46 BARIEE 53885 D

K1 BEER

DM # (n=47) JEDM E (n=143) p &

Ei (%) 61.0 = 11.0 588 + 96 0.19
HE (cm) 1665 = 66 167.0 + 6.0 068
#E (k) 688 = 13.1 66.1 = 85 0.11
BMI (kg /m?) 246 = 40 236 * 25 0.06
BEFFERAE (B1)

B IE 40 109 0.23

JEERERE 26 93 0.30
HbAj. (%) 76+ 18 51 =03 <001
L EBEESE (TU/) 2272 + 1819 2816 = 305.3 028
EEEEHE (%) 498 = 119 523 = 107 0.20
HECEIRR 2R (B)

0#% 31 92 086

1# 12 40 045

2% 4 11 053
BERE B1) ,

ACE [E% 20 75 016

A T SRARHE 22 48 008

B M 14 56 0.16

THERSE 19 41 0.10

Ca Fbis 9 13 0.06

RIS 8 16 021

CqmpE 23

LYYy 18
FHE + R HEEE

BMI (Body mass index), ACE (7 ¥ ¥YF 7 V¥ VERER), AL (7VIy47v v 1)

®2 REBREHRNE SERERE BERREE

DM B (n=47) JEDM B (n=143) p 1
BHSBEENE (ml/kg/min) 243 = 45 271 + 44 <001
kR
BHEESHH Nm/kg) 1.75 = 0.37 193 = 041 <0.01
B8 (kgf) 38171 413 £ 78 0.02
FHAEE (B) 222 * 99 285 + 36 <001
BiAY —FEME (cm) 397 £ 47 406 £ 52 0.50
IR (%) 248 = 47 239 £ 41 0.21
TARE (k) 231 =38 219 + 29 0.05
B
% HRR (%) 791 = 161 856 = 182 0.04
4 HR (bpm) 66.0 = 135 754 = 16.3 <001
il + R

DM (Diabetes Mellitus), HRR (Heart Rate Reserve), HR (Heart Rate)
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RERE ®RD =030
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DEXARIIA2HREICHTIREES D (HHIHE
) FEDMEIVETLTEY, HHOENET
ELTWABDEEZLNTWS, KIEERTY,
AEEXDMEOFRZVWIZIEDLLY, BRELTOR
HEGHIDMEOFMET LTB Y BT+ XE
TR %EE), 72, Andersen 52 2k Bk, 2
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REHEBEHNICTLI% EESHETEHITHUOEE
RETE2BDLLTWD, IRLOHIETIE, FBER
FHREEOR 27 LHEEZRAD, ERFESITOBRED
SDMECHHIETORREZERFHEEESOEEL
|ELTVDS, &8, ZOMETELEOBHIET XA
ShTwhv, UEOZ Ehb, BREMREERET
X, THROBTHEIrOGRED, L)REMOBHET
BELLBLDEEZONTWS, KR TIITEGHO
BELLTEHES I LIARAL T, BB
BEOBHETOFREIRBETH S, £/, SHITER
FRBREEORELfToTWE WY, DMEICBITA
BHEGHETOEROKRFEIARTITH 5,

Zofl, Park 5% 3, BW2BDMBETR, ¥k
DM B L BB L C 3 EDBHEHBICB T TROGH &
FRABOEKTEEVZETHoEHEL TS, Z0
BELCBVWTIIDMBOH KT ORAEN 2 ERIZH
S5 ENT WA, Sarcopenia (IEMER WK EE)
PR A MLV EOBBRBHEL TS, IL6 %
TNFo % EREET A A4 Y i3RAR ORI E
HaiESE270, BRAEBLUHHET LEE D
ZrEZORTHS Y, DMEETIR, ChHIL6%
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hb,
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BOLNTVWE, —F, BH6 2 i3, 28 DMBED
RS A E o SR B R R R E T L A RERED
BB, BHREGHETEBEESHL I LE2HEL
TWh, FAFETIE, BRHEMEREOEELHET2
TXLARRHPEHEONE, BLUREOREEE
DA D TE TR WA, DMBEDNS Y ARIOET
KiE, THSERFAMEEEDEECRMES HOET
TS HOEBERIZL TV b DL EESN,

BEDZ L2, DM BEILEBSHAEUIC D Sk
BREOETEZHEDTVAI R, HHRNT v AN
R0 EEEREIMET A LEND S EEL LN,

3. DM BOEBMARETOER
DERBARHEL TV DM BE 0O BB EES
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FEhTws WY, 2oEPHEEOVETOERE L
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7R TIE, BB SOLREFES V., TOYE
i, BRICB L CERBEI RS IR EREOE RS
TG WATEEMEAH 5 = L icilz, DM BZ0Es e
DETIEE L28E 5D rofBERTBRNI L
LEFEZOND, L3 oT, EBWARICITERD
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{Abstract)

Determinants of Exercise Capacity in Acute Myocardial Infarction
Patients with Diabetes Mellitus

Koji HIRAKI, PT, MS, Kazuhiro P IZAWA, PT, MS, PhD, Satoshi WATANABE, PT, BS,
Yuji MORIO, PT, MS
Department of Rehabilitation Medicine, St. Marianna University School of Medicine Hospital

Yusuke KASAHARA, PT, MS, PhD
Department of Rehabilitation Medicine, St. Marianna University School of Medicine Yokohama City
Seibu Hospital

Naohiko OSADA, MD, Kazuto OMIYA, MD
Department of Internal Medicine, St. Marianna University School of Medicine Hospital

Setsu IIJIMA, MD

Graduate School of Comprehensive Human Sciences, University of Tsukuba

Purpose: Acute myocardial infarction (AMI) patients with type 2 diabetes mellitus (DM) have
decreased exercise capacity. The purpose of this study was to determine exercise capacity in such
patients.

Methods: One hundred ninety male AMI patients were divided into two groups, the DM group
(n=47) and the non-DM group (n=143). Peak VO3 as an index of exercise capacity was assessed by
cardiopulmonary exercise testing performed in each patient at 1 month after the onset AML

Results: Peak VO3 (24.3 vs. 27.1 ml/kg/min, p < 0.01), knee extensor muscle strength (1.75 vs. 1.93 Nm/
kg, p < 0.01), handgrip strength (381 vs. 41.3 kgf, p=0.02), single-leg stance time (22.2 vs. 285 sec,
p < 0.01), % HRR (79.1 vs. 85.6% , p=0.04), and 4 HR (66.0 vs. 75.4 bpm, p < 0.01) were all significantly
reduced in the DM group versus the non-DM group. Stepwise linear regression analysis revealed that
knee extensor muscle strength and 4 HR were significant predictors of peak VOg (=058, R2=0.301,
p < 0.01).

Conclusions: Knee extensor muscle strength and 4 HR may predict a reduction in peak VOg in AMI
patients with type 2 DM.
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Abstract: To detenmine self-reported sleep quality-related differences in physical activity (PA) and health-related quality
of life (HRQOL) and target values of PA for high-quality sleep in chronic heart failure (CHF) outpatients, 149 CHF out-
patients (mean age 58 years) were divided into two groups by sleep-quality level determined via self-reported question-
naire: shallow sleep (SS) group (n = 77) and deep sleep (DS) group (n = 72). Steps were assessed by electronic pedometer,
HRQOL was assessed with the Short Form 36 (SF-36) survey, and data were compared between groups. PA resulting in
high-quality sleep was determined by receiver-operating characteristics curves. All SF-36 subscale scores except that of
bodily pain were significantly decreased in the SS versus DS group. A cutoff value of 5723.6 steps/day and 156.4
Kcal/day for 1 week were determined as target values for PA. Sleep quality may affect PA and HRQOL, and attaining
target values of PA may improve sleep quality and HRQOL of CHF outpatients. Patents relevant to heart failure are also

discussed in this article.

Keywords: Chronic heart failure, health-related quality of life, physical activity, self-reported sleep quality.

