evaluated individualized QOL according
to life domains including health, family, work/studies,
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economic situation and leisure.® Kutner et al. reported
that prevalence of sleep disorders is not clearly associ-
ated with an increasing age of patients, and that elderly
patients often report better psychosocial adjustment to
dialysis than younger patients.” Leinau et al. reported
that the prevalence of depression is not restricted to
older participants (260 years 31%; <60 years; 22%).1"
These studies are consistent with our study showing no
difference in QOL assessments between elderly and
non-elderly HD patients.

Quite a number of studies have been reported in
terms of QOL in HD patients. Most of the studies used
the Kidney Disease Quality of Life (KDQOL) or Short
Form 36 (SF-36) questionnaire and have reported that
QOL of HD patients is markedly disturbed compared to
that of the general population in both physical and
mental components.® In Japan, a study using SF-36
reported that QOL sores of HD patients were lower
than the national standard in all of eight scales, indicat-
ing disturbed physical and psychosocial QOL."
However, in the KDQOL and SF-36 questionnaires the
participants need to answer as many as 36 questions,
which might be time consuming and require them to be
patient to some extent. Japanese people, especially the
elderly, are not used to multiple choice questionnaires
and may have some difficulties responding to 36 ques-
tions. Therefore, we used a VAS that can be completed
quickly, because participants only have to put a mark on
the 100 mm bar.* Inter-rater reliability (r=0.74,
P <0.05) and test-retest reliability (r = 0.82, P < 0.05) of
the VAS score has been already confirmed. For the
VAS examination we assessed 10 items of QOL, and the
rate of available answers was as high as 91.3% in HD
patients. Previous studies have reported that VAS scores
of health conditions in dialysis patients were 58.%
Although more tests might be needed to prove further

© 2011 Japan Geriatrics Society
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To investigate whether poor QOL reflects a poor
health condition, we assessed the relationship between
health condition and QOL in elderly and non-elderly
patients using regression analysis. In non-elderly
patients there was a correlation between health condi-
tion and appetite, sleep and mood (r = 0.28; P = 0.0008,
r=0.29; P=0.0006 and r=0.51; P<0.0001, respec-
tively). However, the r value was relatively low (r < 0.30)
except in relation to mood. In elderly patients, there was
correlation between health condition and appetite, sleep
and mood (r=0.41; P=0.0004, r=0.38; P = 0.0012 and
r=0.65; P<0.0001, respectively) and the r value was
relatively high (r > 0.30). These results indicate that the
QOL items appetite and sleep would be better markers
of the health condition of elderly HD patients than
non-elderly HD patients and that the QOL item mood
would be a better marker of the health condition of both
elderly and non-elderly HD patients. In contrast, we
showed that better appetite and mood were associated
with better survival in non-elderly HD patients. Fur-
thermore, there was no relationship between the scores
of these QOL items and laboratory data/comorbidities
(data not shown). These data indicate the importance of
QOL assessment in HD patients.

The relationship between depression and mortality
rate is reported to be controversial.*' Husebye ez al.
reported that psychosocial variables are prognostically
important for the survival of dialysis patients over the
age of 70, but depression is not associated with mortal-
ity rate.* Drayer etal. reported that depressed HD
patients are younger and depression is associated with
decreased QOL including sleep and increased mortality
rate.* In terms of psychological factors, Kimmel et al.
reported that there is an inverse relationship between
the number of symptoms (pain, trouble with sleep,
tiredness and shortness of breath) and QOL including
psychological items and that no clinical parameter
(duration of ESRD, serum Alb, Hb, Kt/V and Karnofsky
Performance Status Scale) correlates with any measure
of QOL.* Moreover, Leinau et gl. demonstrated that
non-ESRD-specific conditions such as fatigue, pain,
and depression are as prevalent as ESRD-specific con-
ditions (use of a catheter for access, Hb, intact parathy-
roid hormone, phosphorous, and Kt/V) and highlighted
the importance of diagnosing and treating non-ESRD-
specific conditions to improve the health and QOL of
persons with ESRD."" As reported in these latter two
literatures, QOL factors such as sleep disturbance,
depression and so on should be paid as much attention
as clinical parameters as suggested in the guidelines
for ESRD.

