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Table 1 Formulas for Estimating Glomerular Filtration Rate

Cockeroft-Gault equarion®
Cer (mifmin) = ((140-age) xweight)/(72 % Scr)x(0.85, if female)
CG-eGFR (ml-min-!-1.73m2)=Cerx(1,73/BSA)
BSA (m?)=(body weight)*425x (height)0735%.0.007 184
Abbreviated MDRD Study equation®
MDRD-eGFR (mi-min-t-1.73m2) = 186 % (Scr 1154 (age J0203% (0.742, if female)x(1.210, if black)

Age is in years and weight is in kilograms for each equation.
CG, Cockeraft-Gault equation; Cer, creatinine clearance; Scr, serum creatinine concentration (mg/dll; eGFR, estimated glomerular
filtration rate; BSA, body surface area; MDRD, Modification of Diet in Renal Disease.
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Fig 1. Distribution of the study population by stage of chronic kidney
disease based on two equations for estimating of glomerular filtration
rate. eGFR, estimated glomerular filtration rate; MDRD, Modification
of Diet in Renal Disease Study equation; CG, Cockeroft-Gault equa-
tion.

when using the CG equation. The eGFR was categorized
into five stages as recommended by the KDOQI guidelines®

Statistical Analysis

The study population was divided into three groups
based on the stage of CKD: (1) patients with normal or
mildly reduced GFR (eGFR 260ml-min-!-1.73m-2), (2)
those with moderately reduced GFR (eGFR: 30-59ml-
min-'-1.73m2), and (3) those with severely reduced GFR
(eGFR <30ml-min~!-1.73m-2). The baseline characteris-
tics of the patients in the three strata were compared by chi-
square test for dichotomous variables and ANOVA tests for
continuous variables. Data are expressed as means=stan-
dard deviations (SD). Least-squares linear regression analy-
sis and a correlation coefficient were used to describe the
relationship between the eGFRs calculated by the MDRD
and CG equations. A Bland-Altman plot was also used
to assess the agreement between both eGFRs!? Survival
curves of patients with CKD were constructed using the
Kaplan-Meier method and were compared with the log-
rank test, Multivariate Cox proportional hazards analyses
were also performed to determine the association of eGFR
with a combination of all-cause mortality plus admission
because of CHF, using the following covariates: age, gen-
der, etiology of CHF, serum hemoglobin level, left ventricu-
lar EF, body mass index (BMI), NYHA functional class,
medications for CHF, and comorbidities such as diabetes,

Y =0.882 X + 18.780 (R = 0.889, p < 0.001)

n
o
=1

|

200

150

100

n
=}
|

MDRD-eGFR (ml-min—'-1.73m2)

=3
|

T T
0 50 100 150 200

CG-eGFR (ml-min—1.1.73m?)

—
—

Fig2. Correlation between estimated glomerular filtration rates using
the MDRD or CG equation. GFR, glomerular filtration rate; MDRD,
Modification of Diet in Renal Disease Study equation; CG, Cockeroft-
Gault equation; eGFR, estimated glomerular filtration rate.

dyslipidemia, or ventricular tachycardia. Prior to the multi-
variate analysis, the associations among all covariates were
evaluated using the Spearman’s rank correlation test. Statis-
tical significance was defined as p<0.05. The Bland-Altman
plot was constructed using MedCalc ver.9.3.0 (available at:
http://www.medcalc.be) and all other statistical analyses
were performed using SPSS 15.0] for Windows (Chicago,
IL, USA).

Results

The eGFR in Parients With CHF

The mean age of the study population was 68.3+13.6
years and males accounted for 65.1% of patients. The mean
follow-up period was 3.45+1.75 vears. The prevalence of
patients with renal insufficiency, which was categorized
based on the stages defined by the KDOQI guidelines using
two equations, is shown in Fig 1. Patients with CKD, which
was defined as eGFR <60ml-min-!-1.73m-2, accounted
for 26.7% and 42.7% of the study population when using
the MDRD equation and CG equation, respectively. Fig2
shows the relationship between two eGFRs calculated
using each equation. There was a significantly good corre-
lation between them (R=0.889, p<0.001); however, the
eGFR calculated using the MDRD equation tended to be
greater than that calculated by the CG equation, especially
in patients with reduced eGFR. The Bland-Altman plot
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Table 2 Baseline Characteristics of the Study Population by Stage of Chronic Kidney Disease Evaluated by the CG-eGFR

eGFR {ml-min-'-1,73m2)

