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ardiovascular disease (CVD) is the leading cause of 
death in most developed countries.1 Furthermore, 
many developing countries are now catching up 

with regard to this trend.1 Heart failure (HF) is the end-stage 
of CVD and is becoming more common all over the world 
because of the westernization of lifestyle, the rapid aging of 
the population, and the increased number of survivors of seri-
ous cardiovascular illness due to recent advances in medical 
and surgical treatment.2,3 We previously performed a multi-
center prospective cohort study of HF patients (Chronic Heart 
Failure Analysis and Registry in the Tohoku District 1 Study: 
CHART-1) from February 2000 to December 2005 (n=1,278). 
The CHART-1 Study found that HF patients were also preva-
lent in Japan and that the prognosis was similarly poor com-
pared with that in Western countries.4,5 The most prevalent 

etiology of HF in the CHART-1 Study was non-ischemic 
cardiomyopathy (28.6%), and coronary artery disease (CAD) 
accounted for only 25.4% of the total HF patients, which 
was considerably low compared with a Western HF study.3 
Hospitalization due to the onset of acute heart failure syn-
drome (AHFS) is a key event in the disease progression of HF 
and CVD. Thus, it is important to avoid the decompensation 
of chronic HF and prevent de novo development of conges-
tive HF in CVD patients in order to improve their long-term 
quality of life.6,7 Western studies reported that the most fre-
quent etiology of AHFS was ischemic in origin,8,9 but the 
characteristics of such patients at high risk in Japan and the 
type of pathophysiologic derangement that causes decom-
pensation from stable HF remain uncertain. Furthermore, 
although a large number of studies have shown that most 
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Background:  Hospitalization due to acute heart failure syndrome (AHFS) is an indicator of worsened progno-
sis for patients with cardiovascular disease (CVD). The Chronic Heart Failure Analysis and Registry in the Tohoku 
District 2 (CHART-2) Study was designed to elucidate characteristics and prognosis of patients at high risk for 
CVD progression due to AHFS.

Methods and Results:  The CHART-2 Study is a prospective observational multicenter cohort study. Patients 
with overt HF, structural cardiac disorder but without HF, or with coronary artery disease (CAD) have been con-
secutively enrolled from October 2006. As of March 2010, a total of 10,219 patients have been recruited, making 
the Study the largest multicenter prospective cohort of HF patients in Japan. The mean patient age was 68.2± 
12.3 years and male patients accounted for 69.8%. Overt HF was observed in 46.3% of patients; and 53.7% did 
not have HF but were at high risk for AHFS. As HF stage progressed, the prognostic risks (eg, chronic kidney 
disease, reduced ejection fraction, and increased B-type natriuretic peptide level) became more prominent. 
Compared with the previous CHART-1 study, the prevalence of ischemic etiology and risk factors (hypertension, 
diabetes) have increased, as in Western studies.

Conclusions:  This first report demonstrates the trend of westernization of ischemic etiology and clinical char-
acteristics of HF patients in Japan, indicating the importance of appropriate management and prevention of CAD 
to prevent AHFS.    (Circ J  2011; 75: 823 – 833)
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patients with HF have preserved ejection fraction (pEF), as 
observed in the outpatient clinic, there is no evidence-based 
treatment guideline for such patients.10,11 Patients with HFpEF 
are characterized as being more likely to be elderly, to be 
female and to have more comorbidities (eg, chronic kidney 
disease [CKD], chronic obstructive pulmonary disease, his-
tory of stroke and malignancy). Indeed, the pathophysiol-
ogy of HFpEF is considered to be more closely related to 
those extracardiac factors compared with HF with reduced 
EF (HFrEF).12,13 Another factor that is associated with the 
acceleration of the progression of CVD is the lower rate of 
achievement of clinical guideline-recommended treatment 
goals.14,15 We need to regularly evaluate the penetration rate 
of evidence-based treatment and emphasize the appropriate 
adherence to the guidelines by physicians and patients.