INTRODUCTION

Sleep disorder in chronic heart failure (CHF) patients has
been documented in the literature [1-5]. Previous review
suggests increased mortality in patients with CHF suffering
from sleep disorder in contrast to those without sleep disor-
der [3]. Ng et al. [4] reported that sleep disorder severity was
most closely associated with the degree of abnormal ventila-
tory response during and after exercise in a group of stable
CHF patients. Moreover, patients with CHF often report
sleeping difficulties (e.g. initiating and maintaining sleep and
daytime sleepiness), and this is associated with decreased
quality of life (QOL) compared with patients without sleep
difficulties [5]. Particularly, excessive sleepiness may affect
education, employment, and interpersonal relations, and di-
rectly degrade QOL, particularly in relation to functional
capacity, health, and the sensation of well-being [6, 7].
Lopes et al. [7] previously showed that excessive sleepiness
and lack of physical activity affected the QOL of apoeic pa-
tients, which was worse among sleepy non-physically active
subjects and increasingly worse in the subjects with severe
apnea. Thus, sleep disorder may cause sleepiness and pre-
sumably due to increased sleepiness, it may be related to a
reduction in physical activity and health-related quality of
life (HRQOL).
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There are several methods for diagnosing sleep disorder
in CHF patients [3]: polysomnography, portable polysomno-
graph monitors, questionnaires, and techniques such as heart
rate variability [3]. Questionnaires have recently shown
promise in screening for sleep apnea. The use of question-
naires to identify patients with a high likelihood of sleep
disorder has been advocated in view of the limited accessi-
bility and cost of formal polysomnography. These question-
naires can provide an assessment of the degree of sleepiness
or wakefulness, and tools for the assessment of sleep disor-
der range from more subjective measures such as the Ep-
worth Sleepiness Scale (ESS) [8] to more objective measures
such as polysomnography [3, 9].

In the clinical setting, we often ask our CHF patients
about sleepiness in relation to their physical condition. Be-
cause we think that the amount of sleep a CHF patient gets
might influence their level of physical activity or HRQOL,
we pose questions such as “Do you sleep well?” and “How
was the quality of your sleep, shallow (poor) or deep
{good)?” To date, little is known about the determinants of
physical activity and HRQOL in relation to differences in
sleep quality in CHF outpatients. Therefore, we investigated
whether sleep quality is related to differences in physical
activity and HRQOL in CHF outpatients and whether there
is a target goal for physical activity that improves sleep qual-
ity in these patients. We thus hypothesised that shallow
(poor) sleep quality might be related to reduced physical
activity and HRQOL and could be evaluated by self-reported
questionnaire.

© 2011 Bentham Science Publishers
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The purpose of the present study was to determine 1)
differences in physical activity and HRQOL as related to
sleep quality and 2) to determine target values of physical
activity that would improve sleep quality and HRQOL in
outpatients with CHF.

METHODS
Study Design and Subjects

This was a cross-sectional study in which consecutive
stable CHF outpatients were selected from 979 cardiac pa-
tients with myocardial infarction, coronary artery bypass
grafting, valve replacement, or CHF who visited St.
Marianna University School of Medicine Hospital from
April 2006 to May 2009 for evaluation of self-reported sleep
quality as related to physical activity and HRQOL. From
these: 979 patients, 161 stable CHF outpatients who were
beginning a cardiac rehabilitation program at the request of
their physician or by their own volition were included in the
present study. The inclusion criterion was a left ventricular
ejection fraction (LVEF) below 45%. Patients classified as
New York Heart Association (NYHA) functional class IV
were excluded as were those who had neurological, periph-
eral vascular, orthopedic, or pulmonary disease Fig. (1).

Consecutive stable CHF outpatients were selected from 979 cardiac
patients with myocardial infarction, coronary artery bypass grafting,
valve replacement, or CHF.

Inclusion criterion: Left ventricular ejection fraction below 45%.
Exclusion criteria: Patients classified as New York IHeart Association
functional class 1V or with neurological, peripheral vascular,
orthopedic, or pulmonary disease.

. -

From these 979 patients, 161 stable CHF outpatients beginning a
cardiac rehabilitation program at physician request or their own
volition were chosen.

.

Sleep quality as related to physical activity and HRQOL was evaluated
with the SF36 form and a self-reported questionnaire.

a8

Patients were divided into two groups on the basis of their self-

reported evaluation of sleep quality.
Deep sleep (DS) group

Shallow sleep (SS) group
(n=17) (n=172)

Fig. (1). Diagram of patient selection process.

CHF: chronic heart failure; ESS, Epworth Sleepiness Scale;
HRQOL: health-related quality of life.

Clinical Characteristics of the Patients

We evaluated several patient characteristics, including
age, sex, body mass index, LVEF, NYHA classification,

Tzawa et al.

employment status, etiology of hcart failure, and medica-
tions. A cardiologist asscssed LVEF as the index of cardiac
function. An independent investigator determined NYHA
classification in all patients.

Self-reported Sleep Quality Questionnaire

First, we asked all patients to determine their quality of
sleep, i.e., whether their sleep was shallow (interpreted to
mean poor sleep) or deep (interpreted to mean good sleep),
in the past | week using the self-reported questionnaire. The
following question on subjective assessment of sleep quality
was embedded in the questionnaire: *“How do you assess the
quality of your sleep during 1 week: shallow or deep?” All
patients choose one of the two choices. We also evaluated
sleep quality using the Japanese version of the ESS [10, 11].
The ESS, widely used in many countries to investigate day-
time sleepiness, measures the propensity to sleep or doze
during active and passive situations commonly encountered
during the waking period. The ESS comprises eight ques-
tions. By summing the scores (ranging from 0-3) for each
question, total scores (0-24) were calculated. The higher the
total score, the more severe daytime sleepiness is considered
to be, and people with ESS scores of 11 or higher are con-
sidered to have excessive daytime sleepiness. In the present
study, after evaluation of sleepiness, we calculated the aver-
age ESS scores of the patients reporting shallow sleep and
those reporting deep sleep.

Physical Activity

We used number of steps and energy expenditure as the
indices of physical activity. These indices were estimated by
use of an electronic pedometer (Kenz Lifecorder, Suzuken
Co., Ltd. Nagoya, Japan). We chose this pedometer because
of the reliability and validity of the output data [12, 13]. The
Lifecorder records number of steps taken on the basis of
physical characteristics (age, sex, height, and weight) entered
by the patient. All patients were taught to put on the Lifecor-
der themselves and were instructed to use the Lifecorder 24
hours a day for 1 week from the time they received it, except
while bathing and while sleeping at night. At the end of the
1-week measurement period, the patients were asked to re-
turn the Lifecorder to us. For each patient, we calculated the
mean number of steps and energy expenditure in Kcal for
exercise performed daily over 1 week as follows: mean daily
step count = total step count / 7 and mean energy expendi-
ture = Kcal expended over 7 days/ 7.

HRQOL

General HRQOL was measured with the Medical Out-
come Study 36-item Short Form Health Survey (SF-36) [14].
The SF-36 consists of 36 items representing 8 subscales cov-
ering the domains of physical functioning, role-physical,
bodily pain, general health, vitality, social functioning, role-
emotional, and mental health. The SF-36 is a standardised,
generic HRQOL measurement instrument that has been vali-
dated in the general normal Japanese population [15, 16].
Multidimensional properties of HRQOL are measured on a
scale ranging from 0 to 100; lower scores represent a lower
HRQOL and higher scores indicate superior HRQOL.
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To compare scores to the normal Japanese population,
SF-36 subscale scores were converted into a deviation score
adjusted for sex and age based on scores of the Japanese
national norm [15, 16]. This is a mean score of 50 with a
standard deviation (SD) of £ 10. In the present study, a score
< 50 indicates that the score representing the specific health
concept was below that of the Japanese national norm after
adjusting for age and sex. The questionnaires were com-
puter-scanned and scored by the Public Health Research
Foundation (Tokyo, Japan) [16].

Ethics

The present study was approved by the St. Marianna
University School of Medicine Institutional Committee on
Human Research. Informed consent was obtained from each
patient (Approved no. 1480).

Statistical Analysis

Results are expressed as mean (standard error, SE). Pa-
rametric and chi-square tests were used to analyze differ-
ences between two groups (shallow sleep and deep sleep).
Because comparisons were performed between two groups,
the unpaired f-test was used to test for differences such as
~ clinical characteristics. To compare ESS scores, physical
activity, and SF-36 subscale variables between the two
groups, one-way ANCOVA with the variables as covariates

Recent Patents on Cardiovascular Drug Discovery, 2011, Vol 6, No. 3 163

was performed. Choice of covariates was guided by Chi-
square analyses and #-tests, which indicated significant dif-
ferences between the two groups in the clinical characteristic
of NYHA class. Receiver-operating characteristic (ROC)
curves were constructed by means of plotting true-positive
rates (sensitivity) against false-positive rates (1-specificity).
ROC curves were constructed after calculation of the sensi-
tivity for physical activity to determine the best cutoff value
to obtain deep sleep levels. The area under the curve (AUC)
was also calculated and shown with 95% confidence interval
(CI). A p value of < 0.05 was considered significant. Statis-
tical analyses were performed with SPSS 12.0 J statistical
software (SPSS Japan, Inc, Tokyo, Japan).