p value
30-59 <30
N 329 64
Follow-up (vears) 3.7¢1.7 3.2+1.8 2.7+1.7
Age (vears) 62.0¢13.1 76.218.5 80.419.5 <0.00]
Male 69.4% 60.5% 53.1% 0.03
Body mass index 23.943.7 22,1435 21.242.8 <0.001
NYHA /v 14.60% 24.30% 39.10% <0.001
Kidney funcrion
eGFR (ml-min='+1.73m2) 88.8124.9 46.518.4 24.214.9
Serum creatinine (mg/di) 0.8+0.2 1.110.3 2.020.8 <0.001
Ischemic etiology of CHF 23.9% 36.5% 359% <0.001
Medical history
HF admission 30.0% 28.9% 26.6% NS
Hypertension 45.5% 48.3% 64.1% 0.02
Diabetes 17.1% 2].9% 28.1% <0.05
Dyslipidemia 18.2% 10.9% 17.2% 0.02
Atrial fibrillation 39.3% 47.1% 45.3% 0.07
Venrricwlar tachycardia 21.3% 21.6% 15.6% NS
Medications
Diyretics 77.0% 82.8% 87.3% NS
B-blacker 343% 23.4% 20.3% 0.01
ACEI/ARB 74.4% 69.6% 54.7% 0.003
Echocardiography
LVDd (mm) 57.249.6 54.1£10.1 53.2184 <0.00]
LVEF (%) 50.5£15.6 52.8%16.9 55.1%£14.3 0.03
Other factors
BNP (pg/ml} 196.14297.4 329.61347.5 432.41394.8 <0.001
Hemaoglobin (g/dl) 13.7¢1.9 12.412.1 10.6£1.9 <0.001
Anemia 25.5% 52.6% 88.9% <0.001

NYHA, New York Heart Association; CHF, chronic heart failure; HF, heart failure; ACEL angiotensin-comerting enzvine inhibitor;
ARB, angiotensin Il receptor blacker; LY, left venrricular; Dd, end-diastalic dimension; EF, ejection fraction; BNP. B-rype natriuretic

peptide. Other abbreviations see in Table 1,

showed that the scatter of the differences between the two
eGFRs increased as the eGFR increased and, importantly,
the mean difference was 10.6ml-min-'-1.73m-2 (Fig 3).

Baseline Characreristics and Swrvival Analysis

Baseline characteristics of the patients stratified by eGFR
calculated by the CG equation are summarized in Table2.
Reduced kidney function was associated with a variety of
cardiovascular risks. Patients with lower eGFR were older
and had lower BMI, more severe symptoms of CHF, higher
level of B-type natriuretic peptide, lower level of hemoglo-
bin, and a higher prevalence of hypertension and diabetes.
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Those patients were less likely to be taking f3-blockers,
angiotensin-converting-enzyme inhibitors, or angiotensin II
receptor blockers. The Kaplan-Meier analyses included
the following two endpoints: (1) combined event of all-
cause death and admission because of congestive heart fail-
ure and (2) admission because of congestive heart failure
(Fig4). The event-free rates of patients with more severe
CKD were significantly lower than those of patients with
less severe CKD when eGFR was evaluated using the CG
equation (Fig4). The 1- and 3-year rates of the combined
event of all-cause death and admission because of conges-
tive heart failure in patients with eGFR <30ml- min-!-
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Table 3 Results of Multivariate Cox Analysis Using Two Methods of Calculating eGFR

CcG MDRD
Facrors
N HR 95%ClI  pvalue N HR 95%CI p value

Age (vears) .02 1.00-1.03 0.003 102 101-1.03 <0001
NYHA 147  1.22-1.77 <0.001 145 1.20-1.74  <0.00]
Diabetes 148  1.18-1.87 <0.001 147  112-1.85 0.00]
vr 1.5]1  1.20-1.89 <0.001 1.50  1.20-1.89 <0.00]
Hemoglobin (g/dl) 0.89 0.85-0.94 <0.001 0.89 0.85-0.94 <0.00]
EF (%) 0.99 0.98-0.99  0.004 099  0.95-0.99 0.003
eGFR (ml-min!-1.73m?} 0.04 0.045

260 527 1.00 = - 674 1.00 - -

30-59 329 1.37 1.03-1.68 0.03 219 1.32 1.04-1.68 0.02

<30 64 156 1.05-2.32 0.03 27 151 0.91-2.50 0.12

HR, heart rate; CI, confidence interval; VT, ventricular tachycardia. Other abbreviations see in Tables 1,2

1.73 m~? were 35.9% and 71.1%, respectively. The respec-
tive rates of admission because of congestive heart failure
in those patients were 35.1% and 58.3%, respectively.

Multivariate Cox Regression Analysis

Results of the multivariate Cox regression analysis are
shown in Table 3. The Spearman’s rank correlation test did
not show good or significant correlations between the severi-
ty of CKD and the covariates other than age, which was
included in the equation of calculating GFR (Table 1). The
eGFR was calculated using the CG and MDRD equations
and a lower eGFR was significantly associated with the
development of the combined event of all-cause death plus
admission because of congestive heart failure, as were age,
NYHA class, diabetes, ventricular tachycardia, lower hemo-
globin level and lower left ventricular EF. When eGFR was
calculated by the CG equation, hazard ratios of patients
with moderate CKD (eGFR: 30-59ml-min-!-1.73m=2)
and severe CKD (eGFR <30ml-min-'-1.73m-2) were 1.31
(95% confidence interval (CI) 1.03 to 1.68, p=0.03) and
1.56 (95% CI 1.05 to 2.32, p=0.03), respectively. However,
when the eGFR was calculated using the MDRD equation,
the significant relationship between reduced GFR and the

combined endpoint was observed only in patients with
moderate CKD, which showed a hazard ratio of 1.32
(95%C1 1.04 to 1.68, p=0.02) (Table 3).