Editorial p 775

Thus, we started a large-scale multicenter prospective 
cohort study, named the Chronic Heart Failure Analysis and 
Registry in the Tohoku District 2 (CHART-2) Study, of con-
secutively enrolled patients at high risk for disease pro-
gression of CVD or HF due to the development of AHFS.  
In this first report of the CHART-2 Study, we examined the 
trend of etiology of HF patients and their characteristics as 
compared with the CHART-1 Study.4,5

Methods
Study Design and Specific Objectives
The CHART-2 Study is a prospective observational multi-
center cohort study to identify the characteristics, mortality 
and prognostic risks of patients with overt HF and patients 
without HF but who are at high risk for disease progression 
of CVD. The purpose of the study was to evaluate the fol-
lowing: (1) characteristics of patients with overt HF and the 
associated prognostic risks; (2) characteristics of patients at 
risk for HF and the factors associated with CVD progres-
sion; (3) factors associated with the development of AHFS; 
(4) prevalence and prognostic impact of metabolic syndrome 
(MetS) in patients with overt HF; (5) the association between 
MetS and the development of AHFS; (6) the prevalence and 
prognostic impact of malignancy in patients with CVD; and 
(7) the prevalence of patients needing home nursing care and 
the characteristics of bedridden patients with CVD.

Information Disclosure
Rationale, design, and objectives of the CHART-2 Study were 
registered in clinicaltrials.gov (NCT00418041) and the Univer-
sity Hospital Medical Information Network (UMIN000000562) 
on the commencement of patient enrollment, and were updated 
instantly when modifications were made. Detailed infor-
mation on the CHART-2 Study is available to the public on 
the Tohoku Heart Failure Association website (http://tohoku.
cardiovascular-medicine.jp).
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Figure 1.    Map of the distribution of 24 collaborating hospitals in the Tohoku district.
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Site Selection
A total of 24 institutions, located in the Tohoku district, par-
ticipated in the CHART-2 Study (Figure 1). A society was 
organized for the collaborating members and institutions, 
named the Tohoku Heart Failure Association, before the com-
mencement of the study. The Tohoku district is located in the 
north-east of Japan and is composed of 6 prefectures, which 
include approximately 9.8 million individuals in total. The 
participating institutes and all collaborating members are listed 
in Appendix 1. Of 24 collaborating institutions, 15 hospitals 
also participated in the CHART-1 Study (Appendix 1). Pa- 
tients enrolled in those 15 institutions accounted for 74.0% 
and 75.8% of the total subjects included in the CHART-1 
and CHART-2 Studies, respectively.

Study Group
Stable patients were eligible for enrollment in the CHART-2 
Study if they were aged ≥20 years with CAD or were in 
stage B, C or D defined according to the Guidelines for the 
Diagnosis and Management of Heart Failure in Adults autho-
rized by the American College of Cardiology Foundation/
American Heart Association.2 In the present cohort study, 
patients who were asymptomatic but who had structural heart 
disease and/or impaired left ventricular (LV) function were 
categorized as being in stage B (Appendix 2). Stage C was 
defined as current or past symptoms of HF associated with 
underlying structural heart disease; and stage D was defined 
as refractory HF in which specialized and advanced treatment 
strategies were indicated.2 HF was diagnosed according to the 
criteria of the Framingham Heart Study.16 Patients who had 
been enrolled in the CHART-1 Study were not included in 
the CHART-2 Study. There were no other exclusion criteria 
in the present study. The CHART-2 Study was approved by 
the local ethics committee in each institution. Significant CAD 
was defined as either organic CAD requiring revascularization 

or vasospastic angina documented on electrocardiography or 
angiography. Eligible patients were consecutively recruited 
after written informed consent was obtained.

Data Collection and Processing
Eight clinical research coordinators (CRC) who belonged to 
the head office of the CHART-2 Study at Tohoku University 
visited collaborating hospitals regularly. They fully assisted 
attending physicians in registration, including candidate 
screening, explanation of the study design, obtainment of 
written informed consent, and data extraction from medical 
charts. Data were entered using a Web-based data collecting 
system (newly developed by Fujitsu Tohoku Systems) by 
CRC and trained keypunchers. An identification number was 
assigned to each enrolled patient and personal information 
was completely excluded. Data were recorded with regard 
to demographics, medical history, smoking history, alcohol 
use, family history of CVD, comorbidities for cardiovascular 
risks, laboratory findings, echocardiography reports, findings 
of coronary angiography, previous surgical treatments, and 
medications at entry. Anemia was defined as hemoglobin 
<12 g/dl in women and <13 g/dl in men, following the World 
Health Organization definition.17 CKD was diagnosed when 
estimated glomerular filtration rate was <60 ml · min–1 · 1.73 m–2, 
which was calculated using the formula for Japanese individ-
uals.18 MetS was defined according to the Japanese Commit-
tee for the Diagnostic Criteria of Metabolic Syndrome.19

