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Table 6 Proposed definitions of cardiorenal syndrome [34].

CRS type 1 (acute CRS)

Abrupt worsening of cardiac function (e.g. acute
cardiogenic shock or decompensated congestive heart
failure) leading to acute kidney injury

CRS type Il (chronic CRS)

Chronic abnormalities in cardiac function (e.g. chronic
congestive heart failure) causing progressive and
permanent chronic kidney disease

CRS type lll (acute renocardiac syndrome)

Abrupt worsening of renal function (e.g. acute kidney
ischemia or glomerulonephritis) causing acute cardiac
disorder (e.g. heart failure, arrhythmia, ischemia)

CRS type IV (chronic renocardiac syndrome)

Chronic kidney disease (e.g. chronic glomerular disease)
contributing to decreased cardiac function, cardiac
hypertrophy and/or increased risk of adverse
cardiovascular events

CRS type V (secondary CRS)

Systemic condition (e.g. diabetes mellitus, sepsis)

causing both cardiac and renal dysfunction

CRS, cardiorenal syndrome.

(AKI) and pre-morbid chronic renal dysfunction has been
reported as a common precursor for AKI in HF patients
[30,31]. Worsening renal function, defined as a rise in serum
creatinine level >0.3mg/dl, during hospitalization for HF
is observed in 20—30% of HF patients [29]. Any change in
serum creatinine has been reported to be associated with
longer hospital stay, increased costs, and increased short-
term/long-term mortality [29]. Lower estimated GFR on
HF admission was also an independent predictor for long-
term mortality in AHF patients [32]. The mechanisms of the
relationship are multiple and complex including persistent
vasoconstriction, high renal venous pressure, elevated intra-
abdominal pressure, adenosine and tubuloglomerular feed-
back, and medicine perturbing intrarenal hemodynamics
(Table 5) [29,33].

Classification of cardiorenal syndrome

The bidirectional natures of heart and kidney interac-
tion represent the pathophysiological basis for a clinical
entity that has been called cardiorenal syndrome (CRS)
(Fig. 1). Ronco et al. proposed the new classification of
CRS to help physicians characterize groups of patients,
to provide the rationale for specific management strate-
gies, and to allow the design of future clinical trials
[34]. They defined CRS as a pathophysiologic disorder of
the heart and kidneys whereby acute or chronic dysfunc-
tion of 1 organ may induce acute or chronic dysfunction
of the other, and divided CRS into 5 different subtypes
(Table 6). The proposed mechanism of kidney—heart inter-
action is also shown in Table 5. The benefit and validity
of using this classification should be confirmed in future
studies.

Anemia in patients with CKD and/or HF

Anemia develops relatively early in the disease course of
CKD and worsens with CKD severity. McClellan et al. reported
that anemia was present in 47.7% in 5222 enrolled patients
with CKD [35] and the prevalence of anemia was strongly
associated with decreased GFR. The major mechanisms of
the development of anemia are decreased erythropoietin
production and increased erythropoietin resistance, and
other causes include decreased red blood cell life span due
to uremic toxins, chronic blood loss caused by platelet dys-
function, nutritional deficiencies [36], iron deficiency, and
elevated inflammatory cytokines [37] that may cause bone
marrow suppression.

Anemia also frequently occurred in HF patients, with
reports ranging widely from 9.0% to 79.1% [38,39], but the
majority of studies described more than 20% [40]. Pre-
vious reports suggested that decreased hemoglobin level
was associated with increased rates of death and HF-
related admission [23]. Anemia observed in HF patients
mainly is attributed to kidney-related factors described
above, and is also related with bone marrow suppression
by frequent angiotensin-converting enzyme (ACE) inhibitor
use in HF patients [41]. Because CKD and anemia fre-
quently co-exist and worsen the prognosis in patients
with HF, CRS is also named as ‘‘cardio-renal-anemia
syndrome’’ [40].