Discussion

The major findings of the present study are as follows: (1)
patients with CKD defined as eGFR <60ml-min-!-1.73m=
accounted for 26.7-42.7% of Japanese patients with symp-
tomatic CHF; (2) GFR estimated using the abbreviated
MDRD equation tended to be greater than that estimated by
the CG equation; (3) patients with more severe CKD had
more cardiovascular risks than those with less severe CKD
and these patients also had a significantly increased risk of
the combined event of the all-cause mortality and admission
because of congestive heart failure. Therefore, risk stratifi-
cation using eGFR is a first-line strategy to improve the sur-
vival and QOL of Japanese patients with symptomatic CHF.

Estimation of GFR

Significant kidney dysfunction may be present despite a
normal serum creatinine level. The KDOQI guidelines de-
fine the stages of CKD based on an eGFR that is calculated
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using the serum creatinine level. The two most commonly
used formulas for GFR estimation are the abbreviated
MDRD and CG equations (Table 1). We found a strong
relationship between the two eGFRs (Fig2), although the
Bland-Altman plot did not reveal sufficient agreement be-
tween them (Fig 3). Furthermore, there was a considerable
difference in the mean values of the two eGFRs, which
might influence the diagnosis of CKD. Validation studies
performed in middle-aged patients with CKD have shown
that the MDRD equation is more accurate than the CG
equation, which calculates creatinine clearance. However,
we speculated that the CG equation might be more appro-
priate for our purposes because it can estimate GFR better
than the MDRD equation in older patients'! and the mean
age of the population in the present study was 68.3 years,
which was much older than that of the participants in the
MDRD Study, whose mean age was 50.6 years? Equations
to estimate eGFR might need modification using Japanese
coefficients. Imai et al reported that 0.881x MDRD might be
a better estimation than the original MDRD equation; how-
ever, they also concluded that a new equation was needed
for more accurate estimation of GFR in Japanese patients
with CKD stage 3 or 42

Renal Dysfunction and Prognosis

Several investigators have explored the influence of renal
impairment on the prognosis of patients with CHF, Multi-
variate analyses using populations of randomized treatment
trials or population-based studies performed in Western
countries showed that CKD is significantly associated with
a poor prognosis of patients with CHF#5.13 In the present
study, Kaplan-Meier analysis showed that patients with a
lower eGFR had an increased rate of the combined event of
all-cause death and admission because of CHF. Further-
more, multivariate Cox regression analysis clearly showed
that more severe CKD independently predicted a poor prog-
nosis after adjustment for other cardiovascular risk factors
(Table3). When using the MDRD equation to calculate
eGFR, the association between severe CKD (eGFR <30mi-
min-!-1.73m~2) and the combined endpoint did not reach
the significant level. We speculate that this may be because
of the limited number of patients who were categorized as
severe CKD using the MDRD equation (n=27, Table 3).

Anemia and CKD

In the present study, patients with CKD were associated
with many risk factors for cardiovascular disease (Table 2).
Several researchers have shown that anemia and CKD are
interrelated in patients with CHF#5 Anemia can be caused
by kidney dysfunction'* and is reported to be an independent
predictor of the prognosis of these patients? Multivariate
analysis in the present study revealed that a low hemoglobin
level was independently and significantly associated with
the development of events. as was the severity of CKD
(Table 3).

Other Prognostic Risks and eGFR

GFR is considered to decrease as age increases and the
eGFR is calculated by an equation including age as shown
in Table 1% The present study also showed that patients
with more severe CKD were significantly older (Table2).
However, multivariate analysis including age as a covariate
revealed that eGFR was one of the significant predictors for
the prognosis in patients with CHF.

The present study also showed that other four covariates
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(ie, higher NYHA class, diabetes, ventricular tachycardia,
and low EF) were significantly and independently associ-
ated with the prognosis of these patients, and those factors
may be also associated with renal dysfunction. CKD is con-
sidered to be linked to increased incidence of atrial and ven-
tricular arrhythmias!5 Several structural and physiologic
substrates, such as electrolyte abnormalities, volume over-
load, and adverse pharmacologic interactions, based on
CKD may be potential mechanisms of such a relationship.
Higher NYHA and low EF are frequently observed in pa-
tients with advanced CHF and the reduced cardiac output in
these patients activates sympathetic nerve activity and the
renin-angiotensin system, which results in further progres-
sion of CKD in CHF patients!® Chronic diabetes frequently
results in diabetic nephropathy and it is one of the most com-
mon causes of CKD and end-stage renal disease. However,
in the present study the Spearman’s rank correlation test
showed that there was not a good and significant relation-
ship between the severity of CKD and the four covariates.
Several researchers, including us, have already reported
that these factors are significantly and independently asso-
ciated with the prognosis of patients with CHF?35 and that
they are still important prognostic factors for risk stratifica-
tion as eGFR is.