RESULTS

Subjects and Response Rate to Questionnaire and Physi-
cal Activity and HRQOL Assessment

Of the 161 patients, 12 patients were excluded due to
their failure to complete the self-reported sleep questionnaire
and/or because of insufficient data to evaluate their physical
activity and HRQOL. Therefore, the study sample comprised
149 outpatients who were divided into two groups on the
basis of sleep-quality level reported in the self-reported ques-
tionnaire: shallow sleep (SS) group, n = 77) and deep sleep
(DS) group, n="72).

Tablel. Clinical Characteristics of the Patients.
Group Shallew Sleep Group Deep Sleep Group tor i Value p Value

No. of patients 77 72
Age (yrs) 56.7(1.3) $8.7(1.6) -0.9* 033
Sex male (%) ' 86.5 81.2 12 0.26
BMI (kg/m?) 23.1 (0.4) 24.0(0.5) -1.2* 0.22
LVEF (%) 34.1(14) 36.6 (1.7) -0.9% 0.33
NYHA class VII/III {n) 28/32/16 39/26/7 7.8 0.02
Employed (%) 56.1 56.6 0.1 0.99
Etiology (%)
Cardiomyopathy 49.7 59.4 38 0.28
Previous myocardial infarction 23.8 15.1
Arthythmia 221 20.1
CABG/VR 6.1 54
Medications (%)
B blockers 72.0 82.0 0.77 0.59
ARB 52.3 492 0.52 0.44
ACEI 53.6 41.1 0.09 0.58
Diuretic 817 88.6 0.53 0.56

Values are shown as mean (standard error, SE) unless otherwise noted.

BMLI - body mass index; LVEF - left ventricular ejection fraction; NYHA - New York Heart Association; MI - myocardial infarction, CABG - coronary artery bypass grafting; VR -
valve replacement; ARB - angiotensin receptor blocker; ACEI - angiotensin converting enzyme inhibitor.

* t value,
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Clinical Characteristics between Groups

Patient characteristics are summarised in Table 1. Paticnt
Zharacteristics, including age, sex, BMI, LVEF, employ-
ment, etiology, and medications were almost identical be-
tween the two groups. However, NYHA functional class
differed significantly between the two groups (p = 0.02).

ESS Scores

ESS scores of all 149 outpatients were available for sta-
tistical analysis. After adjustment for NYHA class, the mean
(SE) ESS score in the SS group was significantly higher than
that of the DS group (8.05 [4.14] points, 95% CI: 7.19 -8.91
vs. 5.45 [0.44] points, 95% CI: 4.57 - 6.34, F = 17.30, p <
0.001).

Differences in Physical Activity between Groups

After adjustment for NYHA class, step counts in the SS
group were found to be significantly lower than those of the
DS group (5541.5 [296.5] steps/day for 1 week, 95% CI:
4957.1 - 6129.8 vs. 6811.4 [306.7] steps/day for 1 week,
95% CI: 6208.8 - 7421.3, F = 8.87, p = 0.003, Fig. 2). En-
ergy expenditure during exercise in the SS group was also
significantly lower than that of the DS group (162.2 [12.6]

“Keal, 95% CI: 136.6 - 186.7 vs. 198.6 [13.1] Kcal, 95% CI:
174.1 —225.6, F =4.39, p = 0.038, Fig. 2).

Differences in HRQOL Subscale Scores hetween Groups

The data related to SF-36 testing collected from the two
groups are presented in Table 2. After adjustment for NYHA
class, HRQOL as assessed by the SF-36 scores in the SS

(Steps) F =88, p=0003 (Koal)
10000 380
9000 340
8000 300
7000 260
6000 220
5000 fj: 180
4000 140
3000 | | 55415 120
2000 80
1000 40
0 0

Steps per day

3
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group was lower than that of the DS group, gnd there were
significant differences between the groups in all subscale
scores except for that of bodily pain.

ROC Curves for Physical Activity

The sensitivities of each cutoff value in the DS group
were calculated for both step count and energy expenditure
and were used to construct ROC curves Fig. (3). With ROC
analysis of deep sleep status, we identified a cutoff value for
physical activity of 5723.6 steps/day for 1 week, with a sen-
sitivity of 0.71 and 1-specificity of 0.48. The AUC value was
0.71 (95% CI: 0.623-0.791, p = 0.0001). In addition, ROC
analysis of deep sleep status identified a cutoff value for en-
ergy expenditure for physical activity of 156.4 Kcal/day for
1 week, with a sensitivity of 0.62 and 1-specificity of 0.44.
The AUC value was 0.65 (95% CI: 0.558-0.736, p = 0.0001)
in CHF outpatients.

DISCUSSION

The present cross-sectional study shows a difference in
physical activity and HRQOL that appears to be related to
the degree of sleep quality attained by CHF outpatients, sug-
gesting that differences in the level of sleep quality might
reduce both physical activity, as assessed by the number of
steps taken and energy expended on physical activity, and
HRQOL. We used a self-reported questionnaire to evaluate
sleep quality in which patients were able to choose between
shallow (poor) sleep and deep (good) sleep. The question
was very simple, and it would be easy to ask patients in the
clinical setting. We also evaluated sleep quality status with
the ESS instrument because it is well validated, and scores

F =439, p=0.038
L__f Shallow sleep group

E Deep sleep group

-

Energy expenditure

Fig. (2). Comparison of physical activity between the shallow and deep sleep groups in outpatients with CHF.

After adjustment for NYHA class, step counts in the shallow sleep group were significantly lower than those of the deep sleep group (5541.5
[296.5] steps/day for 1 week, 95% CI: 4957.1 - 6129.8 vs. 6811.4 [306.7] steps/day for 1 week, 95% CI: 6208.8 - 7421.3, F =8.87, p =
0.003). Energy expenditure during exercise in the shallow sleep group was also significantly lower than that of the deep sleep group (162.2
{12.6] Kcal, 95% CI: 136.6 - 186.7 vs. 198.6 [13.1] Kcal, 95% CI: 174.1 - 225.6, F = 4.39, p = 0.038).
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Table2. Comparison of SF-36 Subscale Scores as an Indicator of Health-related Quality of Life by Sleep Quality.
Group Shallow Sleep Group Deep Sleep Group F Value p Value

No. of patients 77 72

SF-36 subscales

Physical functioning 42.7(12) 48.4 (1.3) 9.53 0.002
(40.2-45.2) (45.8-51.0)

Role-physical 40.2 (1.5) 47.1(1.6) 9.19 0.003
(37.2-43.3) (43.9-50.3)

Bodily pain 51.4(L1) 51.8(1.2) 0.06 0.794
(49.0-53.7) (49.4-54.3)

General health 40.8(1.0) 47.5(1.1) 19.7 <0.001
(38.7-42.9) (45.4-49.7)

Vitality 43.1(1.1) 51.5(1.2) 244 <0.001
(40.8-45.4) (49.1-53.9)

Social functioning 42.4 (1.5) 49.2 (1.6) 9.3 0.003
(39.4-45.5) (46.0-52.3)

Role-emotional 42.7(1.5) 48.3 (1.6) 6.4 0.012
(39.8-45.7) (45.2-51.4)

Mental health 45.6(1.1) 51.8(1.2) 142 <0.001
(43.3-47.8) (49.4-54.1)

Values are shown as mean (standard error, SE), (95% confidence interval). Independent variable of analysis of covariance: New York Heart Association class.

from several subject groups have been published [8-11]. Be-
cause ESS scores in our study were significantly different
between the two groups, we thought that the ESS, as an indi-
cator of the degree of daytime sleepiness, reflected the sleep
quality status of CHF outpatients equally as well as did the
self-reported questionnaire. As a more subjective indicator of
daytime of sleepiness, the ESS score increases as the shallow
(poor) sleep quality in CHF outpatients becomes more se-
vere.