Whether the correction of anemia using erythropoiesis-
stimulating agents is beneficial or not in patients with CKD
or HF is still controversial. Previous trials have reported
that the complete normalization of hemoglobin levels in CKD
patients did increase adverse outcomes, although it might
improve cardiac function [42]. The CHOIR study revealed the
surprisingly higher rates of adverse events in CKD patients
targeted for the high hemoglobin level (13.5 g/dl) compared
with those in the low hemoglobin group (11.3g/dl) [43].
The CREATE and the TREAT studies also showed that the
complete correction of hemoglobin level did not demon-
strate any improvement in cardiovascular events [44,45].
Meanwhile, some previous studies evaluating patients with
HF showed a beneficial impact of anemia correction on HF
symptoms, left ventricular ejection fraction, and quality
of life [46,47]. However, in a recent trial in HF patients
(STAMINA-HeFT), darbepoetin alfa treatment did not signif-
icantly improve exercise duration, NYHA functional class,
or even health-related quality of life [48]. A large-scale,
double-blind, randomized morbidity and mortality trial
(RED-HF) is currently ongoing and it may demonstrate the
impact of anemia correction on mortality in those patients
[49].

Treatments of CKD patients with HF and of HF
patients with CKD

A complete description or details of treatment in patients
with CKD or HF are beyond the scope of this article, which
may appear in the authoritative clinical practice guidelines
for the treatment of CKD or HF [1,10,11]. The following
part highlights the issue regarding the treatment using RAS
inhibitors, which is the most commonly recommended ther-
apy in patients with HF or CKD.
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Reduction of proteinuria or albuminuria by treatment
is associated with the slowing of the progression of CKD
and is associated with reducing the cardiovascular events
[50—52]. Major clinical practice guidelines recommended
RAS inhibitors as the first-line therapy for patients with pro-
teinuric nephropathy [53—55]. However, several researchers
indicated that RAS blockade was not effective in patients
with early-stage CKD [56,57]. Furthermore, O’Hare et al.
estimated that 40.6% of the US population older than 70
years had stage 3 or 4 CKD, most of whom were diag-
nosed only by the decreased estimated GFR with lower
urinary protein excretion. They noted that such a popula-
tion was poorly represented in randomized controlled trials
of CKD progression [58] and thus, whether there is a ben-
efit of RAS inhibitors in such elderly CKD patients is still
unknown.

Many studies have shown that the use of ACE inhibitors
increased survival in HF patients with reduced left ventricu-
lar function [59—61]. Angiotensin Il receptor blockers (ARB)
provide comparable beneficial effect on cardiovascular out-
comes in those patients [62,63]. Several researchers have
shown that the beneficial effect of RAS inhibition on HF and
CKD seems to be independent to lowering blood pressure
(BP) [64,65].

Whether the interventions aimed at lowering BP by way of
RAS inhibition and lowering protein excretion are beneficial
simultaneously to both cardiovascular and renal outcome is
still controversial. The IDNT trial revealed that the relative
risk for reaching a renal end point progressively decreased
with the lowering in achieved systolic BP using irbesartan,
and the group below 120 mmHg did not show the increased
risk [64]. However, the risk for both all-cause mortality and
cardiovascular mortality rose in patients who achieved less
than 120 mmHg of systolic BP by a relative risk of 3.05 and
4.06, respectively, and the decrements of diastolic BP were
significantly associated with the increased rate of myocar-
dial infarction [65]. Meanwhile, the RENAAL trial showed
that patients with more than 30% reduction in urine pro-
tein excretion were associated with a significantly reduced
risk for renal outcome compared with those without such a
reduction. Furthermore, the reduction in proteinuria was
also associated with reduced cardiovascular event rates

[51].

Medical recommendations in treating HF
patients with renal impairment

Because HF patients with CKD have been not adequately
represented in randomized controlled trials of HF, most
treatments in such patients are not usually prescribed in
an evidence-based manner. The following recommendations
must be validated in future studies [10,11].

1. General principles
(1) Evaluate the CKD stage using estimated GFR and
urine albumin:creatinine ratio.
(2) Check etiology of CKD.
(3) Control BP appropriately using anti-hypertensive
medicines including RAS-inhibitors and/or beta-
blockers (<130/80 mmHg).

(4) Appropriate management of other traditional car-
diovascular risks including diabetes, dyslipidemia,
smoking, etc. is necessary.