Conclusions

CKD is also common in Japanese patients with CHF and
its severity is inversely associated with survival and QOL,
as several Western investigators have previously reported.
GFR, which is easily calculated using a prediction equation,
should be evaluated in all patients with CHF to improve
risk stratification and treatment.
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Abstract: The prognosis of patients with chronic heart failure (CHF) still remains poor, despite
the recent advances in medical and surgical treatment. Furthermore, CHF is a major public health
problem in most industrialized countries where the elderly population is rapidly increasing.
Although the prevalence and montality of CHF used to be relatively low in Japan. the disorder has
been markedly increasing due to the rapid aging of the society and the Westernization of lifestyle
that facilitates the development of coronary artery disease. The Chronic Heart Failure Analysis
and Registry in the Tohoku District (CHART)-1 study was one of the largest cohorts in Japan. The
study has clarified the characteristics and prognosis of Japanese patients with CHF, demonstrating
that their prognosis was similarly poor compared with those in Westem countries. However, we
still need evidence for the prevention and treatment of CHF based on the large cohort studies or
randomized treatment trials in the Japanese population. Since the strategy for CHF management is
now changing from treatment to prevention, a larger-size prospective cohort, called the CHART-2
study, has been initiated to evaluate the risk factors of CHF in Japan. This review summarizes the
current status of CHF studies in Japan and discusses their future perspectives.

Keywords: heart failure, aging, Japanese

Introduction

Chronic heart failure (CHF) is the leading cause of mortality in most developed
countries (Hunt et al 2001). The prevalence and mortality rates of CHF used to be
relatively lower in Japan compared with other Western countries. In Japan, approxi-
mately 1 to 2 million patients have CHF and nearly 170,000 patients die due to heart
discases each year (approximately 130 per 100,000 person-years) (Summary of Vital
Statistics 2005). However, the prevalence and death rates of cardiovascular diseases
and CHF have been rapidly increasing in Japan, due to the Westernization of lifestyle,
including dietary habits, and the aging population (The Status of Aging 2007). The
Chronic Heart Failure Analysis and Registry in the Tohoku District (CHART)-1 study
was one of the largest cohort studies with Japanese CHF patients (N = 1,278), which
was designed to evaluate the characteristics and prognosis of those patients. We have
also started a new cohort study, named the CHART-2 study (N = 10,000, expected)
aiming to elucidate the effective preventive measures for CHF. This review briefly
summarizes the major socio-medical issues of Japanese patients with CHF, their
clinical characteristics and prognosis found in our CHART-! study, and the current
status of CHF studies in Japan.

Socio-medical status of Japanese

patients with CHF

Rapid aging of Japanese population

Until the 1980s, Japan had a lower percentage of elderly citizens compared with any
other developed countries. However Japan is now one of the countries in which the
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population is aging rapidly. Figure 1 shows the time-course
of aging and population projections between 1950 and 2055,
which is assembled using the data reported by the Japanese
Cabinet Office (The Status of Aging 2007). As of October
1, 2006, the total population of Japan was 127.8 million and
the number of elderly aged 65 or older was 26.6 million,
accounting for 21% of the total population. The elderly
population is expected to continue to increase rapidly and
the percentage of the elderly will reach 35.8 million (27%) in
2055 (The Status of Aging 2007). Life expectancy in Japan
at birth has also drastically increased since World War II to
78.6 years for males and 85.5 years for females in 2005 (Life
Expectancies at Specified Ages 2006). The Japanese Cabinet
Office expects that it will reach 83.7 years for males and 90.3
years for female in 2055. Thus, in the near future, Japanese
society will encounter more difficult medical problems due
to rapid aging, which other developed countries have never
before experienced.

Changing causes of death in Japan

Infectious diseases such as pneumonia, tuberculosis, and
gastroenteritis were the leading causes of death in Japan until
the mid 1900s. The major health problems in Japanese society
have drastically changed since World War II. The morbid-
ity and mortality rates of lifestyle-related diseases such as
cancer, heart disease, stroke, and diabetes mellitus have

dramatically increased. Approximately 60% of the mortality
is now attributed to lifestyle-related diseases (cancer, 31%;
ischemic heart disease 16%; cerebrovascular disease 13%;
diabetes mellitus 1%; and hypertensive disease 0.6%) and
the medical costs for these diseases amounts to 10.2 trillion
yen (87.8 billion US dollars), accounting for approximately
30% of the total cost of the Japanese health insurance in
2003 (Exercise and Physical Activity Reference for Health
Promotion 2006). Currently, heart disease is the second most
frequent cause of death in Japan. Figure 1 shows the trend
of the mortality due to heart diseases, which is constructed
using the reports of death certificates in Japan (Summary of
Vital Statistics 2005). There is a clear trend for the increase
in death due to heart disease since 1950s (there was a tem-
porary sharp decline in 1995 due to the tenth revision of
the International Classification of Diseases regarding the
description of diagnosis in death certificates).