Because clinical characteristics of the patients were al-
most identical between the two groups, these parameters
might not influence physical activity and HRQOL. However,
more patients were identified as NYHA functional class II or
I in the SS group than in the DS group. Itoh et al. previ-
ously reported that both peak VO, and NYHA functional
class are related to symptom scores and prognosis in heart
failure patients [17]. They reported that peak VO, is ex-
pressed as a percentage of predicted values determined, and
as a result, % peak VO, decreases significantly, with increas-
ing severity of disease. In other words, peak VO, decreases
as NYHA functional class increases. In the present study,
after adjusting for NYHA functional class, step counts and
energy expenditure for physical activity in the SS group
were both significantly lower than those in the DS group Fig.
(2). Thus, shallow (poor) sleep quality in CHF outpatients
might influence a reduction in step counts and energy ex-
penditure for physical activity.

As another important outcome of the present study, after
adjusting for NYHA functional class, all subscales of the SF-

36 for the assessment of HRQOL except for that of bodily
pain were also significantly different between groups in rela-
tion to sleep quality status Table 2. Compared with the nor-
mal Japanese population, our CHF outpatients in the SS
group showed a global reduction in HRQOL as measured by
7 of the 8 SF-36 subscales. Thus, shallow sleep status may
have an influence on poor HRQOL. Although the most pro-
nounced loss of HRQOL was observed in the domain of role
limitation because of physical problems, SF-36 subscale
scores relating to mental status such as social functioning
and role-emotional were also low. Thus, poor HRQOL might
be indicated not only by scores relating to the physical but
also the mental state. Interestingly, the SF-36 bodily pain
subscale score did not differ significantly between the two
groups, and the score for this parameter reached levels seen
in the normal Japanese population. The possibility exists that
sleep quality status in our CHF outpatients had no influence
on the SF-36 bodily pain subscale score. This finding is con-
sistent with that of an earlier study [18]. Thus, we surmise
that the bodily pain subscale may not be appropriate for the
evaluation of CHF patients with sleep quality issues. Lopes
et al. [7] also showed that excessive sleepiness and lack of
physical activity affect the QOL of apneic patients, which
was worse among sleepy non-physically active subjects and
increasingly worse in the patients with severe apnea. Shal-
low sleep quality may cause sleepiness, and presumably,
increased sleepiness may be related to a reduction in physical
activity and HRQOL.
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Fig. (3). ROC analysis of physical activity in the deep sleep group.

Sensitivities of each cutoff value in the shallow sleep and deep sleep groups were calculated for both step count and energy expenditure and
were used to construct ROC curves, Using ROC analysis of deep sleep status, we identified a cutoff value of 5723.6 steps/day for 1 week for
physical activity, with a sensitivity of 0.71 and 1-specificity of 0.48. The AUC value was 0.71 (95% CI: 0.623-0.791, p = 0.0001) for physi-
cal activity. ROC analysis of deep sleep status identified a cutoff value for energy expenditure of 156.4 Kcal/day for 1 week for physical
activity, with a sensitivity of 0.62 and 1-specificity of 0.44. The AUC value was 0.65 (95% CI: 0.558-0.736, p = 0.0001) for physical activity

in CHF outpatients.

Using ROC analysis of physical activity in the DS group,
we identified cutoff values for physical activity of 5723.6
steps/day and 156.4 Kcal/day for 1 week in CHF outpatients
Fig. (2). These might be appropriate target values for step
count and energy expenditure that may result in improve-
ment of slcep in CHF outpatients. Regarding physical activ-
ity and long-term prognosis, Walsh et al. [19] previously
reported that a reduced level of daily activity is a strong pre-
dictor of death in CHF and appears to be a more powerful
predictor than the results of laboratory-based exercise tests.
They also suggested that from daily activity measured by
pedometer, a cutoff value for step count as a predictor of
mortality was over 25000 steps/week. This results in a step
count of 3571.4 steps/day for 1 week. The step counts in our
study were higher compared to their results, and achieving
the step count target value shown in the present study might
favourably affect mortality in our CHF outpatients.

Savage et al. [20] previously reported that the average
step count measured by pedometer on days patients attended
cardiac rehabilitation was 7387 steps at the beginning of a
phase II rehabilitation program. In addition, Ayabe ef al. [21]
suggested that to achieve the total amount of energy expen-
diture for physical activity generally recommended for the
secondary prevention of cardiovascular disease, patients
should be encouraged to accumulate 6500-8500 steps/day
(200-300 Kcal/day). Thus, physical activity of the subjects in
the present study was less than that of these previous studies.
Because step counts in CHF patients are reduced according

to the severity of the disease, we were not able to compare
our results directly with the results of these previous studies;
however, the step counts indicated in these previous studies
might also be appropriate target values to achieve the energy
expenditure recommended for secondary prevention in pa-
tients with CHF.

Study Limitations

There are several limitations to the present study. First,
diagnosis of sleep quality status cannot be made with the
self-reported questionnaire and the ESS. Use of these ques-
tionnaires in the present study may weaken the evaluation of
sleep quality status in comparison to other methods such as
polysomnography. However, the ESS has been shown to be
a reliable and valid instrument for screening symptoms of
sleep quality in general internal medicine patients and others
(3, 10, 11]. The second limitation is the cross-sectional de-
sign of the study. It would be highly desirable to document
longitudinal change in physical activity for sleep quality and
HRQOL in patients with CHF, and evaluation of the effect
of improvement in physical activity and HRQOL over the
long term after improvement in sleep quality is necessary.
Finally, the sensitivity values we chose, 0.71 for deciding
physical activity needed for our CHF patients and 0.62 for
energy expenditure, may not be considered high. Despite
these limitations, we believe the findings of the present study
are important because the sample size was adequate to yield
significant results from the test instrument scores.
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CURRENT & FUTURE DEVELOPMENTS

Sleep quality may affect step count and energy expendi-
ture for physical activity in CHF outpatients. In addition, all
SF-36 subscale scores except that for bodily pain were sig-
nificantly lower in patients reporting shallow sleep than in
patients reporting deep, quality sleep. Cutoff values of
5723.6 steps and 156.4 Kcal were determined by ROC
analysis to be target values for CHF outpatients to attain im-
proved sleep quality. Future studies will need to be con-
ducted in longitudinal settings and for longer periods to
evaluate the effect of improvement of sleep quality on the
increase in physical activity of patients with CHF, and long-
term follow-up will be required to evaluate whether these
benefits continue over time.

The prevalence of poor sleep quality relates to reduced
physical activity in CHF patients, and it has negative impact
on their reduced HRQOL. Therefore, we believe that as-
sessment of sleep quality and appropriate treatment should
be routine practice in the clinical setting of cardiac rehabili-
tation. Interventions should also be planned to improve the
quality of sleep in CHF patients when inadequate sleep af-
fects the physical activity and/or the QOL of these patients.
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CHF = Chronic heart failure

PA = Physical activity
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DS = Deep sleep

SF-36 = Short Form 36

QOL = Quality of life

LVEF = Left ventricular ejection fraction
NYHA = New York Heart Association
ESS =  Epworth Sleepiness Scale

AUC = Area under the curve

CI = Confidence interval

ROC =  Receiver-operating characteristic

Recent Patents on Cardiovascular Drug Discovery, 2011, Vol. 6, No. 3 167

REFERENCES

{1] Kwok, J., Brockway, M., Lee, K., Ni, Q., Pu, Y., Stabmann, J,
Zhang, Y., Hartley, J. Method and system for heart failure status
evaluation based on a disordered breathing index. US7766840
(2010).

[2] Pu, Y., Gropper, C., Lin, D. Detecting sleep disorders using heart
activity US20100204586 (2010).

[3] Ng AC, Freedman SB. Sleep disordered breathing in chronic heart
failure. Heart Fail Rev 2009; 14: 89-99.

4] Ng AC, Davis GM, Chow CM, Coats AJ, Sindone AP, Freedman
B. Impact of steep disordered breathing severity on hemodynamics,
autonomic balance and cardiopulmonary functional status in
chronic heart failure. Int J Cardiol 2010; 141: 227-35.

(51 Brostrom A, Strémberg A, Dahlstrom U, Fridlund B. Sleep diffi-
culties, daytime sleepiness, and health-related quality of life in pa-
tients with chronic heart failure. J Cardiovasc Nurs 2004; 19: 234-
42.