Follow-up Survey and Study Outcomes
All follow-up data and events are surveyed once a year dur-
ing the study period. Collected data were monitored at least 
twice yearly. Planned completion of the follow-up period is 
March 2013. Several predefined outcomes including devel-
opment of AHFS, mortality and other events worsening HF 
status will be collected in the CHART-2 Study.
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Figure 2.    CHART-2 Study cumulative enrollment, showing a total of 10,219 registrations.
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Table 1.  Baseline Characteristics of the CHART-1 and CHART-2 Patients vs. HF Stage

CHART-1 
(Stage C/D, 

2004)
P value*

CHART-2 (2010)

Total
Stage B 
or CAD 

without HF
Stage C Stage D P value**

No. patients 1,078 10,219 5,484 (53.7) 4,640 (45.4) 95 (0.9)

Age (years), mean ± SD 68.7±13.4 0.8　 68.2±12.3 67.6±12.2 68.8±12.3 74.2±12.5 <0.001

    <40 (%)   3.5 0.4　   3.1   3.4   2.7   1.1 <0.001

    40–64 (%) 29.2 29.0 29.6 28.5 21.1

    65–74 (%) 31.7 33.7 35.6 31.8 22.1

    >– 75 (%) 35.6 34.2 31.4 37.0 55.8

Male (%) 64.5 0.01 69.8 71.0 68.5 64.2 0.01

Outpatients (%) NA NA 79.5 80.3 79.0 60.6 <0.001

NYHA functional class (%)

    I   6.7 <0.001 47.4 68.3 23.4   9.5 <0.001

    II 72.9 46.9 30.8 66.5 21.1

    III 19.5   5.3   0.8   9.8 43.2

    IV   0.9   0.4   0.0   0.3 26.3

Blood pressure (mmHg), mean ± SD

    Systolic 126.3±19.1　 0.9　 128.3±18.6 130.1±17.9　 126.4±19.1　 119.1±22.4　 <0.001

    Diastolic 71.5±11.0 0.08 73.5±11.8 74.5±11.5 72.3±11.9 69.2±13.2 <0.001

Heart rate (/min), mean ± SD 74.7±14.3 <0.001 71.0±14.1 69.7±13.2 72.4±15.0 72.7±14.5 <0.001

BMI (kg/m2), mean ± SD 23.0±3.7　 <0.001 24.0±3.6　 24.2±3.5　 23.8±3.9　 21.6±3.4　 <0.001

    <18.5 (%)   9.2 <0.001   6.6   4.8   8.3 20.0 <0.001

    18.5–22.9 (%) 42.9 33.9 32.3 35.5 47.4

    23.0–24.9 (%) 20.6 23.5 25.0 21.9 21.1

    25.0–29.9 (%) 23.5 30.7 33.0 28.4   9.5

    >– 30 (%)   3.7   5.3   4.9   5.9   2.1

Waist circumference (cm), mean ± SD NA NA 85.9±9.9　 86.6±9.5　 85.3±10.3 81.4±8.5　 <0.001

    Male NA NA 87.2±9.0　 87.7±8.8　 86.6±9.2　 82.6±8.1　 <0.001

    Female NA NA 83.1±11.2 83.9±10.4 82.4±11.9 79.2±9.0　 <0.001

Smoking (%)

    Never NA NA 52.7 51.7 53.7 63.2   0.052

    Current NA NA 18.2 18.3 18.3 14.9

    Former NA NA 29.1 30.1 28.0 21.8

Alcohol (%)

    Never NA NA 49.8 48.5 51.1 60.5 <0.001

    Regular NA NA 27.7 30.0 25.1 19.8

    Chance NA NA 14.7 14.4 15.2   4.7

    Former NA NA   7.8   7.1   8.5 15.1

Cardiothoracic ratio (%), mean ± SD NA NA 52.1±6.5　 50.7±5.8　 53.6±6.9　 57.0±8.1　 <0.001

Laboratory findings, mean ± SD

    Hemoglobin (g/dl) 13.0±2.2　   0.007 13.4±2.0　 13.6±1.8　 13.2±2.2　 12.0±2.5　 <0.001

    eGFR (ml · min–1 · 1.73 m–2) 60.9±30.7 0.9　 64.5±22.6 67.5±21.2 61.1±23.5 53.2±29.6 <0.001

    HDL-cholesterol (mg/dl) NA NA 52.2±15.4 52.9±15.3 51.5±15.6 50.8±14.9 <0.001

    LDL-cholesterol (mg/dl) NA NA 105.7±30.0　 106.3±29.4　 105.3±30.9　 93.7±26.2   0.001

    Fast plasma glucose (mg/dl) NA NA 116.7±36.8　 115.6±35.4　 118.0±38.1　 115.6±49.3　 0.01