Health insurance system and future

economic burden in Japan

In Japan, all citizens are enrolled in the mandatory health
insurance system based on employment and residential status.
The average number of visits to a doctor per year is 16 in
Japan, versus 5.8 visits in the United States (Itoh 2004). As
elderly patients tend to visit doctors more frequently and to
have more medication or high-cost medical care, medical
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expenditure for the elderly is already taking one-third of the
national health expenditure, and is projected to reach a half
of the expenditure by the year 2025 (Ttoh 2004). Progressive
aging of the society and the consequent increase in the num-
ber of patients with CHF will cause more financial burden
within Japanese society, which could lower the quality of
medical services in the future.

Published
Completed

Status
Published
Recruiting

I-year mortality

7.3%
6.3%

An overview of heart failure

studies in Japan

In Japan, medical treatment for patients with CHF is mainly
based on the evidence obtained from randomized trials in
the United States and Europe. There have been no sufficient
randomized treatment trials or prospective cohort studies in
Japan to clarify the real characteristics of Japanese patients
with CHF or to improve their prognosis and quality of life.
The mandatory health insurance system, the shortage of
the budget to fulfill mega-trials, and the absence of trained
research nurse system may all be responsible for the current
situation. This section describes several cohort studies with
Japanese CHF patients, major outcomes of the CHART-1
study, and randomized treatment trials for CHF performed
with Japanese patients, either those that have already been
published or are currently in progress. Finally, racial differ-
ences will be discussed, because this issue may also influence

the impact of risk factors and/or the effects of treatments
for CHF.

Mean follow-up
At least one year

3.5 years
One year

Oct 2006

Sep 2011

stage/NYHA Expected completion

(8) C-D
-V
(e o)
cD
8-D
-V

(expected)

1278
2676
2685
10000

Prospective cohort studies in Japan

There are few multi-institutional prospective cohort studies
with CHF patients in Japan (Table 1). The Chronic Heart Fail-
ure Analysis and Registry in the Tohoku District (CHART)-1
study was the first cohort study in Japan, including more than
1,000 Japanese patients with stable CHF, who were registered
at 26 hospitals in the Tohoku district with a population of
approximately 9.8 million (Shiba et al 2004), The CHART-1
study was initiated in February 2000 and was completed in
December 2005. The total number of CHF patients enrolled
was 1,278 and the mean follow-up period was 3.5 years.
Details of design and the main outcome will be presented
at the following part in this article. The Japanese Cardiac
Registry of Heart Failure in Cardiology (JCARE-CARD) is
aregistry of hospitalized patients with worsening CHF at 164
hospitals throughout the country between January 2004 and
June 2005 ( Tsutsui et al 2006), Death and hospital admission
of the patients were followed through 2006 with the mean
follow-up period of at least 1 year. Results of this study will
appear in the near future. The Japanese Cardiac Registry of

Age, years (Mean) Total enrollment Heart failure Study start

=B
(68)
15
=I5
(74)
=20

Chronic heart failure outpatients/
Hospitalized patients with heart failure
High risk for heart failure outpatients/
hos pitalized pts.

hospitalized pts.
Outpatients with heart failure

Chronic heart failure

CHART-1 Study
[Shiba 2004]
JCARE-CARD
[Tsutsui 2006]

Data are retrieved from published papers or the UMIN Clinical Trials Registry (http//www.uminac jp/ctrfindex-jhtm)/ClinicalTriaks.gov (http://clinicaltrials. gov/).

Abbreviations: NYHA. New York Heart Association; pts, patients.

Table | Multicenter prospective cohort study for patients with chronic heart failure in Japan

Study [Reference] Study population

JCARE-GENERAL
[Tsutsui 2007]
CHART-2 Study
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Heart Failure in General Practice (JCARE-GENERAL) is a
registry of outpatients with CHF managed by cardiologists
in hospitals and primary care physicians in general practice
(Tsutsui et al 2007). Baseline data of totally 2,685 patients
were collected during November 2004 and follow-up data
were collected for 1 year after the enrolment. During the
mean follow-up period of 427 days, the crude mortality
rate was 6.7% in patients managed by cardiologists and
5.9% in those managed by general physicians. The Chronic
Heart Failure Analysis and Registry in the Tohoku District
(CHART)-2 study is currently the largest prospective and
hospital-based cohort study with patients with CHF in Japan.
This study was designed to investigate the characteristics
and prognosis of a total of 10,000 patients with symptomatic
CHF (Stage C/D in the ACC/AHA classification) and those
with structural heart disease but without signs or symptoms
of CHF (Stage-B in the AHA/ACC classification) (Hunt et al
2001). This study will elucidate the incidence and prognostic
impact of metabolic syndrome in those patients, especially
on the development of the first symptomatic CHF. The
CHART-2 study was started in October 2006 and will be
completed in September 2011.