61 Jean-Louis G, Kripke DF, Ancoli-Israel S. Sleep and quality of
well-being. Sleep 2000; 23: 1115-21.

N Lopes C, Esteves AM, Bittencourt LR, Tufik S, Mello MT. Rela-
tionship between the quality of life and the severity of obstructive
sleep apnea syndrome. Braz J Med Biol Res 2008; 41: 908-13.

8] Johns MW. A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep 1991; 14: 540-45.
9] Sleep-related breathing disorders in adults: Recommendations for

syndrome definition and measurement techniques in clinical re-
search. The Report of an American Academy of Sleep Medicine
Task Force. Sleep 1999; 22: 667-689.

[10] Takegami M, Sokejima S, Yamazaki S, Nakayama T, Fukuhara S.
[An estimation of the prevalence of excessive daytime sleepiness
based on age and sex distribution of epworth sleepiness scale
scores: a population based survey]. Nippon Koshu Eisei Zasshi
2005; 52: 137-45.

[11] Takegami M, Suzukamo Y, Wakita T, Noguchi H, Chin K,
Kadotani H, et al. Development of a Japanese version of the Ep-
worth Sleepiness Scale (JESS) based on item response theory.
Sleep Med 2009; 10: 556-65.

[12] Schneider PL, Crouter SE, Lukajic O, Bassett DR Jr. Accuracy and
reliability of 10 pedometers for measuring steps over a 400-m
walk. Med Sci Sports Exerc 2003; 35: 1779-84.

[13] Crouter SE, Schneider PL, Karabulut M, Bassett DR Jr. Validity of
10 electronic pedometers for measuring steps, distance, and energy
cost. Med Sci Sports Exerc 2003; 35: 1455-60.

{14} Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health
survey (SF-36). I Conceptual framework and item selection. Med
Care 1992; 30: 473-83.

{15] Fukuhara S, Ware JE Jr, Kosinski M, Wada S, Gandek B. Psycho-
metric and clinical tests of validity of the Japanese SF-36 Health
Survey. J Clin Epidemiol 1998; 51: 1045-53.

[16] Fukuhara S, Suzukamo Y, Bito S, Kurokawa K. Manual of SF-36
Japanese version 1.2. Public Health Research Foundation: Tokyo
2001.

[17]  Itoh H, Koike A, Taniguchi K, Marumo F. Severity and patho-
physiology of heart failure on the basis of anaerobic threshold (AT)
and related parameters. Jpn Circ J 1989; 53: 146-54.

[18] Izawa KP, Watanabe S, Omiya K, Yamada S, Oka K, Iijima S,
et al. Health-related quality of life in relation to different levels of
disease severity in patients with chronic heart failure. Journal of the
Japanese Physical Therapy Association 2005; 8: 39-45.

[19] Walsh JT, Charlesworth A, Andrews R, Hawkins M, Cowley Al
Relation of daily activity levels in patients with chronic heart fail-
ure to long-term prognosis. Am J Cardiol 1997; 79: 1364-9.

[20] Savage PD, Ades PA. Pedometer step counts predict cardiac risk
factors at entry to cardiac rehabilitation. J Cardiopulm Rehabil Prev
2008; 28: 370-7.

[21] Ayabe M, Brubaker PH, Dobrosielski D, Miller HS, Kiyonaga A,
Shindo M, ez al. Target step count for the secondary prevention of
cardiovascular disease. Circ J 2008; 72: 299-303.

—524—



WapmEy $£38%5 65 436~ 441 H (20114F)

HF R

B ER LT SE L2 EE OAEERE BT 5 EE AR &
ZFOBEEROBE "

Tl oraEn? g

w2 @A oK?

wm K EmEE? kE-— AY

£

[B] AB%o R, BE0Re CHP BEOEBHARLBEENCHAEL, BEERER (CKD)
&8 CHF B2 0EHMAREEERICOWTHLMIT S I & Th b, [HEE] B CHF BE 11952 5 R IS
S AERAIGES (eGFR) %312, A% (eGFR60 BLL), BEE (eGFR30 BAE 60 i), C# (eGFR30*
) O3EICGRIL, EBHARBLIUCLTRGIE KL, S52B-CH# (CKD#) OEBEEN
EEE R L [E5R] B0 3 BE oK TS, EEHAE BEEST, BN eGFR A&
BECABIEER R Lz & 512, CKD BoEBHAEEER % EERANICTRE LR, BRAES
J77& eGFR (R = 068, R? = 044, p < 0001) 2% &hrz. [#58] CHF BE T, BERBETICL IR
VEBRABIIE T L7 372, CKD &4k CHF BEOEHHAREEERIC, BMEMHTIE L BICeGFR

AR S iz

¥—-7—F EBEAE BETER BEOSE

& U &I

18 % ¥ % (Chronic Kidney Disease : CKD) I,
2002 FEC K ETFBEFICE o TEHR I, EFEERITE
RLUI-EEESTH S, BREOCE/E, HEICETEA
NEDOEWBIEFTERL, LMERBEEDIAZ T T
7 H LB EMEESNTVSE, 2P TH, B
DB ISRRABENICEELZEDY D ), BHRR
EERERTACIEREOTFREEET LI EPL,
bws LLEEE] &) EasREshcns Y,

* Determinants of Exercise Capacity in Chronic Heart Failure
Patients with Chronic Kidney Disease
TS ERRY A 7— 3 VB
(F 214-8525 JIGHE BERFWAR 1-30-37)
Chiharu Hotta, PT, BS: Department of Rehabilitation Medicine,
Kawasaki Municipal Tama Hospital
W) 7 Y FEMAERRINEYF—Ya v
Koji Hiralki, PT, MS, Satoshi Watanabe, PT, BS, Kazuhiro P. Izawa,
PT, PhD: Department of Rehabilitation Medicine, St. Marianna
University School of Medicine Hospital
W) 7 v FERREEH - SILEAR
Takashi Yasuda, MD, PhD: Division of Nephrology and
Hypertension, Department of Medicine, St. Marianna University
School of Medicine :
B 7 v ERREERBAR
Naohiko Osada, MD, PhD, Kazuto Omiya, MD, PhD: Division of
Cardiology, Department of Medicine, St. Marianna University
School of Medicine .
# E-mail: chiharu-tanaka@marianna-u.ac.jp

(%f+H 2011438 31 H %A 201147 A 27 B)

1

~

2

=

3

=

4

=

B4 (Chronic Heart Failure : CHF) B#E (I,
AREN BV TESE 2,000 o8N Lt), 2008 412
62688 NMIELTW5, B bERILEICLY, CHF
BERHT L FRESATEY P, TOTFHEEELA
BOBECH B, CHF BZICB VT, CKD i3 600 ~
779% VY &, EWERICAHT S EAFEAN L ) HES
NTV5, %512 Hillege 5% 17, CHF BEOFHIC
BWT, HELEKMAKEEE (estimate glomerular fil
tration rate ; eGFR) X ACE FHE# WAk, New York
Heart Association (NYHA) /D#ESHH, A EIRH R
(left ventricular ejection fraction : LVEF) £ 1) $3Hw
FREEHFTHLEHRELTB Y, B CHF I
MEWCEELEZ AW RENEE SN TS, —7,
CHF BE0EBMERIE, FHPEZO QOL LMD
HHrIZ DD, TORBERCETERBOREEIZONT
SFFETHRESNTWS Y, LaL, CHF &EICH
WTEBBOEZENESREEICSAIEE BLUT
OBEEERIZOWTHE L7z 0z,

FITABEDOERIE, CHF BEOEHHERLE
BEENICAET AL EDIZ, CKDEZAHLACHF A
ZITBT A EEWFEBEEER IOV THAMNCT LI L
TH5b,

—525—



BEERAS SR OERHEFR L £ OBEER K 437

HRBLVFHE

|5 oF-

xF%iE, 2003481 A4S 2009 46 9 Az, m|wy
TV FERKERRIGODAERBEEINICAREL, B
DAL T OB E B & W A BX (Cardio pulmonary
exercise test ; CPX) ZHfTL7-BE1196CTH 5, B
ME#EL, CPXHICLERLEOBLSLIEHEAERZ
ROER, BRRTENARME 10 RFOESF, m
WRBEZ G LIER, HREMBEEZHITLTYS
JEFE Lo

% E %, eGFR (ML : ml/min/173m?) # %12,
A B (ECKD # ; eGFR60 L\ ), B# (GFR W&
KT8 ; eGFR30LL L 60KH), CH (GFREEKTE
eGFR30 i) LE#&L, 3BIEN L2 T/, CKD
&0t CHF BB T 52 EEHAROBEEER 2 M5ty
LRI, BEHEELCHEHZOY, [CKDE] tEE L
B, CKDETIEeGFRA3» RN EICh Y
60 ml/min/1.73m? SRHAFEFEL TV 5 2 & 2 RER L7

2. RERECRE

FEFEIR, BV 7 v FERRFEMGRHEZREOK
BERTEBLZ RRETHE 3405). AFEOSM
KERL, HRFICHEOBE, NE, BLURERROD
BYHBAFCEH L CHELAREZR .