    Hemoglobin A1c (%) NA NA 5.8±1.0 5.8±0.9 5.9±1.0 5.8±1.1 <0.001

    Uric acid (mg/dl) NA NA 5.9±1.6 5.7±1.5 6.2±1.8 6.6±2.2 <0.001

Other intervention

    CRT/ICD (%)   1.5   0.002   1.9   0.9   2.9 15.8 <0.001

    Heart surgery (%) NA NA 14.4 10.9 18.6 18.9 <0.001

    PCI (%) NA NA 36.8 40.6 32.6 26.3 <0.001

BNP (pg/ml), mean ± SD 273.0±352.6 <0.001 145.4±249.3   97.6±188.1 191.4±283.5 454.3±555.6 <0.001

Urine albumin (mg/g · Cre), mean ± SD NA NA 129.6±476.7 106.5±429.9 157.6±530.1 180.9±330.0   0.001

HF, heart failure; CAD, coronary artery disease; NYHA, New York Heart Association; BMI, body mass index; NA, not applicable; eGFR, estimated 
glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRT, cardiac resynchronization therapy; ICD, implantable 
cardioverter defibrillator; PCI, percutaneous coronary intervention; BNP, B-type natriuretic peptide; Cre, creatinine. 
*Comparison of stage C/D patients in the CHART-1 Study with those in the CHART-2 Study. **Comparison of stage B/CAD, stage C, and stage 
D in the CHART-2 Study.
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Statistical Analysis
We divided the study patients into 3 groups: patients with 
CAD but without HF or who were in stage B; those in stage C; 
and those in stage D. Comparisons of data between the 3 
groups were performed using ANOVA test for continuous 
variables and chi-squared test for dichotomous variables. Con-
tinuous data are given as mean ± SD. In order to elucidate the 
trend of HF in Japan, we selected overt HF patients from 
the CHART-1 Study (n=1,078, 84.4% of the total cohort), 
who were categorized as being in stages C or D. We then 
compared the characteristics of the stage C/D patients in the 
CHART-1 Study with those in the CHART-2 Study.4,5 All 
statistical analyses were performed using IBM SPSS Statis-
tics 19.0, and statistical significance was defined as 2-sided 
P<0.05.

Results
The enrollment of patients in the CHART-2 Study was started 
in October 2006. The registration period was prolonged once 
to achieve the target enrollment number. As of March 2010, 
a total of 10,219 patients have been enrolled at 24 institutions 
and the recruitment of patients has been closed, making the 
Study the largest multicenter prospective cohort of HF pa-
tients in Japan (Figure 2).

Clinical Profiles of the CHART-2 Patients at Registration
The mean age of the total study population was 68.2±12.3 
years. Male patients accounted for 69.8%, and 79.5% of the 

total subjects were outpatients. In the present study, 5,484 
patients (53.7%) did not have HF but had CAD or cardiac 
structural disorder. The stage C group included 4,640 patients 
and accounted for 45.4% of the entire cohort, while 95 patients 
(0.9%) were classified as being in stage D. Baseline char-
acteristics of the CHART-1 stage C/D patients and the total 
CHART-2 subjects are given in Table 1. These data includ-
ing age, sex, vital signs, HF symptoms, anthropometric data, 
history of smoking, alcohol use, and laboratory findings illus-
trate the difference in patient characteristics between the 2 
studies performed at approximately 6-year intervals. Etiology, 
comorbidity, medication and echocardiographic findings at 
registry in the 2 studies are also given in Figures 3–6, respec-
tively.

Baseline Characteristics and Different Clinical Profile vs.  
HF Stage
Clinical profiles of the CHART-2 patients were considerably 
different between the 3 HF stages. Mean age increased and 
HF symptoms became more severe as HF stage progressed 
(Table 1). Mean systolic/diastolic blood pressure at registra-
tion was 128.3/73.5 mmHg and decreased significantly with 
progression of HF stage. Mean body mass index was 24.0± 
3.6 kg/m2 and mean waist circumference was 87.2±9.0 cm  
in men and 83.1±11.2 cm in women. The factors for obesity 
status significantly decreased with HF severity (Table 1). 
MetS as defined by the Japanese criteria was also signifi-
cantly less frequent in patients in stage C or D compared 
with those in stage B or those who had CAD but without HF 
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(Figure 4). Approximately 18% of patients with CVD had  
a smoking habit and approximately 28% of the total patients 
were regular alcohol drinkers (Table 1).