The CHART-1 Study

Risk stratification is the first line strategy to improve the
prognosis and quality of life of patients with CHF. A number
of factors have been found to correlate with the mortality
of patients with CHF (Rector et al 1994; Deedwania 2003;
Bettencourt et al 2000). The CHART-1 study was started to
register patients with stable CHF in February 2000 to clarify
the characteristics and prognosis and to seek for prognostic
factors in Japanese CHF patients (Shiba et al 2004, 2005).
Patients were enrolled when at least one of the following
criteria was met: (1) left ventricular ejection fraction (LVEF)
<50%, (2) left ventricular end-diastolic dimension >55 mm,
or (3) at least one episode of congestive heart failure. Patients
less than 18 years old or those with clinically unstable condi-
tions were excluded. Baseline data, including laboratory find-
ings, results of echocardiography, and medical treatments for
CHF, were recorded and annual surveillance was performed
until the end of 2005.

Characteristics and prognosis of patients
with CHF in Japan.

A total of 1,278 patients were enrolled in the CHART-1
cohort. The mean age of the study population was 68.3 years,
and male accounted for 66% of the total study population.
The prevalence of diabetes mellitus and hypertension was

19% and 47%, respectively. Other baseline characteristics of
patients are shown in Table 2. Ischemic etiology accounted
for only 25% and the percentage of patients older than
65 years was 66%. Patients with preserved systolic function
(defined as LVEF >50%) accounted for 45% of the total
population. During the mean follow-up period of 3.5 years,
all-cause mortality rate at 1-, 2-, and 3-year was 7%, 16%,
and 22%, respectively (Figure 2). Multivariate Cox analysis
showed that several covariates, such as age, diabetes mellitus,
ventricular tachycardia, serum level of B-type natriuretic pep-
tide (BNP), rural residence, and NYHA functional class, were
significantly associated with all-cause mortality (Shiba et al
2004). Figure 3 shows the Kaplan-Meier analyses of freedom
from all-cause mortality in patients stratified by serum level
of BNP or LVEF. Patients with higher BNP concentration
had a significantly poorer prognosis (Watanabe et al 2005),
however, the prognostic impact was not significantly differ-
ent between patients with 200-500 pg/mL of BNP level and
those with >500 pg/mL (Figure 3A). The all-cause mortality
of patients with preserved systolic function (LVEF > 50%)
was not significantly different than that of patients with

Table 2 Baseline characteristics of the Japanese patients in the
CHART-| study

No. of patients 1,278
Follow-up period (years) 3517
Age (years) 6831134
=39 3.7%
40-64 30.2%
65-74 32.8%
=75 33.3%
Male (%) 66.0%
NYHA
| 19.7%
Il 63.0%
1] 16.5%
% 0.8%
Underlying disease
Coronary artery disease 25.4%
Valvular heart disease 26.4%
Left ventricular hypertrophy 14.0%
Non-ischemic cardiomyopathy 28.6%
Other 5.6%
Left ventricular ejection fraction (%) 511159
<30% 11.7%
30-50% 43.7%
>50% 44.6%
Hypertension 47 4%
Diabetes 18.9%
Dyslipidemia 16.7%
Atrial fibrillation 41.8%
Ventricular tachycardia 20.1%
History of heart failure admission 23.4%

Abbreviations: NYHA New York Heart Association.
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moderately decreased LVEF (30%-50%). However the
prognosis of those with severely low LVEF (<30%) was
the lowest with frequent episodes of sudden cardiac death
{(Figure 3B). The 3-year incidence of sudden death was higher
in patients with LVEF <{30% than those with LVEF =30%
(15% vs 4%, respectively, p < 0.001). Primary prevention of
sudden cardiac death with an implantable cardioverter defi-
brillator in those patients should be recommended when they
meet the criteria in the authorized guidelines (Watanabe et al
2006). Recently, anemia has been emphasized as an important
prognostic predictor in patients with CHF (Ezekowitz et al
2003). Our data also showed that anemia was significantly
associated with all-cause mortality, cardiac-cause mortality,
and sudden death in patients with diastolic CHF (Tada et al
2007), as well as in those with systolic CHF, as reported by
other researchers (O'Meara et al 2006).

Treatment of patients with CHF

in Japan

Treatments with angiotensin converting enzyme inhibitors
(ACEI), angiotensin II receptor blockers {ARB), or B-blockers
are recommended to improve prognosis and quality of life
for patients with CHF (Hunt et al 2001). However it has
previously been reported that such evidence-based treatments
might not be sufficiently used in patients who should have
had benefits of such medications (Masoudi et al 2003). The

100

90

Free from events (%)

(N=1,278)
I 1

0 1 2 ! 4 i 6
Year

't Il ) Il 1 | L |

t Cardiac-cause death
1 All-cause death
1 All-cause death + HF admission

Figure 2 Prognosis of the Japanese patients with CHF in the CHART-| study. Copy-
right @ 2004. Reproduced with permission from Shiba N, Watanabe ], Shinozaki T,
et al. 2004, Analysis of chronic heart failure registry in the Tohoku district: third year
follow-up. Circ |, 68:427-34.