(5) Check all CKD-related risks including anemia, serum
electrolyte abnormality, serum albumin level, reno-
toxic agents, etc.

(6) When using ACE inhibitors/ARB, contraindications in
patients must be checked thoroughly and consider
reducing dose in patients with moderate-severe CKD.

(7) Aldosterone antagonists should be used with caution
as they may cause significant hyperkalemia.

(8) Renal dysfunction is usually associated with impaired
clearance of HF medicines. The start or maintenance
doses should be reduced and plasma levels must be
monitored frequently to avoid toxicity, if possible.

(9) HF patients with CKD often have excessive salt and
water retention, which needs more intensive diuretic
treatment. In patients with severe CKD, loop diuret-
ics are more effective than thiazide diuretics.

2. AHF Patients with AKI (CRS Type 1)

(1) Evaluate status of cardiac output and renal conges-
tion.

(2) A gradual diuresis is recommended and extracor-
poreal ultrafiltration may be considered in case of
severely decreased diuretic responsiveness [66].

(3) Close monitoring of renal function and hyperkalemia
is necessary especially when RAS inhibitors are used
[67].

(4) The administration of beta-blockers is not recom-
mended until the patient has stabilized physiologi-
cally [68].

(5) The radiocontrast agent should be used in the careful
consideration for nephropathy and needs appropri-
ate prophylaxis [69].

3. Chronic HF Patients with CKD (CRS Type 2)

(1) Attention needs to be paid to reducing risk factors
and optimizing medication.

(2) Diuresis-associated hypovolemia, RAS inhibitors, and
drug-induced hypotension are contributing factors
for renal impairment [29].

(3) In patients with diabetic nephropathy and overt pro-
teinuria, the risk for congestive HF may increase
when systolic BP is decreased to less than 120 mmHg
[65].

(4) Peritoneal dialysis may be a therapeutic option for
refractory HF patients with severe CKD [70].

Current status of CKD in Japan

Iseki et al. reported that the prevalence of CKD was higher
in Japan than in other Asian countries and the USA and that
individuals with a low GFR (<60ml/min/1.73 m?) were esti-
mated to be 20% of the adult population [71]. According to
the Japanese Society for Dialysis Therapy, the prevalence of
patients with ESRD was greater than 2000 per million popu-
lation since 2005. CKD is also a major public health problem
in Japan and the Japanese Society of Nephrology published
a CKD Practice Guideline in September 2007 [72].

Most patients with CKD are diagnosed by decreased GFR,
which is usually estimated from serum creatinine level,
age, sex, and ethnicity by using the Modification of Diet
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Table 7 The equation for estimated GFR in Japan [72,74].

Estimated GFR (ml/min/1.73 m?) =194 x serum
creatinine="%% x age~0287 x 0,739 (if female)

GFR, glomerular filtration rate.

in Renal Disease (MDRD) Study equation. Several studies
have revealed that the equation for estimated GFR must
be modified properly in non-white individuals, because of
the variation in serum creatinine caused by the difference
in muscle mass, the calibration difference in serum creati-
nine assay, or the different method to measure true GFR
[73]. Matsuo et al. reported the revised GFR-equation in
2009 to enable more accurate estimation of GFR in the
Japanese population (Table 7) [74]. Imai et al. re-evaluated
the prevalence of CKD patients using this new equation in
74,024 members of the adult population who participated
in a large-scale annual health check-up program in 2005.
They concluded that about 13% of Japanese adult popula-
tion, approximately 13.3 million people, were predicted to
have CKD in 2005 [3].