Etiology of CVD in the CHART-2 patients is shown in 
Figure 3. CAD was the most prevalent etiology of CVD 
(53.1%), and approximately 20% of patients had valvular ab-
normalities as a cause of CVD. Cardiomyopathy accounted 
for 13.6% of the CHART-2 patients, and the prevalence in-
creased as HF stage progressed. Myocardial diseases due to 
sarcoidosis or amyloidosis were observed in 0.7% of the total 
population.

Figure 4 illustrates comorbidities of the CHART-2 pa-
tients. The proportion of patients with a history of hospitaliza-
tion for HF was 52.5% in stage C and 74.7% in stage D. 
Histories of hypertension or dyslipidemia were very common 
(74.9% and 71.8%), and diabetes was observed in 22.5% of 
the total population. Approximately 12% of patients had  
malignant neoplasm at enrollment. The prevalence of CKD 
increased significantly as HF stage progressed, accompanied 
by an increased percentage of patients with anemia and ele-
vated urine albumin excretion (Table 1). Patients with overt 
HF, who were categorized in stages C or D, were also char-

acterized by higher prevalence of atrial fibrillation/flutter, 
ventricular tachycardia and a history of stroke.

Heart surgery and percutaneous coronary intervention were 
performed in 14.4% and in 36.8% of the study population, 
respectively. The rates of use of implantable cardioverter 
defibrillator and cardiac resynchronization therapy were the 
highest in stage D (Table 1).

Figure 5 shows the usage rates of medication in the 
CHART-2 patients. A total of 64.6% of patients were treated 
with renin – angiotensin system (RAS) inhibitors, and β-
blockers were used in 40.4% of patients. The penetration 
rates of such standard medication for HF were the highest in 
stage C but decreased in stage D patients. Aldosterone in-
hibitors, digitalis, warfarin, and amiodarone were used most 
frequently in stage D patients.

Echocardiographic findings and LVEF are shown in 
Figure 6. As HF stage progressed, LV end-diastolic dimen-
sion was increased, LVEF was decreased, and the percentage 
of patients with low EF was increased. Patients with HFpEF 
comprised 69.1% and 51.1% of stage C and D subjects, 
respectively. B-type natriuretic peptide (BNP) level was also 
increased as HF stage progressed (Table 1).
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Comparisons of Baseline Characteristics Between  
the CHART-1 Patients and the CHART-2 Patients  
or Those in Western Studies
The baseline characteristics of stage C/D patients enrolled  
in the previous CHART-1 Study4,5 are given in Table 1 and 
Figures 3–6. Table 2 lists the comparisons of registration 
data in overt HF patients between CHART-1, CHART-2, and 
several observational Western cohort studies.

Mean age, blood pressure, and prevalence of CKD were 
similar between overt HF patients in the CHART-1 Study and 
those in the CHART-2 Study (Tables 1,2). As compared with 
the CHART-1 patients, however, those in the CHART-2 Study 
were characterized by a higher proportion having CAD as an 
etiology of HF (47.1%), the higher prevalence of histories of 
hypertension and diabetes (74.3% and 23.3%, respectively), 
more frequent HF admission history (53.0%), and a higher 
proportion having HFpEF (68.7%; Table 2; Figures 3–5). 
The usage rate of RAS inhibitors and β-blockers for overt HF 
patients in the CHART-1 and CHART-2 Studies increased 
from 69.1% to 72.3% and from 27.9% to 49.0%, respectively. 
In contrast, the usage rate of loop diuretics and digitalis 
decreased from 76.3% to 50.9% and from 48.1% to 23.5%, 

respectively (Figure 5).
Table 2 summarizes the baseline characteristics of overt 

HF patients in the CHART-1 Study, the CHART-2 Study, and 
Western observational cohort studies. Compared with Western 
patients, the CHART patients were characterized by less fre-
quent ischemic etiology of HF, lower systolic blood pressure, 
less frequent diabetes, lower body mass index, and more fre-
quent HFpEF. Usage rates of RAS inhibitors and β-blockers 
were similar between the CHART-2 patients and the Western 
HF patients except for the use of diuretics.