Abbreviations: HF. heart failure.
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Figure 3 Kaplan-Meier curves of freedom from all-cause death stratified by (A) BNP
and (B) LVEF in the CHART-| study.
Abbreviations: BNP B-type natriuretic peptide: LVEF, left ventricular ejection fraction

overall usage rate of ACEIVARB or B-blocker in patients
enrolled in the CHART-1 study was 70% and 28%, respec-
tively (Figure 4). The penetration rate of these medications
was relatively lower in female patients, elderly patients, and
those with valvular heart disease or preserved LVEF, and
this trend was more evident for the treatment with B-blocker
than ACEI/ARB (Figure 4). These results suggest that future
clinical trials are still necessary for such minorities who have
not usually been enrolled in major randomized treatment
trials for CHF.

Clinical outcomes of Japanese

patients with CHF

Figure 5 showed survival curves of placebo groups in ran-
domized treatment trials for CHF performed in Western
countries, superimposed with the result obtained in our
CHART-1 study with Japanese CHF patients. One-year all-
cause mortality of patients with mild-moderate CHF (NYHA

Vascular Health and Risk Management 2008:4(1)
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Figure 4 Prevalence of the use of renin-angiotensin inhibitors and B-blockers in the CHART-| study. Copyright © 2007. Reproduced with permission from Shiba N, Takahashi

J. Matsuki M.2007. The CHART Study (Japanese). Naka, 99:410-14.

Abbreviations: ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin |l receptar blocker; CAD. coronary artery disease; NICM, non-ischemic cardiomyopathy:;

LVH, left ventricular hypertrophy; VHD, valvular heart disease,

II-1V and LVEF =40%) or moderate-severe CHF (NYHA
INI-IV and LVEF =35%) was 13% and 21%, respectively.
Importantly, as is evident in Figure 5, the prognosis of
Japanese patients with CHF was equally poor compared with
Western CHF patients. Since the Japanese society is aging
rapidly, a sharp increase in the number of CHF patients will
be inevitable in the near future in Japan, as CHF is a disease
of the elderly. Figure 6 shows the event rate in CHF patients
based on age at the entry, demonstrating that elderly Japanese
patients with CHF had an increased incidence of cardiac
death and a combination of cardiac death and admission due
to congestive CHF. This is because elderly CHF patients
have a higher rate of combined risk factors, such as anemia,
chronic kidney disease, hypertension, and atrial fibrillation.
Appropriate prevention strategies against the development
and progression of CHF should be undertaken in Japan.

Major CHF treatment trials in Japan
There are 2 published randomized treatment trials for CHF
patients in Japan (Table 3). The Multicenter Carvedilol

Heart Failure Dose Assessment (MUCHA) trial enrolled 174
patients with mild to moderate CHF to seek for the efficacy
and optimum dose of carvedilol, with 3 treatment arms,
including placebo, 5 and 20 mg of the B-blocker in daily dose
(Hori et al 2004). During the 24-48 weeks of the treatment
period, carvedilol achieved dose-related improvement of the
rate of death or cardiovascular hospitalization to 25%, 9%,
and 5% in the placebo, 5 mg, and 20 mg group, respectively
(p = 0.002). The Assessment of Response to Candesartan
in Heart Failure in Japan (ARCH-J) study investigated the
efficacy of candesartan (8 mg once daily) in comparison
with the placebo in 305 patients with symptomatic CHF
(Matsumori et al 2003). During the 6-month follow-up
period, fatal cardiovascular events occurred in 2 patients in
each treatment group and the incidence of progression of
CHF was 7% and 22% in the candesartan and the placebo
group, respectively (p = 0.0004).

We have recently initiated a large outcome study with
olmesartan in CHF patients, termed The Supplemental
Benefit of Angiotensin I1 Receptor Blocker in Hypertensive
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Patients with Stable Heart Failure Using Olmesartan
(SUPPORT trial), which is currently the largest outcome
study in Japan (Table 3). The purpose of our SUPPORT
trial is to examine whether an ARB, olmesartan, in addi-
tion to conventional treatment, reduces the mortality and
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morbidity of hypertensive patients with stable CHF. The
primary endpoint is a combined event of all-cause death,
nonfatal acute myocardial infarction, nonfatal stroke, and
hospital admission due to congestive heart failure. We also
aim to evaluate the beneficial effect of olmesartan on the

Cardiac-cause Death
+ CHF Admission

T vs £, 1 P<0.001

3 4 6 6

Figure 6 Prognosis of elderly patients with CHF in the CHART- I study. Copyright © 2007. Reproduced with permission from Shiba N, Takahashi J. Matsuki M. 2007. The

CHART Study (Japanese). Naka, 99:410-14
Abbreviations: CHF. congestive heart failure.
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progression of metabolic syndrome. The entry of patients
was started in November 2007, and the results of the study
will be obtained by the end of 2011.