Conclusions

CKD is frequently observed in HF patients and GFR had
an inverse graded association with HF severity. CKD is
one of the major predictors for admission for worsening
HF and cardiovascular/all-cause mortality in such patients.
Although a major focus of HF treatment has been on the
heart, treatment strategies also should be targeted on the
kidney. Evaluation of GFR should be performed in all patients
with HF and patients with CKD must be treated carefully
considering common pathophysiologic nature between two
organs. Given the increased incidence of both diseases which
pose significant impact on public health, patients with CKD
should be appropriately included in future trials of HF to
develop clinical evidence, which will improve the prognosis
and quality of life in patients with HF.
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LATE BREAKING CLINICAL TRIAL (JCS 2011)

Trend of Westernization of Etiology and Clinical
Characteristics of Heart Failure Patients in Japan

— First Report From the CHART-2 Study —

Nobuyuki Shiba, MD, PhD; Kotaro Nochioka, MD, PhD; Masanobu Miura, MD;
Haruka Kohno; Hiroaki Shimokawa, MD, PhD on behalf of the CHART-2 Investigators

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)

Key Words: Coronary artery disease; Heart failure; Prognosis; Risk factors

death in most developed countries.! Furthermore,

many developing countries are now catching up
with regard to this trend.! 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.>* 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.*s The most prevalent

C ardiovascular disease (CVD) is the leading cause of

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.?
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.%” Western studies reported that the most fre-
quent etiology of AHFS was ischemic in origin,®® 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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Figure 1. Map of the distribution of 24 collaborating hospitals in the Tohoku district.

patients with HF have preserved ejection fraction (pEF), as
observed in the outpatient clinic, there is no evidence-based
treatment guideline for such patients.!*!! 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).'>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."*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 p775

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.*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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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 220 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.? 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.> HF was diagnosed according to the
criteria of the Framingham Heart Study.!¢ 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
<12g/dl in women and <13 g/dl in men, following the World
Health Organization definition.'” CKD was diagnosed when
estimated glomerular filtration rate was <60ml-min-'-1.73m>2,
which was calculated using the formula for Japanese individ-
uals.!® MetS was defined according to the Japanese Commit-
tee for the Diagnostic Criteria of Metabolic Syndrome."

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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Table 1. Baseline Characteristics of the CHART-1 and CHART-2 Patients vs. HF Stage
CHART-1 ' o— CHART-2 (2010)
e e Total orCAD  StageC  StageD P value™
without HF

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 08 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 34 27 11 <0.001
40-64 (%) 29.2 29.0 29.6 28.5 2141
65—74 (%) 817 337 35.6 31.8 221
275 (%) 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 (%)
| 6.7 <0.001 474 68.3 234 9.5 <0.001
] 729 46.9 30.8 66.5 211
1] 19.5 5.3 0.8 9.8 43.2
\% 0.9 0.4 0.0 0.3 26.3

Blood pressure (nmHg), mean +SD
Systolic 126.3+19.1 0.9 128.3+18.6  130.1x17.9 126.4+19.1 119.1£22.4 <0.001
Diastolic 71.5+11.0 0.08 73.5+11.8 74.5+11.5 72.3x11.9 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/m?), 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 (%) 429 33.9 32.3 355 47.4
23.0-24.9 (%) 20.6 23.5 25.0 21.9 211
25.0-29.9 (%) 23.5 30.7 33.0 28.4 9.5
230 (%) 3.7 53 4.9 59 21

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 79.219.0 <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 28.0 218
Alcohol (%)
Never NA NA 49.8 48.5 514 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 71 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-'-1.73m-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 11564354  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 29 15.8 <0.001
Heart surgery (%) NA NA 14.4 10.9 18.6 18.9 <0.001
PCI (%) NA NA 36.8 40.6 326 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 120.6+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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Figure 3. Underlying disease of the CHART-1 and the CHART-2 patients. CAD, coronary artery disease; CM, cardiomyopathy;
HF, heart failure; w/o, without. *P<0.05 and **P<0.001 between patients in stage B/CAD, stage C, and stage D in the CHART-2
Study. 1P<0.001 between stage C/D patients in the CHART-1 Study and those in the CHART-2 Study.

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.** 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 128.3/73.5mmHg and decreased significantly with
progression of HF stage. Mean body mass index was 24.0+
3.6kg/m? and mean waist circumference was 87.249.0cm
in men and 83.1+11.2cm 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

Circulation Journal Vol.75, April 2011
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Figure 4. Comorbidities of the CHART-1 and the CHART-2 patients. AF, atrial fibrillation/flutter; CAD, coronary artery disease;
CKD, chronic kidney disease; HF, heart failure; MetS, metabolic syndrome; VT, ventricular tachycardia; w/o, without. *P<0.05
and **P<0.001 between patients in stage B/CAD, stage C, and stage D in the CHART-2 Study. 'P<0.05 and ¥P<0.001 between
stage C/D patients in the CHART-1 Study and those in the CHART-2 Study.