Characteristics of Patients in Stage B or Having CAD but  
Without HF
Patients in stage B or having CAD but without HF were 
characterized by younger age (67.6 years), a higher propor-
tion of male patients (71.0%), less severe symptoms, and 
higher EF compared with patients in stages C or D (Table 1; 
Figure 6). The prevalence of cardiovascular risks such as 
hypertension, diabetes, and dyslipidemia, however, was simi-
larly high (Figure 4), BNP was mildly elevated (Table 1), and 
the usage rate of standard HF treatment, such as RAS inhibi-
tors and β-blockers, was too low in those patients (Figure 5).
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Discussion
The clinical characteristics and prognosis of patients at high 
risk for disease progression due to development of AHFS have 
been poorly described, and thus epidemiological research 
involving such patients is extremely important in preventing 
the disease progression of HF and CVD. The CHART-2 Study 
is the first and the largest multicenter prospective cohort of 
consecutively enrolled patients at high risk for CVD pro-
gression due to AHFS in Japan. The Tohoku University head 
office and the CRC fulfilled their function to enroll patients 
in collaborating hospitals located in the Tohoku area, and 
the newly developed Web-based entry system also supported 
smooth entry of patient data.

Major Findings of the Present Analysis
Analysis of the registration data provides several new find-
ings regarding patients with HF and those at risk of disease 
progression due to development of AHFS. First, when the 
CHART-2 patients were compared with the CHART-1 pa-
tients, a trend of increasing ischemic etiology and comorbidi-
ties of diabetes and hypertension was evident in Japanese 
patients with HF, whereas those risks had been more promi-
nent in Western patients with HF (Table 2; Figures 3,4). 
Second, in the CHART-2 Study approximately 54% of pa-
tients were classified as being in stage B or having CAD 
without overt HF. In those patients, the plasma BNP concen-
tration was mildly elevated and the cardiovascular risk profile 
was also similar to that of patients in stages C or D (Table 1; 
Figures 3–5). Third, the severity of prognostic risks includ-
ing reduced EF, elevated BNP, comorbidity of CKD, and low 

hemoglobin level were exacerbated progressively as HF stage 
progressed in the CHART-2 patients (Table 1; Figures 4,6). 
Fourth, the prevalence of HFpEF patients was higher (68.7%) 
in the CHART-2 Study compared with the CHART-1 Study, 
demonstrating the trend of increasing prevalence of HFpEF 
(Figure 6).12,13 Finally, the usage rates of standard medica-
tions in the CHART-2 patients were increased compared with 
the CHART-1 patients, but the usage was still too low, espe-
cially in the stage B patients (Figure 5).

Clear Trend of Increasing Prevalence of Ischemic HF  
in Japan
Several observational studies have previously demonstrated 
that the prevalence of CAD as an etiology in HF patients was 
25–32% in Japan.3,4,20,21 The prevalence of HF patients with 
ischemic etiology in the CHART-2 Study was dramatically in-
creased compared with that in the CHART-1 Study, approach-
ing the prevalence observed in Western subjects (Table 2, 
Figure 3). The prevalence of hypertension and diabetes, which 
are significant risks for developing CAD, similarly increased 
in the CHART-2 patients compared with the CHART-1 pa-
tients (Table 2, Figure 4). The report of the MIYAGI-AMI 
Registry Study showed the steady trend of increasing inci-
dence of acute myocardial infarction in 30 years in Japan.22 
We speculate that the clear trend of increasing prevalence of 
CAD as an etiology of HF is due to the following reasons: 
(1) the number of CAD patients has been increasing due to 
accelerated westernization of lifestyle in Japanese people; and 
(2) the number of survivors after acute coronary event has 
dramatically increased due to the recent progress in treatment.
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Figure 6.    Left ventricular dimension and ejection fraction of the CHART-1 and CHART-2 patients. CAD, coronary artery dis-
ease; EF, ejection fraction. *P<0.001 between patients in stage B/CAD, stage C, and stage D in the CHART-2 Study. †P<0.001 
between stage C/D patients in the CHART-1 Study and those in the CHART-2 Study. #P-value for the difference in distribution 
of ejection fraction between stage C/D patients in the CHART-1 Study and those in the CHART-2 Study.
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Patients at High Risk for AHFS in the CHART-2 Study
Heart failure is classified according to the 4 stages of HF syn-
drome.2 Stage A and stage B are pre-HF stages but appropri-
ate identification and treatment are needed to prevent the pro-
gression to overt HF, which is equivalent to the development 
of de novo AHFS. In the present study, we enrolled patients 
without HF but with CAD, patients with structural heart dis-
ease but without HF (stage B), and patients with overt HF 
(stages C and D) in order to include patients at high risk for 
developing AHFS.

