EERA | WXHA VA EgEekD | E B 4 Hit4 |HE | =Y
TREEE 4
EERE, | LDRRBEOBE floar® View. I
1128 EFRICEWVIID DRIRET Vol 19. et :»ér'rim‘é Lo xp (2015 |178-184
D> 2. RHREBEEZD:
RHERE, | 5 Eﬁ%ﬁi’%&%lfﬂﬂ N
i en e A R PEESTRIITOT e pos o
1.113)
ACSTE DOMT & L T4 )
}%g‘j 5%;% %‘;E%g:g ‘;%;;&ﬁ%ﬁw Heart View i:jjﬁf‘/ 2014 [508-512
ARYs
FERERAL L Z A bV FREE BE | N—U | HEE
Sakatay,
Miyata S,
Nochioka K,
Miura M, Gender differences in clinical
Takada T, characteristics, treatment and
Tadaki S, long-term outcome in patients with | Circ J 78 | 428-435 2014
Takahashi J, stage C/D heart failure in Japan.
Shimokawa H, | Report from the CHART-2 study
on behalf of
the CHART-2
Investigators.
Miura M,
Sakata y,
Miyata S, Prevalence, predictors and 9976 )
Nochioka K, prognosis of patients with heart Circ d 78 2014
Takada T, failure requiring nursing care. 2283
Tadaki S,
Ushigome R,




Yamauchi T,
Kenjiro S,
Onose T,

Tsuji K, Abe R,
Takahashi J,
Shimokawa H

Miura M,
Sakata ¥y,
Miyata S,
Nochioka K,
Takada T,
Tadaki S,
Ushigome R,
Yamauchi T,
Takahashi J,
Shimokawa H

Prognostic impact of subclinical
microalbuminuria in patients with

chronic heart failure.

Circ J

78

2890-2898

2014

Satake H,
Fukuda K,
Sakata Y,
Miyata S,
Nakano M,
Kondo M,
Hasebe Y,
Segawa M,
Shimokawa H

Current status of primary
prevention of sudden cardiac death
with implantable cardioverter
defibrillator in patients with
chronic heart failure — a report
from the CHART-2 Study.

Circ d

79

381-390

2015

Nochioka K,
Sakata Y,
Miyata S,
Miura M,
Takada T,
Tadaki S,
Ushigome R,
Yamauchi T,
Takahashi J,
Shimokawa H

Prognostic impact of statin use in
patients with heart failure and

preserved ejection fraction

Circ d

79

574-582

2015




Onose T,
Nochioka K,
Sakata y,
Miura M,
Tadaki S,
Ushigome R,
Yamauchi T,
Sato K, Tsuji
K, Abe R,
Miyata S,
Takahashi J,
Shimokawa H

Predictors and prognostic impact of
post-traumatic stress disorder after
the great East Japan earthquake in
patients with cardiovascular

disease

Circ J

79

664-667

2015

Ushigome R,
Sakata y,
Nochioka K,
Miyata S,
Miura M,
Tadaki S,
Yamauchi T,
Sato K,

Onose T,
Tsuji K, Abe R,
Takahashi J,
Shimokawa H

Improved Long-Term Prognosis of
Dilated Cardiomyopathy With
Implementation of
Evidenced-Based Medication
Report From the CHART Studies

Circ J.

in press

2015

Sato K,
Sakatay,
Miura M,
Tadaki S,
Ushigome R,
Yamauchi T,
Onose T,
Tsuji K, Abe R,
Nochioka K,
Takahashi J,
Miyata S,
Shimokawa H

Comprehensive Risk Stratification
of Japanese Patients With Aortic
Stenosis - A Proposal of a New
Risk Score from the CHART-2
Study.