3. #4& - WEEH
1) BEE=R

MEEB I, F#h, HE #E, Body Mass Index
(BMD), MmEAfbFEwEME (F2 V7 F = [Crl,
eGFR, ~EZ7u ¥y [Hbl, BHEF FVU T AFRERT
F F [BNP]), LVEF, NYHA [MEfea03E, HBEAR,
RERREE Lz 2SIV TIE, CPXER—HBD
LARZOEED D DEZZEILEL Y BHFEANICHRE
L7,
2) BEBRFENE (peak VOy)

BEREEDLAEREROIRICT, BHEEILVI A —
% (LODE #:#!, CORIVAL400) #HW/-EERAEME
CPX # M7 L7z CPX 1%, 3B OEEHBRIC, 3408
DOF-E W watts DT+ —I VST oS, FDHE6
BT watt TOHEMNT 5 ramp BF# Hv7-70 b
IVIZTER L7z, CPX Fid, EBEWREBRERE (7
7 ¥ EFHE, ML5000) 12T, L%, ST-TZELB
JUREROFELERWICERL, 2FELEX
158BICREsk L7z, MEDOHEEIX, BEMER (H&Ra—
Y o3&, STBP780) ICC 14 EEICIEERESHEL
Too EEAWRBR TEEIKREAR-VEEESOHFIE
i D 2WETREOMIL, H5VEEFOEMC b

b o TEEENEOHEMERD RV, leveling off DIR
L Lo BMRTRIE, 7—UYr¥y Y iRt
PR CEENEMHT 5 0% F CTRRAT A5 &2 T L
720 WERA ADHIIRREN AGHEE (3 F PHEHE,
AE-300S aero monitor) % fiV>, breath by breath #£C
EREH ST % TR, MER O VO, DREE% peak
VOy & LCHEM L7 (ml/kg/min)o
3 ETEHN |

THREBEHEESGH, LEESENERELL. WHEIR
EHIC, CPX ER—HBICHEZERL 72, BENFE
ZOWTIRMTICRT,
1) BESH

SHM TG IWEEE (Biodex #8, SYSTEMS2®)
AV, BHESHENEL:, BTRcEr® &
SEE, B0 DB THY, kg, JEI KEHE
ATy FTEHE LR, |tV y FIZHEO FHEAMH
10 cm CEE L7z BESIE 0~ 90° OB CRUE o
TAUENRZREL, 3 EH® warming-up % 1T - 72112,
FRIE 60°/sec DHEHEE L FT 5 B E Lo BER
REAMBEOV 7 by =7 E2FEVERL, BONALRRE
HEFHEBRETHLE Nm/kg) ML
(2) BH

B XM ERE D E (Sammons Prestons £ 8,
Jamar® Hand Dynamometer-5030J1) # Fivy, @l L
Fro HATHRFEICHEL Y, WEBAnE, FEGL, MBI M
90°, BIMiFRRIMLICCERBAZER2EMEL, EEDO&
KEOFHME (kgf) AL,

4. HHEHnz

eGFR 22T ER L7 3EM O LB, NYHA L8
BB E, EBRE MERRC S HREE, EREOH
5 N7 d o 72 Cr, BNP 2 Kruskal-Wallis R € % # 54
L7z ERBEOB LN ZDMOBECIZ—TREES#
SR B, ZEINEICIE Bonferoni DREZ H V72
¥/, CKDEZW&RELZ, EBHHAREZOBREE
Ho#etizid, Spearman DHEREEAF Yy 7TA4 X
BERFESFTZH . BHICIE, SPSS 120] (SPSS
Japan, Inc, Tokyo, Japan) R L, HerEHEEH
FEDFKMEZ, 5% KL Lz

#® R

1. BEER

eGFRICX Y EEEHIER L7- SHHMOBETRD
&2 R1ICKRT. F#, Cr, eGFR, Hb, BNP &3
HEICESRZHED, eGFRMVEMELRFEIZE, FiE,

Cr, BNPRABIEL, HhRABCE,o7 (<

0001)o %72 NYHA LHEREGEOLLE LD, eGFR 2%
BEWBEZEOALEEEEDBVWEDORIEIE o7 (p =
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438 BEEES H38EEES
x£1 ERENOBEEROHEK
A BH# C#® pfE
3E CKD B GFR &S TE  GFREEERTH
(n=54) (n=52) (n=13)
£ (%) 484 = 128 629 = 120 697 = 7.3 < 0.001
BMI (kg/m?) 253 = 57 247 = 36 219 =22 0.06
Cr (mg/d)* 0.85 116 244 < 0001
(055-1.04) (0.95-1.78) (1.81-461)
¢GFR (ml/min/173 m?) 796 = 135 495 = 8.1 220 = 54 < 0001
Hb (g/d) 147 £ 16 135+ 15 113 = 17 < 0001
BNP (pg/ml) * 679 1335 2130 < 0001
(40-518.0) (4.0-15775) (774-1190.0)
LVEF (%) 380 + 137 385 = 16.1 304 = 130 028
NYHA MEfESHE (B 33/20/1 21/21/10 1/8/4 0.001
(I/1/1m
EEEEB GERED
B RS 6 10 4 0.070
LSRR 4 11 2
B IE 1 0
FEENR 3 0
PRRRL MR HE 40 24 7
MRIE GEFIED
B BT 44 33 8 0.086
FIFRIE 42 48 12 0.079
ACE HEX 34 24 0.006
ARB 19 25 0.068

*Cr, BNP idHsf (B/ME—BAME), IS ESEsBEREEZTRT.

CKD : chronic kidney disease, GFR : glomerular filtration rate, BMI : Body mass index, Cr: mFs V7=,
eGFR : estimate glomerular filtration rate, Hb : ~E€ 7 T ¥ >, BNP: Wi+~ ¥ LFRA~ATF K, LVEF :
left ventricular ejection fraction, NYHA : New York Heart Association, ACE * angiotensin converting enzyme,

ARB : angiotensin II receptor blocker

92 BB peak VO B X U E TR OLE

AE BE (oF ::- pfE
3k CKD B GFRH%EHKRTH GFREEETH
(n=54) (n=52) (n=13)
peak VOy (ml/kg/min) 227 = 41 198 + 58 153 + 38 < 0001* 1 §
BERESH (Nm/kg) 1.99 + 040 174 = 038 141 = 030 < 0.001* 1 §
B (kgh) 438 + 88 374 +78 338 =57 < 0001* §
Tl « BHERELRT.

CKD : chronic kidney disease, GFR : glomerular filtration rate
¥ ABEvsBE (p<005), 1 :BEvsCHE (p<005), § :ABvsCH (p<005

0001) o RERILTIX, ACEHEEDATHEEEZRD,
eGFR &\ 3 ¥ ACE FHEEZWIR L T 2 HIE K
otz (p = 0006).

2. EBTZRES L U O g

IWMOEHWAR BIOLTESN (RERESH,
BH) AHBLERER2IORT, EHWHER B
B, BhkeThnd, SEEICENREZRD @<

0001), ZEREICBVT—BErREFHBMIILARE
20, eGFR MEVWETHERITEKEEZRL .