(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 /-
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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Figure 5. Medication of the CHART-1 and CHART-2 patients. ACEi, angiotensin-converting enzyme inhibitor; Ald., aldosterone;
ARB, angiotensin Il receptor blocker; BB, 8-blocker; CAD, coronary artery disease; CCB, calcium channel blocker; RASI, renin—
angiotensin system inhibitor; w/o, without. *P<0.05 and **P<0.001 between patients in stage B/CAD, stage C, and stage D in the
CHART-2 Study. tP<0.05 and ¥P<0.001 between stage C/D patients in the CHART-1 Study and those in the CHART-2 Study.

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 Study* 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 3-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 3-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 3-blockers, was too low in those patients (Figure 5).

Circulation Journal Vol.75, April 2011



830

SHIBA N et al.

BCHART-2: Stage-C (N=4,640)
BCHART-2: Stage-D (N=95)

100 100
i #P<0.001
1
’g . 80 | S 80
E o =
E S 60 = 60
o 3] o
£ @ =
el ——
) < 8,
S 2 40 g 40
2 o o
e 20 & 20
0 0
BCHART-1: Stage-C/D (N=1,078) S S s°
BCHART-2: Total (N=10,219) & &
OCHART-2: Stage-B or CAD w/o HF (N=5,484) Qf‘

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. TP<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.

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).'213 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.*#22! 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.?
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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Table 2. Baseline Characteristics: CHART Patients vs. Previous Western HF Studies
Fr"snt':g;‘ o A([z):o%?aE Fniﬁ::;o;'::l:y I 02',",;36352" B'(‘;s‘;s;‘s" (g::: CT:l:), (51':35 cT:/%,
(1993)'6 (2006)° 2004)* 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 (%) -5 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 19.5 233
Atrial fibrillation/flutter NA 31 NA 345 26.6 42.3 31.0
Ventricular tachycardia NA 8 NA NA NA 20.1 6.8
CKD NA " ﬂ;ﬁ:ﬁéy) NA NA ff;égg) 495 473
History of HF admission NA NA NA NA NA 27.2 53.0
Underlying disease (%)
Ischemic 535 57 83.6 58.6 440 26.4 471
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/m?), mean +SD 27.2+5.3 NA 26.8 29.1 NA 23.0+3.7 23.8+3.9
LVEF (%), meanzSD NA 34.4+16.1 38+15 441 39.0 50.9+16.0 56.9+15.5
250% (%) NA 37t 47.2 35.9t 50.6 68.7
Medication (%)
ACEI NA 41 55.0 NA NA 57.4 446
ARB NA 12 9.3 NA NA 131 31.8
B-blocker NA 48 43.2 NA NA 279 49.0
Loop diuretics NA i L il Jil-riﬁcs) 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 ;r:h(;g ;?;) L":j}’)}gﬁ"s‘;‘) NA NA 3.6 42

CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il

receptor blocker. Other abbreviations see in Table 1.
tEjection fraction >40%.

Patients at High Risk for AHFS in the CHART-2 Study
Heart failure is classified according to the 4 stages of HF syn-
drome.? 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,3%2}
and the re-hospitalization rate following HF admission is 25%
at 30 days after admission.>* 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 %% and the majority were related to CAD.?4
Other major comorbidities or cardiovascular risks in patients
admitted with AHFS included hypertension, diabetes, arrhyth-
mia and renal insufficiency.®2325 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-*” 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.282¢
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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.** 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.!” 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.?' Otherwise low body mass index has
been consistently considered to be associated with the in-
creased number of deaths in HF patients,*? 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.'21320 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;* (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.?

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.*® The overall usage rates of RAS inhibi-
tors or 3-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.* 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 (255 mm) measured
on echocardiography.

(2) Impaired left ventricular ejection fraction (<50%) measured on echo-
cardiography.

(3) Thickened interventricular septum (>12mm) 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.
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