We have highlighted the need for assessment of
elderly HD patients using self-evaluation for psychoso-
cial status (subjective QOL). In this study, however, a
higher QOL score for appetite, sleep, mood and satis-
faction in daily life was associated with better survival
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by both of univariate analysis (Kaplan-Meier analysis;
Table 3) and multivariate analysis (Cox regression
analysis; Table 4), in non-elderly HD patients only.
These negative results in elderly patients might be
ascribed to the small sample size. Actually, among the
laboratory data that showed differences between elderly
and non-elderly patients (Table 1), higher levels of Alb
were associated with better survival in elderly patients,
but there was no relationship between Alb and the
scores of any QOL item (data not shown).

In conclusion, there was no difference in 10 psycho-
social QOL items between elderly and non-elderly HD
patients. Paying attention to appetite and depressive
mood may lead to the improvement of the mortality rate
of HD patients, especially for the non-elderly.
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Abstract. Recent studies suggest a potential benefit of the
lipid-lowering medication in the treatment of chronic kidney
disease (CKD) such as diabetic nephropathy. Although statins
have been widely used to lower serum cholesterol levels, the
effect of these drugs on diabetic nephropathy has not been fully
elucidated. In the present study, therefore, we addressed the role
of different kinds of statins on diabetic nephropathy in db/db
mice. Mice were fed with a standard diet with 0.005% (w/w) of
pitavastatin, rosuvastatin, and pravastatin for 8 weeks starting
from 8 weeks of age. The treatment with statins did not affect
the food intake, body weight gain, adiposity, or blood pressure in
db/db mice. Treatment with statins also had no effect on plasma
lipid levels. In terms of the effect on albuminuria, pitavastatin
and rosuvastatin reduced the urinary excretion of albumin by
60 and 40%, respectively, but not pravastatin, suggesting the
effect of these two drugs on diabetic nephropathy. Furthermore,
pitavastatin and rosuvastatin improved glomerular hypertrophy.
All statins treatment improved insulin resistance. In addition,
rosuvastatin and pravastatin treatment reduced oxidative stress
measured by urinary 8-OHdG level, whereas the statins had
no effect on the inflammatory response in the kidney of db/db
mice. These results are not consistent with the renoprotective
effect of statins. In conclusion, our data suggest that pitavastatin
and rosuvastatin can improve diabetic nephropathy through the
suppression of glomerular hypertrophy, independent of lipid-
lowering or anti-oxidative effects.

[ntroduction

Diabetic nephropathy is one of the most common forms of
chronic kidney disease (CKD) and the most frequent cause
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of mortality in patients with diabetes (1,2). The number of
people affected by diabetic nephropathy or who need renal
replacement is steadily increasing (3). Therefore, the estab-
lishment of therapeutic strategies for diabetic nephropathy is
needed. Diabetic nephropathy results from complex interac-
tions between genetic, metabolic, and hemodynamic factors.
and can be characterized by mesangial expansion followed
by glomerulosclerosis and a decline in renal function. The
development of glomerulosclerosis in diabetes mellitus is
always preceded by persistent albuminuria and glomerular
hypertrophy (2). Therefore, these two manifestations could
be promising therapeutic targets for the treatment of diabetic
nephropathy.

3-Hydroxy-3-methylglutaryl (HMG)-coenzyme A (CoA)
reductase inhibitors (statins) are widely used for diabetic
patients to reduce their cardiovascular risk (4). Statins also have
renoprotective actions and have been shown to reduce albumin-
uria in both experimental and clinical diabetic renal disease
(5-8). Some of these benefits may be due to lipid lowering,
since lipid levels are strongly associated with the development
and progression of diabetic kidney disease (9,10). On the other
hand, statins have a range of lipid-independent actions on cell
proliferation, inflammation, and oxidative stress (11,12), which
may impact the development and progression of renal damage
in diabetes, These pleiotropic effects have been suggested to
contribute to the renoprotective effect of statins. However, the
precise mechanisms of the renoprotective effects are not fully
understood. In addition, whether different statins have the same
effect on diabetic nephropathy is not well known,

In this study, we addressed the role of various statins, such
as pitavastatin, rosuvastatin, and pravastatin on the develop-
ment of diabetic nephropathy in db/db mice.

Materials and methods

Materials. Pravastatin and rosuvastatin were provided by
Daiichi Sankyo Co., Ltd. and pitavastatin was provided by
Kowa Pharmaceutical Co., Ltd.