3. CKD &t CHF BZ 0846k & BEER ORE

peak VO, & H#EFORBHR%E, HAEECTHRE LHR
%3 310F 3. CKD &8k CHF BE12B\ T, peak VO3
1348, Hb, eGFR, BNP, B{HEHH, BHLAEZ
%D (p<005)o BEXY, peak VO, Z R
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=3 CKDE5II5 peak VOy & ZHETHOME

FHBIEREL
(r)

Fn - 047 *
BMI 0.22
eGFR 052 *
Hb 044 *
BNP - 050 *
LVEF 0.17
k)il 058 *
Bh 049 *

*p <005

CKD : chronic kidney disease, BMI : Body
mass index, eGFR ® estimate glomerular
filtration rate, Hb: ~ € 7 1o ¥ ¥, BNP:
BtEF MY Y AFRARTF F, LVEF ! left
ventricular ejection fraction

%4 CKD #IIBIF 5 peak VO & ERFOEEFHH

B p

EHG - 017 0.14
eGFR 027 0.02
Hb 0.04 0.75
BNP - 015 017
MRS 051 < 0001
Bh 027 0.05
EMBHEY [R) 068
HERE RY 044

CKD : chronic kidney disease, eGFR : estimate
glomerular filtration rate, Hb : NEZ 1 ¥, BNP:
BiEF MY T AFRRTFF

B, MyEHFRZELL-EAHETREO-EBEL, E
EIR 59 % WifT U720 Z DR, peak VO, DEEER
LT, BMESHE eGFR (R = 068, R2 = 044, p <
0.001) FHH S (E4),

% &=

AHFZED BHE, CHF BE OB 458 = Bikaes
ICHAZEL, CKD Z&4F L7 CHF B&F BT 5 EFW
BROBEZRZHLPIITEHILETHE, BEFR,
ETESHOBERENOLE, X CKD &P CHF
BECBTHEGWERL ZOBHEERICOWTUTIC
Z8YT 5o

1. EREERIER L7 3RBOLE

<BEER> .
BEERZEREIICHRELLER, TREFSETT

513E, Hb 3AEITEL, F#, BNP ZARICEVE

RTholz

CKD BETIY, BTHIY AUKRIF vV EEETI
Iy, (BHEMm] 25323 rrmohcsy D, B
BEEORETHS GFRIL, MBLEDICETTLZ L
FREEhTWS Y, 72, BNP I3 CHF OEREERKE
ELTECHVORTYLS Y, BREBETIC X ) BRN
WEHN, WELASOBBECHEBEL 25 I LIHES
nTws O BEXY, AFEROBEFRICBTS
Hb, 4#, BNP OERE, BEEETHAORBLE
Z oz, F/-NYHA LEESEORE LY, eGFR
PEVEE LR REREEOBWEDOEENE Do 7
CREETHEY LA —BLERBTHEIERD,
BEEETICE b %) CHF 0ER{L:, BEFEROK
HMO—OTH DL BDbNT,

< EFESH>

CHF BZ2BWT, LTREHOBETDH 3 BHE
BHHLENE, EREFECEEAECET L.

WROBEY, AFEONREIERESETT213L
BRI BEAERLTVA D, BHEEETICES b
TRGHOETSEBOREL S - THREIEECE
Bwve LAL, KHS P eusunsit (F370%)
DBMES T % 23 Nm/kg LBRELTHY, KHFED
CKD #7213 CT%<, JECKDE (F¥H48%) TH->T
LREEE KL CHHET 2807,

—%, Izawa & ¥ 13, CHF BECB T 2EREND
BEHARS L O LTRSS, BEEECEMVETTS
ZEEHREL TS, BEERLY, BERETECE
WTERE CHF BEOHEFEZEVWI LITRENTVWE Z
Lhb, ETEGHOETIX CHF OEREI & 5 HE
BRI TRENEL b, B THRICBVTE
¥R CKD BZOTHGHIE, FAEROBREE L L
BETFLTWAZ EREshTws W, ckD s
BUAHHETORRE LTI, $BFA, BHOMEE,
RALREE, RRE~—7— 0T, SEEHET 2 OB
EROMESHEShTYE O, LilL, AFETI
CRLEEEERT ABECOVTIREMEL TV
L, BiEEE LTRSS HOBRICOVCHECS
FTHIEWETERY,

BLEXY, KFFENSEO ETHGHET RO
WLy, CHF 0EEESCEREETORENESLT
WiEHDEEZ LN,

2. CKD &8 CHF BZ25) 2 BRI AR L 20HE
EEOME

CHF BEDEB AR, BRESETT2ELE

FIIEER R Lo %72 CKD &5k CHF BE 23212,

ERHAROMEERL R LRR BEEGH L

eGFR Sl s hrzo

Clyne 5 '” 13, GFR & EBRARICEOHEYS 5
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ZEEHREL TS, CKD A& CHF AEDEHHE
SRR & BA CRE LR, SEBT A B
B LHEDDH HIGE (Hb, W, BNP) LHFEER
BDize THOZ LN, EHHERET 2 HROICET S
kY, ZOBBERICS eGFR 2SHIH & /e
WREMD D 5o LA LA ERAE L-REMMC S, L
DIIRRECHBMEER T, BHHORH & v o 2B
BICEVEHL, »oEBRHARCEELBIIZLES
BERFSHET b SHRITSLICHELZHPL, LY
SEENCRET B LEDRD B,

¥ 72 564TRF%E & ) CHF B%, CKD BE &4+ D&
WERICBVT, HHRBESREEROOLDEEX
SRTV3 B9 %612 CKD BHIC BV TEIMEE
BRAROMEIRS CRESNT VLY, —EDREIE
BoRTWAV, CKDZEAA FY X0, BHEno
BIREEX, HhETIO~ 12 g/dl2Eivohs & ih
Twi, BEFELY, CB (GFREEETHE) 0B
T 5 Hb FHEIX 113 g/dl TH h, KWFFED CKD BHE
BWT, BMIIBRETHo-EFHIEN 5, Leikis
52 41, o 7%\ CKD B & 55 SEEH 2 B K
TOBEERZREL, THRENICEET 22 LFEE
THHEHELTBY, FHELAROBRLRLT
%o JEENT CKD BEI BT 2 EBWENEE R L
Wb FNITHBA, BITHETIL CKD BE+ 1%
CEEIFEA AR T, HHREC LD EBRE RIS
BT LA RESRTWLE ), T Eh s, CKD
8 CHF BEZEILBWTUNEY F—Ta VAAILL S
HHBALDO BEWITRIE S iz,

3. ABIEOBEREER

B Bh, CHF BEIIBWTEEBESMETLT
WhHER, EHRARIZT TR ETESIOKTEZE
BDTWB I ehsb, BERENARIILES R L T
THULERHLEEL LN, 851, CKD#&HL
72 CHF BE 0OEHW AR, BMHELI L eGFR 29
NLAMEERE L CHHEEIN-Z Ehn, ERHER
OEBTHBEEXBCEIH I L —= v F2FTA2 L
PERE RBEEND B, Tz, BERENARICIT
BB DEH T ALEENRB SN, 55K, SH
HHINZBHERG L eGFR DAL DOBERDED
BERTTLLEDWERCEELE L5200, EEH
LREEEERF LT BERH L EEZ DN,

4. BFFEDOMRSR

BREBICX OV NREL R LER, £ CHF E
EEZEDBEERERICERZEL, BREEGOR
BeRATAHILDPHL o7, FRIISLIHRER
BelL, ChooRBERAL TORMPLETH S,

= B

CHF BETid, BRBETICE D2 VWERNEES
IUETEBIIET L7ze 72, CKD &6F CHF &
BOEHMAROMEERE LT, BREHHELDBIC
eGFR A3l S iz,
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Determinants of Exercise Capacity in Chronic Heart Failure Patients
with Chronic Kidney Disease

Chiharu HOTTA, PT, BS
Department of Rehabilitation Medicine, Kawasaki Municipal Tama Hospital

Koji HIRAKI, PT, MS, Satoshi WATANABE, PT, BS, Kazuhiro P. IZAWA, PT, PhD
Department of Rehabilitation Medicine, St. Marianna University School of Medicine Hospital

Takashi YASUDA, MD, PhD
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Medicine

Naohiko OSADA, MD, PhD, Kazuto OMIYA, MD, PhD
Division of Cardiology, Department of Medicine, St. Marianna University School of Medicine

Purpose: The purpose of this study was to investigate both the exercise capacity of chronic heart
failure (CHF) patients exercise capacity according to renal function and the determinants of exercise
capacity in CHF patients with chronic kidney disease (CKD).

Methods: The study population was comprised of 119 male CHF patients. Patients were divided into
three groups according to their estimated glomerular filtration rate (€GFR): group A (eGFR = 60),
group B (30 = eGFR < 60), and group C (eGFR < 30). After dividing the pétients into groups, exercise
capacity and knee extensor and hand grip muscle strength were compared among the three groups.
Furthermore, groups B and C were defined as the CKD group, and relevant factors related to exercise
capacity were examined.