In Western HF patients, approximately 60–80% of patients 
hospitalized due to AHFS have a previous history of HF,8,9,23 
and the re-hospitalization rate following HF admission is 25% 
at 30 days after admission.24 These findings suggest that pa-
tients in stages C or D are the most susceptible group to AHFS. 
Approximately one-third of AHFS cases are considered to be 
de novo AHF,8,9,23 and the majority were related to CAD.24,25 
Other major comorbidities or cardiovascular risks in patients 
admitted with AHFS included hypertension, diabetes, arrhyth-
mia and renal insufficiency.8,9,23,25 In the present study, the 
stage B patients were characterized by a high number of car-
diovascular risks along with some cardiac structural abnor-
malities, and 58.2% of those patients had CAD (Figures 3, 

4). For these reasons, we also enrolled stage B patients and 
those with CAD but without HF, as patients at high risk for 
developing AHFS.

HF Stage Progression and Exacerbation of Cardiovascular  
Risk
Baseline characteristics of the CHART-2 patients showed the 
graded effects of HF stage on cardiovascular risk and comor-
bidity. As the HF stage progressed from stage B to stage D, 
mean age, number of female patients, heart rate, cardiotho-
racic ratio, LV dimension, and plasma BNP concentration 
increased significantly; whereas blood pressure, hemoglobin 
level, body mass index, waist circumference and EF de-
creased significantly (Table 1; Figures 3–6). In the present 
study the BNP level was mildly elevated in patients with 
CAD but without HF or in those in stage B, and was signifi-
cantly increased with the decline of EF and exacerbation of 
HF stage (Table 1; Figure 6). It has also been reported that 
stage B patients had increased BNP level with heightened 
risk of mortality or cardiovascular events.26,27 CKD is also 
an extensive public health problem and is more prevalent in 
patients with CVD or with CVD-related risk factors, such as 
hypertension, diabetes mellitus, dyslipidemia, and MetS.28,29 

Table 2.  Baseline Characteristics: CHART Patients vs. Previous Western HF Studies

Framingham 
Study 

(1993)16

ADHERE 
(2005)8

EuroHeart 
Failure Survey II 

(2006)9

Owan et al 
(2006)12

Bhatia et al 
(2006)13

CHART-1 
(Stage C/D, 

2004)4

CHART-2 
(Stage C/D, 

2010)

No. patients 652 105,388 3,580 4,596 2,450 1,078 4,735

Age (years), mean ± SD 70.0±10.8 72.4±14.0 69.9±12.5 73.0 73.1 68.7±13.4 68.9±12.3

Male (%)   51 48 61.3 55.5 52.4 64.5 68.4

Blood pressure (mmHg), mean ± SD

    Systolic 150.9±27.6　   144±32.6 NA NA 150.0　 126.3±19.1　 126.3±19.2　

Heart rate (/min), mean ± SD 78.6±14.6 NA NA NA NA 74.7±14.3 72.4±14.9

Comorbidity (%)

    Hypertension   74 73 NA 54.9 51.3 47.4 74.3

    Diabetes   19 44 NA 33.7 36.3 19.5 23.3

    Atrial fibrillation/flutter NA 31 NA 34.5 26.6 42.3 31.0

    Ventricular tachycardia NA   8 NA NA NA 20.1   6.8

    CKD NA 30 (renal 
insufficiency) NA NA 20.1 (Cre 

<1.7 mg/dl) 49.5 47.3

    History of HF admission NA NA NA NA NA 27.2 53.0

Underlying disease (%)

    Ischemic 53.5 57 53.6 58.6 44.0 26.4 47.1

    Hypertensive 23.6 NA 62.5 NA NA 17.7   9.9

    Valvular 16.0 NA 34.4   4.7 NA 23.8 23.8

BMI (kg/m2), mean ± SD 27.2±5.3　 NA 26.8 29.1 NA 23.0±3.7　 23.8±3.9　

LVEF (%), mean ± SD NA 34.4±16.1 38±15 44.1 39.0 50.9±16.0 56.9±15.5

    >– 50% (%) NA   37† 47.2   35.9† 50.6 68.7

Medication (%)

    ACEI NA 41 55.0 NA NA 57.4 44.6

    ARB NA 12   9.3 NA NA 13.1 31.8

   β-blocker NA 48 43.2 NA NA 27.9 49.0

    Loop diuretics NA 70 
(all diuretics)

71.2 
(all diuretics) NA NA 76.3 50.9

    Digitalis NA 28 26.6 NA NA 48.1 23.5

    Nitrate NA 26 NA NA NA 16.8 26.3

    Amiodarone NA 11 (all anti-
arrhythmics)

12.9 (all anti-
arrhythmics) NA NA   3.6   4.2

CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II 
receptor blocker. Other abbreviations see in Table 1.
†Ejection fraction >40%.