Animal procedure and experimental design. Male db/db mice
(n=24) and their lean control db/m (1=6) mice were obtained
from Charles River at 6 weeks of age. The mice were fed with
normal chow without additional supplementation (non-treated
group) or with chow supplemented with 0.005% (w/w) pravas-
tatin, pitavastatin or rosuvastatin for 8 weeks starting from 8
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Table 1. Characteristics of db/m and db/db mice treated with or without statins.

db/db
db/m Con Pra Pit Ros
Body weight (g) 32.5+0.40 53.1%3.90 51.2£5.1 50.3£3.80 51.3%£5.70
Liver weight (g) 1.15+£0.29 2994041 2.78+0.54 2.55+0.36 3.19+0.85
eWAT weight (g) 0.37+0.05 3.23£0.25 3.08+0.59 301x0.41 3.10£0.62
Kidney weight (g) 0.31£0.07 0.50+0.02 0.51+0.06 0.42+0.01" 0.41+£0.03"
Food intake (g/day) 3.82+0.33 7454243 7.15+0.72 7.70+1.65 7.04x1.58
SBP (mmHg) NA 113.2211.6 113.5£3.00 109.5+9.50 114.6x5.60

Con. control; Pra, pravastatin: Pit, pitavastatin; Ros, rosuvastatin, eWAT, epididymal whitc adipose tissue; SBP, systolic blood pressure. Resulis

are expressed as mean = SD (n=6 in each group). "P<0.05 vs. Con.

weeks of age. Animals had access to food and water ad libitum
and were maintained on a 12-h light/dark cycle. All animal
experiments were conducted according to the Guidelines for
Animal Experiments at Kyoto University.

Analysis of metabolic paramerer. Plasma glucose concentration
was measured with a Glutest Ace (Sanwa Kagaku Kenkyusho
Co., Ltd.). Plasma insulin concentration was measured with an
insulin assay kit (Morinaga Institute of Biological Science).
Plasma cholesterol and triglyceride levels were respectively
measured with the Cholesterol E and Triglyceride E tests
(Wako Pure Chemical Industries, Ltd.),

Measurement of urinary albumin and creatinine. Urinary
albumin and creatinine were measured at 16 weeks of age
from 24-h collection samples from mice housed in individual
metabolic cages. During the urine collection, the mice were
allowed free access to food and water. Albumin concentration
in the urine was measured by Albuwell (Exocell). Urinary
creatinine was measured with a Hitachi Mode 736 analyzer
(Hitachi). The urinary albumin concentration was adjusted by
the urinary creatinine concentration.

Measurement of urinary oxidative stress, Urinary 8-0HdG
concentrations were measured at 16 weeks of age using
a competitive enzyme-linked immunosorbent assay kit
(8-OHAG Check, Japan Institute for the Control of Aging).
Urinary 8-OHdG excretion was expressed as the total amount
excreted in 24 h.

Quantitative real-time PCR. Total-RNA was extracted from
frozen kidney tissue (50 mg) at 16 weeks of age using an
RNeasy mini kit (Qiagen). The cDNA was synthesized from
total-RNA using SuperSeript I (Invitrogen). Real-time PCR
was performed on an ABI PRISM 7900 using the SYBR-Green
PCR Master Mix. (Applied Biosystems). Primer sets were as
follows: tumor necrosis factor (TNF)-¢ forward, 3'-CCCAGA
CCCTCACACTCAGATC-3" and reverse, 5'-GCCACTCCAG
CTGCTCCTC-3'; fi-actin forward, 5-TACCACAGGCATTG
TGATGG-3' and reverse, S-TTTGATGTCACGCACGAT
TT-3'. The mRNA levels were normalized relative to the
amount of B-actin mMRNA and expressed in arbitrary units.

Measurement of glomerular size. The mice were euthanized at
16 weeks of age. The kidneys were rapidly fixed in 10% form-
aldehyde, and embedded in paraffin, Paraffin sections were
cut at 3 ym, For measurement of the glomerular size, paraffin
sections were stained with hematoxylin and eosin. The size of
the glomerular surface arca was measured using the Image-Pro
Plus software version 3.0.]1 (Media Cybernetics, Inc.).

Statistical analysis. Data are expressed as the mean = SD.
Multiple comparisons among the groups were conducted by
one-way analysis of variance with Fisher's PLSD test for post
hoc unalysis. P-values of <0.05 werc considered significant.