Circ d

in press

2015




Miura M,

Sakata y,
Miyata S,
Nochioka K, ] )
Different Prognostic Impacts of
Takada T, ) . i
) Diabetes Mellitus in Chronic Heart
Tadaki S, ] )
) Failure between Patents with and ) .
Ushigome R, ) ) Circ J in press 2015
) Those without Ischemic Heart
Yamauchi T, ) i i
B Disease -With a Special Reference
Kenjiro S, to Neok h
o Nephropathy
Onose T, phrop
Tsuwji K, Abe R,
Takahashi J,
Shimokawa H
Sai E,
Shimada K,
Miyauchi K,
Masakiy, Increased cystatin-C levels as a
Kojima T, risk factor of cardiovascular events
Miyazaki T, in patients with preserved
Kurata T, estimated glomerular filtration Heart Vessels in press 2015
Ogita M, rate after elective percutaneous
Tsuboi S, coronary intervention with
Yoshihara T, drug-eluting stents.
Miyazaki T,
Ohsaka A,
Daida H
Konishi H,
Miyauchi K,
Kasai T,
Tsuboi S, Ogita
M Long-term effect of B-blocker in
’ ] ST-segment elevation myocardial
Naito R, . . o
o infarction in patients with Heart Vessels in press 2015
Nishizakiy, . )
) preserved left ventricular systolic
Okail, ) ] )
function: a propensity analysis
Tamura H,
Okazaki S,
Isoda K,
Daida H.




Ogita M,

Miyauchi K,
Kasai T, Doi S, | Impact of preprocedural
Wada H, high-sensitive C-reactive protein
Naito R, levels on long-term clinical
Konishi H, outcomes of patients with stable J Cardiol in press 2015
Tsuboi S, coronary artery disease and chronic
Dohi T, kidney disease who were treated
Tamura H, with drug-eluting stents.
Okazaki S,
Daida H
Sai E, )
Shimada K,
Yokoyama T,
Sato S, ) .
_ Evaluation of myocardial
Nishizakiy, ) )
) triglyceride accumulation assessed

Miyazaki T, )
Hiki M by 1H-magnetic resonance Internal Med 54 | 367-373 2015

iki M,

spectroscopy in apparently healthy
Tamura Y, ]
] Japanese subjects
Aoki S,
Watada H,
Kawamori R,
Daida H.
Konishi H,
Miyauchi K,
Kasai T,
Tsuboi S, Ogita
M, Impact of lipoprotein(a) as residual
Naito R, Sai E, | risk on long-term outcomes in ]
i ] Am J Cardiol 115 | 157-160 2015

Fukushima Y, | patients after percutaneous
KatohY, coronary intervention.
Okai I,
Tamura H,
Okazaki S,
Daida H.
Ogita M, Circulating soluble LR11, a novel
Miyauchi K, marker of smooth muscle cell )

] . L Atherosclerosis | 237 | 374-378 2014
Jiang M, proliferation, is enhanced after
Kasai T, coronary stenting in response to




Tsuboi S, Naito

vascular injury.

R, Konishi H,
Dohi T,
Yokoyama T,
Okazaki S,
Shimada K,
Bujo H,
Daida H
Da1y,
Konishi H, Red cell distribution width predicts
Takagi A, short- and long-term outcomes of
. . . ) Exp Ther Med 8 | 600-606 2014
Miyauchi K, acute congestive heart failure more
Daida H. effectively than hemoglobin.
Someya Y, ]
. Cardiorespiratory fitness and the
Kawai S, o )
incidence of type 2 diabetes: BMC
Kohmura'y, ) 14 | 493 2014
) a cohort study of Japanese male Public Health.
Aoki K,
. athletes.
Daida H.
Saito M,
Ueshima K,
Saito M,
Iwasaka T, ) o
. Japanese Cardiac Rehabilitation
Daida H. )
) Survey Investigators. Safety of
Kohzuki M, . .
exercise-based cardiac ) 1646-
Makita S, o ) ) Circ J 78 2014
rehabilitation and exercise testing 1653
Adachi H, ) )
for cardiac patients in Japan: a
Yokoi H, ) )
nationwide survey
Omiya K,
Mikouchi H,
Yokoyama H,
Goto Y
Maruyama M,
Daimon M, )
Early hemodynamic performance of
Kawata T, _ ] ] ] ] 1372-
the trifecta bioprosthetic valve in Circ J 78 2014
Kasai T, ] ) ) ) 1378
. patients with aortic valve disease
Ichikawa R,
Miyazaki S,




Ohmura H,
Yamamoto T,
Amano A,
Daida H

Masuda H,
Miyazaki T,
Shimada K,
Tamura N,
Matsudaira R,
Yoshihara T,
Ohsaka H,
Sai E,
Matsumori R,
Fukao K,
Hiki M,
Kume A,
Kiyanagi T,
Takasakiy,
Daida H.