There are 5 other small outcome trials that are currently
in progress in Japan (Table 3). The Assessment of Beta-
Blocker Treatment in Japanese Patients with Chronic Heart
Failure (J-CHF) and the Japanese Diastolic Heart Failure
Study (J-DHF) are investigating the effects of carvedilol in
patients with systolic CHF and those with diastolic CHF,
respectively. Another objective of J-CHF is to determine
the optimum dose of carvedilol and to elucidate the dif-
ferences in clinical characteristics between responders
and nonresponders to the B-blocker. The Pitavastatin
Heart Failure Study (PEARL study) is designed to evalu-
ate the efficacy of pitavastatin for CHF with mild hyper-
cholesterolemia. The Japanese Multicenter Evaluation of
Long- versus short-acting Diuretics in Congestive Heart
Failure (J-MELODIC) is designed to compare the effects
of furosemide and azosemide in patients with CHF and to
test the hypothesis that long-acting diuretics are superior
to short-acting ones in those patients. The Japanese Heart
Failure Outpatients Disease Management and Cardiac
Evaluation Study (J-JHOMECARE) was designed to evalu-
ate the benefit of disease management program for prog-
nosis, psychological status and quality of life of patieﬁts
with CHF.

There are 2 large trials that have investigated the role of
valsartan in Japanese patients with cardiovascular disease
including CHF (Table 4). The Japanese Investigation of
Kinetic Evaluation in Hypertensive Event and Remodeling
Treatment (JIKEI-HEART) Study was designed to investi-
gate whether concomitant treatment with valsartan in addition
to conventional treatment improves the prognosis of Japanese
patients with hypertension, ischemic heart disease, or con-
gestive heart failure. The results of this study have recently
been published (Mochizuki et al 2007). After a median fol-
low-up period of 3.1 years, the incidences of stroke, transient
ischemic attack, angina pectoris, and CHF were significantly
lower in patients treated with valsartan compared with those
with the conventional treatment. However, the benefit of the
add-on valsartan treatment in a sub-population with CHF,
which accounted for 11% of the total population, has not been
published yet. The Add-on Effects of Valsartan on Morbi-
Mortality (KYOTO-HEART) study was designed to assess
the add-on effect of valsartan on the conventional treatment
in terms of the morbidity and mortality in Japanese hyper-
tensive patients with high risks of cardiovascular diseases
including CHF (Table 4).

Many of the randomized clinical trials performed in
Japan utilize the prospective randomized open blinded end-
point (PROBE) design, as an alternative to the randomized
double-blind placebo-controlled design (Tables 3 and 4).
This is mainly because the PROBE study tends to be more
cost effective and its open-labeled medication may minimize
ethical considerations (Hansson et al 1992).

Racial difference in morbidity and mortality

due to cardiovascular diseases

Several researchers have suggested that cardiovascular risk
factors have different prognostic impact among different
populations. The Seven Countries Study Research Group
showed a substantial heterogeneity among populations in
terms of the death rate due to coronary artery disease, even
at a similar level of blood pressure (Van den Hoogen et al
2000). The proportion of deaths attributable to cardiovascu-
lar disease has also been reported to vary among different
cohorts even at the similar serum cholesterol level. The long-
term follow-up for 25 years for 12,763 men in 16 cohorts
in Europe, the United States, and Japan showed that the
risk factors of cardiovascular disease, such as insufficient
physical activity and high serum cholesterol level, were
not significantly associated with all-cause death in several
countries including Japan (Menotti et al 2001). Since these
differences cannot be explained by other baseline character-
istics, smoking habits, or genetic difference, environmental
and/or behavioral factors may play an important role in the
development of cardiovascular diseases. The Ni-Hon-San
Study, which compared cardiovascular disease rates and
risk factors in Japanese men living in Japan, Hawaii, and
California, showed that the mortality rate due to coronary
artery disease was lowest in Japanese men living in Japan,
whereas it was highest in those living in California (Benfante
1992). Racial differences may also influence the effect of
medical treatment for CHF. Several studies demonstrated that
genetic polymorphisms and/or a difference in Bl-receptor
sensitivity, which are frequently observed in the Japanese
population, might change the pharmacokinetics or the clini-
cal effect of medical drugs, such as ACEI and B-blockers
(Kubota et al 2000; Xie et al 2001; Ranade et al 2002).

Future direction for the management
of CHF in Japan

CHF is a slowly progressive disease from stage A to stage D
unless appropriately treated as described in the ACC/AHA
guidelines (Hunt et al 2001). The strategy to manage CHF
has been changing recently from treatment to prevention
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(Bansal et al 2006). Japanese CHF patients have several
different profiles compared with Western CHF patients as
follows; (a) the prevalence of CHF of ischemic origin is
lower, (b) the percentage of elderly population is remarkably
high, and (c) the penetration rate of evidence-based medi-
cine, such as ACEI/ARB or B-blockers, is not sufficiently
high yet. The current situation of the management of CHF
in Japan is probably caused by the fact that the number of
randomized treatment trials for Japanese patients is not
enough yet. Given the expected future increase in Japanese
patients with CHF, effective prevention strategy is necessary.
Our on-going CHART-2 and SUPPORT studies will enable
us to obtain effective strategies to improve the management
of CHF in Japan,

Conclusions

The prevalence of CHF will rapidly increase in the next
decades in many industrialized countries, including Japan,
Large cohort studies with CHF patients are useful for risk
stratification and determination of preventive measures for
the disorder. Large-scale, randomized treatment trials also are
needed, especially in Japan, in order to obtain further evidence
to improve the management of patients with CHF.
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