Results

Effect of statin treatment on body weight, adiposity and
systolic blood pressure, In db/db mice fed with a standard
diet for 8 weeks starting at 8 weeks of age, body weight.
epididymal white adipose tissue (eWAT) weight, liver weight
were increased compared to those of db/m mice. Treatment
with statins had no etfect on body weight, food intake, liver
weight and eWAT weight in db/db mice (Table I). In addition,
there was no ditference in systolic blood pressure between
statin-treated and non-treated db/db mice.

Effect of statin treatment on renal function in dbldb mice, Because
albuminuria reflects renal function (13), we measured the urinary
excretion of albumin in normal chow-fed db/db mice at 16 weeks
of age. Urinary excretion of albumin was markedly increased
in db/db mice compared with db/m mice (Fig. 1). Pitavastatin,
rosuvastatin, but not pravastatin improved albuminuria in db/db
mice. Kidney weights in pitavastatin- and rosuvastatin-treatcd
db/db mice were reduced compared with non-treated db/db mice
(Table 1). These data suggest that pitavastatin and rosuvastatin
treatment improves renal function in db/db mice.

Effect of statin trearment on plasma lipid level in dbldb mice.
To clarify the mechanism by which statins ameliorated renal
function, we first examined the effect of statin treatment on
lipid metabolism in db/db mice. Plasma triglyceride and total
cholesterol level were increased in non-treated db/db mice
compared with db/m mice (Fig. 2A and B). On the other hand.
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Urinary albumin (ug/mg Cre)

m Con Pra Pit Ros

Figure 1. Effect of statins on renal function in db/db mice, The graph shows
the urinary excretion of albumin in db/m mice (m). nun-treated (Con),
pravastatin-treated (Pra), pitavastatin-treated (Pit) and rosuvastatin-treated
(Ros) db/db mice. Results are expressed as mean x SD. 'P<0,05, ""P<0.01 vs.
non-treated db/db mice (n=6 in cach group).

statin treatment had no effect on plasma lipid levels in db/db
mice (Fig. 2A and B), suggesting that the renoprotective effect
of statins is independent of their lipid-lowering action.

Effect of statin treatment on insulin resistance in dbldb mice.
[t has been reported that the development of insulin resistance
contributes to renal dysfunction (14). Therefore, we next
examined the effect of statin treatment on glucose metabolism
in db/db mice. Blood glucose level, plasma insulin level, and
HOMA-IR were markedly increased in db/db mice compared
with db/m mice. indicating an increase in insulin resistance
(Fig. 2C-E). Although statin treatment had no cffect on plasma
glucose, all statins reduced plasma insulin levels, resulting in
a decrease in HOMA-IR (Fig. 2C-E). The data suggest that
statin treatment improves insulin resistance.

300 =
= 2
T 250 =)
5] E
£ 200 by

£
© 150 8
g 100 ©
g 50 5
T 8
0 a
m Con Pra Pit Ros
= 25 1
£
g 20 4 -
£ J FE e
g 1.5
£1.0 -
<
%05 - j
8
% 00 .

m Con Pra Pit Ros

m ConPra Pit Ros

m ConPra Pit Ros

Because hypoadiponectinemia is associated with the
development of insulin resistance and kidney disease (15),
we examined the effect of statin treatment on plasma adipo-
nectin levels in db/db mice. In non-treated db/db mice, plasma
adiponectin levels were decreased compared with db/m mice.
Meanwhile, statin treatment had no effect on plasma adipo-
nectin level in db/db mice (Fig. 2F).

Effect of statin treatment on the renal inflammation in dbldb
mice, Accumulating evidence now indicates that inflamma-
tory mechanisms play a significant role in the development
and progression of diabetic nephropathy. Especially, TNF-a
is a pleiotropic inflammatory cytokine and has been shown
to cause enhanced albumin permeability (16). Therefore, we
next examined the effect of statin treatment on inflammation
in the kidney of db/db mice. The expression of TNE-¢ mRNA
was increased in the kidney of db/db mice compared with
that of db/m micc. whereas statin treatment had no effect on
its expression in db/db mice (Fig. 3A). These data suggest
that statins had no effect on the inflammatory response in the
kidneys of db/db mice.