Circulation Journal  Vol.75,  April  2011

832 SHIBA N et al.

Furthermore, CKD is also a significant aggravating factor in 
those patients. As shown in Figure 4, the number of patients 
with CKD increased with the severity of HF stage. Anemia 
or low hemoglobin level is associated with poor prognosis  
in HF patients.30 Hemoglobin level was decreased in the 
CHART-2 patients, reflecting the worsening in severity of 
HF and CKD in those patients (Table 1; Figure 4). MetS 
involves a cluster of important risk factors, including central 
obesity, elevated fasting plasma glucose, dyslipidemia, and 
high blood pressure and has become a leading health con-
cern due to the strong link to CVD.19 A recent meta-analysis 
of 87 studies reported that MetS is associated with a 2-fold 
increase in cardiovascular outcomes and a 1.5-fold increase 
in all-cause mortality.31 Otherwise low body mass index has 
been consistently considered to be associated with the in-
creased number of deaths in HF patients,32 and the prognostic 
influence of MetS in those patients remains uncertain. The 
present study demonstrates that both body mass index and 
the prevalence of MetS in the CHART-2 patients were signifi-
cantly decreased as HF stage progressed (Table 1; Figure 4).

Increasing Prevalence of HFpEF in the CHART-2 Study
Approximately half of the HF patients have normal or pre-
served EF, called HFpEF.12,13,20 In the CHART-2 Study the 
prevalence of HFpEF was increased compared with the 
CHART-1 Study (68.7% vs. 50.6%; Table 2; Figure 6). Al-
though the reason for the increasing prevalence of HFpEF 
remains unknown, we suggest the following: (1) the Japanese 
population is rapidly aging and the percentage of elderly HF 
patients has increased;3 (2) the prevalence of hypertension 
has increased as a comorbidity of HF (Table 2); and (3) 
the recent progress in reperfusion therapy has contributed to 
preservation of EF after acute coronary events.22

Use of Standard Medication for CVD in the CHART-2  
Patients
It has previously been reported that standard HF treatments 
were not used in patients who would have benefited from 
such medications.33 The overall usage rates of RAS inhibi-
tors or β-blockers in the CHART-2 patients were 64.6% and 
40.4%, respectively (Figure 5). Although the penetration 
rate of such treatment was increased in overt HF patients in 
the CHART-2 Study compared with the CHART-1 Study 
(Table 2), it was still too low, especially in stage B patients 
(Figure 5). Further investigation is necessary to evaluate 
how such a low treatment rate of evidence-based medicine 
affects the prognosis of stage B patients.

Study Limitations
Several limitations in the design of the CHART-2 Study 
should be mentioned. First, the present study did not include 
data regarding physical inactivity, diet or nutrition, all of 
which are important modifiable risks for developing CVD. 
Second, all subjects in the CHART studies were Japanese 
people, which may limit extrapolation of the results to pa-
tients in Western countries. Third, the difference of the entry 
criteria in the CHART-1 and CHART-2 Studies might limit 
accurate comparison of enrolled patients in those 2 studies. 
Fourth, the primary design of the present study did not cover 
chronic lung disease, which has been recently recognized as 
one of the important cardiovascular risks.34 In order to address 
this important issue, we started a retrospective survey on 
chronic obstructive pulmonary disease in the CHART-2 pa-
tients from April 2010.

Conclusions
The CHART-2 Study demonstrates the trend of increasing 
westernization of etiology, and the prevalence of hyper-
tension and diabetes in HF patients in Japan. Although the 
number of HF patients is predicted to increase dramatically 
in the near future, the usage rate of standard medications in 
patients with CVD or HF is still too low, especially in stage 
B patients. Given the growing number of patients with CVD 
and HF in Japan, strategies preventing the development of 
CAD must be given top priority.
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Appendix 2
Subjects in stage B must meet at least one of the following criteria and 
must not have signs, symptoms, or history of hospitalization for heart 
failure.
(1)	 Enlarged left ventricular end-diastolic dimension (≥55 mm) measured 

on echocardiography.
(2)	 Impaired left ventricular ejection fraction (≤50%) measured on echo-

cardiography.
(3)	 Thickened interventricular septum (>12 mm) and/or thickened left 

ventricular posterior wall (>12 mm) measured on echocardiography.
(4)	 Significant valvular stenosis/insufficiency.
(5)	 Significant myocardial abnormalities.
(6)	 Congenital abnormalities.
(7)	 Previous cardiac surgery.