Results: Exercise capacity and all muscle strength indices decreased as eGFR decreased. Stepwise
linear regression analysis revealed that knee extensor muscle strength and eGFR were significant
important factors in predicting exercise capacity in CHF patients with CKD (R= 0.68, R?=044, p<0.001).
Conclusions: In CHF patients, exercise capacity decreased with declining renal function. Moreover,
knee extensor muscle strength and eGFR were determined to be important factors in predicting

exercise capacity in CHF patients with CKD.
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Historically, peak oxygen uptake (peak VO,) as an index of exercise
capacity is one important criterion used to evaluate chronic heart
failure (CHF) patients for heart transplantation worldwide [1,2].
Mancini et al. [2] reported that cardiac transplantation can be safely
deferred in ambulatory heart failure patients with severe left
ventricular dysfunction and a peak VO, of > 14 ml/min/kg (4 metabolic
equivalents: METs). Several previous reports have suggested that not
only peak VO, but also physical activity is an equally strong predictor of
survival in patients with stroke, myocardial infarction, pulmonary
disease, arrhythmia, and CHF [3,4].

Although individual perceptions may differ regarding the value of
exercise considered important in the design of strategies to improve
physical activity in CHF patients, only a few studies have addressed this
issue.

The purpose of the present study was to determine (1) differences
between physical activity in the performance of exercise capacity of >4
METs, and (2) levels of physical activity required to attain an exercise
capacity of >4 METs in outpatients with CHE.

This was a cross-sectional study in which consecutive 145 stable
male CHF outpatients who were beginning a cardiac rehabilitation (CR)
program were included.

We evaluated several patient characteristics, including left ventri-
cular ejection fraction (LVEF), brain natriuretic peptide (BNP) concen-
tration, and New York Heart Association (NYHA) functional class.

All 145 patients underwent symptom-limited cardiopulmonary
exercise testing (CPX) via a ramp cycle ergometer (CORIVAL 400
ergometer) protocol during stable male CHE.

Peak VO, was measured throughout the exercise period with an AE-
300S aero monitor and calculated on a personal computer [4,5]. METs
for each patient were calculated as follows: METs = peak VO, ml/kg/
min/3.5 ml/kg/min. After CPX, we further divided the patients into two
groups according to exercise capacity: >4 METs (group A, n=113) and
<4 METs (group B, n=232),

We used number of steps as the indices of physical activity. These
indices were estimated by use of an accelerometer-equipped electronic
pedometer (Kenz Lifecorder). All patients were taught to put on the
Lifecorder themselves and were instructed to use the Lifecorder 24 h a
day for 1 week, except while bathing, For each patient, we calculated the
mean number of steps for 1week as follows: mean daily step
count=total step count/7 (steps/day for 1 week).

* Corresponding author at: Department of Rehabilitation Medicine, St. Marianna
University School of Medicine Hospital, 2-16-1 Sugao, Miyamae-ku, Kawasaki,
Kanagawa 216-8511, japan. Tel.: +81 44 977 8111x6155; fax: + 81 44 977 9486,

E-mail address: izawapk@ga2.so-net.ne.jp (K.P. [zawa).

The present study was approved by the St. Marianna University
School of Medicine Institutional Committee on Human Research.
Informed consent was obtained from each patient.

Results are expressed as mean =+ standard error (SE). The unpaired
t-test and chi-square test were used to analyze differences such as
clinical characteristics between groups A and B. In addition, analysis of
covariance was performed to adjust for the effect of age, BNP, and NYHA
functional class on mean daily step count between the two groups.
Receiver-operating characteristic (ROC) curves were constructed by
means of plotting true-positive rates (sensitivity) against false-positive
rates (1-specificity) following calculation of the sensitivity for mean
daily step count of an exercise capacity of >4 METs to determine the
best cutoff value. A p value of <0.05 was considered significant.
Statistical analyses were performed with SPSS 12.0 | statistical software,

Patient characteristics were almost identical between groups A and
B. However, age (p<0.001), BNP concentration (p<0.001), and NYHA
functional class (p<0.001) differed significantly between groups A and
B (Table 1).

After adjustment for age, BNP concentration, and NYHA functional
class, mean daily step counts of physical activity (p<0.001) in the CHF
patients were significantly higher in group A than in group B (Table 2).

The sensitivities of each cutoff value for group A (=4 METs) were
calculated and used to construct ROC curves for the CHF patients
(Fig. 1). Using ROC analysis of exercise capacity of >4 METs, we
identified a cutoff value for daily step count of physical activity of
43971 steps/day for 1 week, with a sensitivity of 0.80, 1-specificity of
0.21, and area under the curve value of 0.83 (95% confidence interval:
0.76-0.89, p<0.001).

The present study shows that for CHF outpatients, there are
differences in mean daily step counts of physical activity in relation to
an exercise capacity threshold of >4 METs. Although the data was
adjusted for age, BNP concentration, and NYHA functional class, group B

Table 1
Clinical characteristics of the patients,
Group A(24 B (<4 tand y¥* Pvalue
METs) METs) value
No. of patients 113 32
Age (yrs) 584+ 11 678419 387  <0.001
BMI (kg/m?) 23.8+03 226408 1.64° 0.10
LVEF (%) 304412 281+19 1.03* 031
BNP (pg/ml) 17441206 460.4:159.1 5.68% <0.001
NYHA (I/Il/ii) 56/53/4 0/12/20 68.7 <0.001
Etiology (%)
Cardiomyopathy 481 428 433 022
Previous myocardial infarction  31.2 392
Arrhythmia 15.1 107
CABG/VR 5.6 73
Medications(%)
B blockers 78.9 821 139 0.46
ARB 44.3 56.6 349 0.09
ACEl 471 46.4 0.04 1.00
Diuretic 86.5 92.8 0.83 0.36

METs, metabolic equivalents; BMI, body mass index; LVEF, left ventricular ejection
fraction; BNP. brain natriuretic peptide; NYHA, New York Heart Association: MI,
myocardial infarction; CABG, coronary artery bypass grafting; VR, valve replacement;
ARB, angiotensin receptor blocker; ACEL, angiotensin converting enzyme inhibitor.

* tvalue.
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Table 2

Differences in physical activity adjusted for age, BNP concentration, and NYHA functional class.

Group A(=4 B (<4 Fvalue Pvalue
METs) METs)

No. of patients 113 32

Mean daily step counts of  6947.5+268.1 4399.1 +588.6 144 <0.001

physical activity (steps/
day for 1 week)

(6417.4-74775)  (3235.3-5562.9)

Strength values are shown as meanzstandard error (95% confidence interval).
Independent variables of analysis of covariance: age, BNP, and NYHA functional class.

BNP, brain natriuretic peptide; METs, metabolic equivalents; peak VO,, peak oxygen
uptake; NYHA, New York Heart Association,

patients attained significantly lower mean step counts of physical
activity than did group A patients (Table 2). Thus, we suggest that an
exercise capacity threshold of >4 METs has some influence on the mean
step count that can be generated.

ROC analysis in the present study showed that an exercise capacity
of >4 METs in male CHF patients was equivalent to a mean daily step
count of approximately 4397.1 steps (Fig. 1). A previous review of
pedometer use to measure physical activity reported that the expected
number of steps per day for individuals living with disabilities and
chronic illnesses was in the range of 3500 to 5500 steps [6]. This value
was similar to our present result in male CHF patients. Another study
also suggested that a cutoff value of 3571.4 steps (calculated value based
on a reported pedometer score of 250 x 107 steps per week = 25,000 -
steps/7 days) as an index of the daily activity level of CHF patients was
related to mortality and that this parameter appears to be a more
powerful index than laboratory-based exercise testing variables such as
peak VO, and exercise time [5]. Mean step counts attained by patients
in our study are superior to those of this previous study.

We found that an exercise capacity of >4 METs in male CHF
outpatients was equivalent to a mean daily step count of approximately
4397.1 steps of physical activity for 1 week. These values may be useful
target goals for improvement of exercise capacity in male CHF
outpatients at entry into a phase 11 CR program.

The authors of this manuscript have certified that they comply with
the Principles of Ethical Publishing in the International Journal of
Cardiology (Shewan and Coats 2010; 144:1-2).
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