Effect of statin rreatment on the oxidative stress in dbldb
mice, To examine the effect of statin treatment on oxidative
stress. we mieasured urinary 8-OHdG concentrations in db/db
mice, Urinary 8-OHdG levels in non-treated db/db mice were
significantly higher than those in db/m mice. Pravastatin and
rosuvastatin reduced urinary 8-OHdG levels in db/db mice,
whereas pitavastatin had no effect on oxidative stress despite
detecting the amelioration of albuminuria (Fig, 3B),

Effect of statin treatment on glomerular hypertrophy in db/db
mice. Glomerular hypertrophy is a hallmark in diabetic
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Figure 2. Effect of statins on lipid and glucose metabolism in db/db mice. (A) Plasma triglyceride (TG), (B) total cholesterol (T-Cho), (C) glucose, (DY insulin,
(E) HOMA-IR and (F) adiponectin levels in db/m mice (m). non-treated (Con). pravastatin-treated (Pra), pitavastatin-treated (Pit) and rosuvastatin-treated
(Ros) db/db mice, Results are expressed as mean & SD. "P<.05, "P<.01 vs. non-treated db/db mice (=6 in each group).
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nephropathy along with albuminuria, Therclore, we assessed

the glomerular hypertrophy in dbidh mice and the effect of

stating by measuring the glomerular surface wrew, Mean glomer
ulwr surface aren size in db/db mice was inercased compared
with db/m mice. Pitavastatin and rosuvastatin treatment. but not
pravastatin treatment. suppressed the glomerular hyperiropliy
as well as urinary exeretion ol albumin in dbidb mice (g, 4

Discussion

In the present study, we showed that pitavastatin and rasu-
vastulin treatment improved albuminuria and suppressed
glomerulur hypertrophy. independent of its Hipid-lowering and
anti-oxidative effect in db/db mice.

In CKD paticnts. there is an increase in ofal cholesterol
and LDL fevels (17). The level of chalesterol is directly corre-
lated with the degree ol albuminuria (18), sugpesting that
hyperlipidemia is associated with the development of CKD
stich as diabetic nephropathy. In fact lipid-lowering therapy by
statin has been suceesstul Lo the amelioration of renal function
in patients with diabetic nephropathy (19.20). However, the
present study and other animal studies showed that stalin treal-
ment significantly improved renal function without allecting

the plusma lipid profile (5.8.2D. Therelore, the renoprotective

A
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Figure 4. Effects af statins on the glomerular hypertrophy in dbidb mice. 147 H shvniig of clomeruli tmagnilication. ~200)
surface arca of dbém mice (n) non-treated (Cong. prvastatin- treated (Pran, pitavisttin-treated <P and rosuvast
Sy glomeruli per mouse was analyzed. Results are expressed as mican 1 5D, 17<0.03,

DIFFERENTIAL EFFECT OF STATIHNS ON DIABETIC NEPHROPATHY

effect of statins may be mainly caused by its pleiotropic action
rather than their lipid-lowering action.

fnsutin resistanee is associated with the development of
renal dysfunction in type 2 diabetes. Tt has been shown that
insulin resistance correlates with the onset of microalbumin-
uria i patients with type 2 diabetes as well as in nondiabelic
subjects (141, Several studies showed that amelioration of
insulin resistance resulted in a restoration of renal funetion
{22-240, Statin also has an ability 1o ameliorate insulin resis-
tanee. Takagh ef af (25) reported that pravastatin treatment
improved insulin resistanee through the increase in plasma
adiponectin levels in dbidb mice. In the present study. we also
ubserved that all statin treatment improved insulin resistance
detected by the reduction of HOMA-IR, while adiponcctin
was not aliered by statin treatment in dbidh mice. However.
this amelioration was not consistent with the renoprotective
elffects of stating in dbidb mice.

Oxidative stress and inffammation are also far more previ-
fentin CID patients than in normal subjects (26). 1n the present
study. we also observed the elevation of oxidative stress and
inflammation in the kidneys of dbAlb mice compared with that
af lean control mice. Renal disease is associated with a graded
incrc'mc in oxidative stress markers even in carly CKD (271,

Fhis oxidative stress can aceclerate renal injury progression. In
addition, inflammatory markers such as C reactive protein and

eytokines incrense with renal Function deterioration suggesting

that CID s o low-grade inflammuatory process (28), Therelore.
the agents which have anti-oxidative and anti-inflammatory
action have been attvacted as @ therapeutic strategy for renal
dystunction (29), Anti-oxidative and anti-inflammatory actions
are also mujor pleiotropic effeets of stating (12). Several reports
have shown that these actions of statins contribute 1o their
renoprotective effeets (5.30.31). In the present study. we also
abserved that pravastatin and rosuvastatin suppressed oxidative
stress i dbédh mice as well as these reports, whereas we could
notdetect the ant-intlammatory effect of statins in the Kidneys
ol dbidb mice. Pitavastatin had no effect on oxidative stress.
despite the presence of the restored renal function in dhidh
mice. This result suggests that the anti-oxidant action of statins
is not primarily responsible for their renoprotective effect.

[ the presentstudy, we observed a correlation between
renapratective effects of stating and thelr suppressive effect
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of glomerular hypertrophy in db/db mice. The glomerular
morphological changes in diabetic nephropathy are charac-
terized primarily by mesangial expansion and glomerular
based membrane (GBM) thickening. It has been reported
that the dysregulated cell cycle by the increased inhibitor of
cyclin dependent kinase (such as p2] and p27) contributes to
these morphological changes and renal dysfunction (32,33).
Pleiotropic effects of statins on the cell cycle are well known
(12). Furthermore, Danesh et al (34) reported that statin treat-
ment normalized the cell cycle through the suppressicn of p2i
expression in high glucose-stimulated mesangial cells, In the
present study, pleiotropic effects of statin on the cell cycle
thus might improve glomerular hypertrophy and albuminuria,
However, further study is required to clarify the effect of
statins in glomerular hypertrophy and renal dysfunction.

In conclusion, we have shown the effects of various statins
on diabetic nephropathy in db/db mice. Our study suggests that
its renoprotective effect is mainly dependent on suppressing
the glomerular hypertrophy, independent of its lipid-lowering
or anti-oxidative effects, and there may be differences in the
renoprotective ability between various statins.
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Effect of resistance training on physical
performance and fear of falling in elderly
with different levels of physical well-being

SIR—Several factors are involved in the maintenance of
activities of daily living (ADL) in older adults. Skeletal
muscle mass and strength are important factors for main-
taining independence and quality of life in elderly. Several
tecent cross-sectional studies have shown the associations
of muscle strength with physical fitness and disability [1, 2].
Loss of muscle mass (sarcopenia) is prevalent in older
adults [3] and represents an impaired state of health with
mobility disorders, increased tisk of falls and fractures,
impaired ability to perform ADI, disabilities and loss of
independence [4—6].

Fear of falling is common in older adults. The preva-
lence varies from 21 to 85%, is higher in women than in
men, and increases with age [7]. The risk factors of fear of
falling are shown to be physical frailty [8], perception of
poor health [9], obesity, cognitive impairment, depression,
poor balance [10] and history of at least one fall [7].

Resistance training is an effective intervention to
improve the physical function in older adults by increasing
strength and physical performance [11]. However, it is still
controversial whether resistance training is effective for all
levels of eldetly people. For example, we reported that
decreased muscle power is a reliable predictor of falls only
in frail elderly [12].

We hypothesised, therefore, that there is a differential
effect of resistance training on physical performance
according to the level of physical well-being, The aim of
this study was to compare the effects of resistance training
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on skeletal muscle mass, physical performance and fear of
falling in robust and frail elderly.

Methods

Participants

Pasticipants were rectuited by an advertisement in a local
press. We used the following criteria to screen Pparticipants
in an initial interview: aged 265 years, community dwelling,
has visited a primaty care physician within the previous 3
vears, score of 28 by Rapid Dementia Screening Test [13],
able to walls independently, willing to participate in group
exercise classes for at least 6 months, access to (AN poL-
tation and no regular exercise in the previous 12 months:

We also used the interview to exclude participants based
on the following exclusion criteria: severe cardiac, pulmon-
ary, or musculoskeletal disorders, pathologies associated
with an increased risk of falls (i.e. Parkinson’s disease or
stroke) and use of psychotropic drugs. We obtained written
informed consent from each participant in accordance with
the guidelines approved by the Kyoto University Graduate
School of Medicine and the Declaration of Human Rights,
Helsinki, 1975.

Frailty definition

The fiailty classification was based on a composite of pre-

- vious work. The Timed Up and Go (TUG) is a simple test

developed to screen basic mobility performance and has
been shown to be significantly associated with ADL in frail
older adults [14]. It has been reported that eldesly with a
TUG score greater than 135 s can have an increased risk
of falling [15]. Frailty was defined as a TUG scote >13.5 .
Based on key components of the scteening examination
(TUG score greater than 13.5 s), 159 elderly adults were
classified as the frail group, whereas 178 elderly adults were

classified as the robust group because they had a TUG
score of £13.5 s.

Resistance training

All participants underwent resistance training sessions rwice
a week for 50 weeks. All parficipants performed the seated
row, leg press, leg curl and leg extension exercises on
resistance-training  machines. Training loads were chosen
using the 10-repetidon maximum (10-RM, the maximal
weight that can be lifted 10 times). Participants used the
10-RM for 3 sets of 10 repetitions for each machine exer-
cise. Participants were required to adjust the training weight
o enswre failure at the 10-RM. It took approximately 1 h
to finish all sessions, with 15-min warm-up at the beginning
and 10-min cool-down stretch at the end.

Bioelectrical impedance analysis measurement

A bioelecttical impedance data acquisition system (Physion
MD; Physion Co. Lid, Kyoto, Japan) was used to determine
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the bioelectrical impedance of the right upper and lower
limbs [16]. This system applies a constant current of
800 mA at 50 kHz through the body. Participants lay
supine with their arms and legs extended and relaxed
during bioelectrical impedance measurement. Leg lean mass
(LLM) per whole-body weight was used for the analysis.

Measurement of physical performance

All participants underwent five measurements upon entry
into the study (pre-test), which included 10-m walk test,
TUG test, single leg standing (SLS), functional reach (FR)
and 5-chair stand. The order of performing these tests was
random. For each performance task, the participants per-
formed two trials, and an average score was calculated from
these two trials. All baseline and pre-test measurements
were completed prior to randomisation.

Measurement of fear of falling

Falls Efficacy Scale (FES) [17] is the most frequently used
surrogate measure for fear of falling in older adults. The
reliability and validity of FES have been previously reported
[17]. FES was measured at baseline and at 12 months, FES
is based on the operational definition of fear as low per-
ceived self-confidence at avoiding falls duting essential, rela-
tvely nonhazardous activities’. Briefly, participants were
asked how concerned they were about the possibility of
falling while performing 10 different activities on a 4-
category scale from 1 (not at all concerned) to 4 (very con-
cerned). If participants indicated that they did not perform
or were unable to perform the activity, they were encour-
aged to respond hypotheticall,. FES emphasises mainly
indoor, home-based activities,

Required sample size

We designed the effect size of the curtent study to be 0.4
With a significance level of 0.05, a power of 80%, and a
moderate effect size (0.4), 2 minimum of 100 patticipants
wete needed in both the intervention and control groups.
Accounting for a potential 20% attrition rate, a total of 240
participants were recruited for this study, which was deemed
latge enough to detect statistically significant differences.

Statistical analysis

We analysed the effects of resistance training on all
outcome measutes using a mixed 2 (group: robust and frail
groups) X 2 (time:  pre-intervention, post-intervention)
ANOVA. A 0.05 type 1 error rate was chosen « priori to
indicate statistical significance. A post hoc paired rtest for
within-group comparisons was performed to compare each
dependent variable. The Bonferroni procedure was used to
adjust the type 1 error rate of each analysis to 0.025 0.05/
2) as an indication of statistical significance to guarantee an
overall type 1 error rate of 0.05. Data were entered and
analysed using the Statstical Package for Social Science
(Windows version 18.0).

Results

We screened 412 elderly and enrolled 337 (81.8%) who met
the inclusion critetia for the trial and agreed to participate
(Figure 1A). Most of the elderly who did not meet the
inclusion criteria (7 = 66) were excluded because they had
exercised regularly for 6 months prior to the screening, Nine
people who might have been eligible for the study declined
after telephone screening, Of the 337 individuals who were
enrolled in this study, 307 (91.1%) completed the 12-month
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Figure 1. (A) Flow chart showing the disposition of participants throughout the trial. (B) LLM after resistance training in the

robust and frail groups was significantly increased from baseline (P < 0.05), (©) The frail group had significantdy greate

ments in fear of falling (P < 0.025).
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