Disease duration and severity
impacts on long-term
cardiovascular events in Japanese

patients with rheumatoid arthritis

J Cardiol

64

366-370

2014

Konishi H,
Miyauchi K,
Kasai T,
Tsuboi S, Ogita
M,

Naito R,
KatohY,
Okai I,
Tamura H,
Okazaki S,
Daida H

Long-term prognosis and clinical
characteristics of young adults (<40
years old) who underwent

percutaneous coronary intervention

J Cardiol

64

171-174

2014

Miyazaki T,
Hiki M,
Shimada K,
Kume A,
Kiyanagi T,
Sumiyoshi K,
Daida H

High Molecular Weight
Adiponectin Level is Associated
with Atherogenic Lipoprotein
Profiles in Healthy Japanese Males

J  Atheroscler
Thromb

21

672-679

2014




Miyazaki T,

Shimada K,
Hki M, Kume
A, Kitamura Y, | High hexacosanoic acid levels are
Oshida K, associated with coronary artery Atherosclerosis. | 223 | 429-433 2014
Yanagisawa N, | disease
Kiyanagi T,
Matsumori R,
Daida H
Daida H, The relationship between
Teramoto T, low-density lipoprotein cholesterol
Kitagaway, levels and the incidence of
Matsushita Y, | cardiovascular disease in high-risk | Int Heart J 55 | 39-47 2014
Sugihara M patients treated with pravastatin:

main results of the APPROACH-J

study.
Naito R,
Miyauchi K,
Ogita M, Kasai | Impact of admission glycemia and
T, Kawaguchi | glycosylated hemoglobin Alc on
Y, Tsuboi S, long-term clinical outcomes of J Cardiol 63 | 106-111 2014
Konishi H, non-diabetic patients with acute
Okazaki S, coronary syndrome
Kurata T,
Daida H
Hosokawa K,
Ando S,
Tohyama T, ] ) ]
Kiyokawa T, Estimation of nocturnal card‘hac
Tanaka Y, 0}1tput }.)y au‘tomatefi analysis of Int J Cardiol 181 | 14-16 2015
Otsubo H. circulation time derived from
Nakamura R, polysomnography
Kadokami T,
Fukuyama T




IV. WFEAEOTATY - Bkl



Advance Publication by-J-STAGE

y A\ Circulation Journal
Official Journal of the Japanese Circulation Society
http: //www.j-circ.or.jp

Comprehensive Risk Stratification of Japanese
Patients With Aortic Stenosis

— A Proposal of a New Risk Score From the CHART-2 Study —

Kenjiro Sato, MD; Yasuhiko Sakata, MD, PhD; Masanobu Miura, MD, PhD; Soichiro Tadaki, MD;
Ryoichi Ushigome, MD; Takeshi Yamauchi, MD; Takeo Onose, MD; Kanako Tsuji, MD;
Ruri Abe, MD; Kotaro Nochioka, MD, PhD; Jun Takahashi, MD, PhD; Satoshi Miyata, PhD;
Hiroaki Shimokawa, MD, PhD on behalf of the CHART-2 Investigators

Background: The risk of patients with aortic stenosis (AS) should be stratified not only by AS severity but also by
comorbidities.

Methods and Results: We aimed to develop a risk score for mortality in 412 patients with AS (pressure gradient
>30mmHg, mean age 74.9 years, male 52.4%) in the CHART-2 Study (n=10,219). During a 3-year follow-up, 73
(17.7%) patients died. Crude 3-year mortality of patients in New York Heart Association (NYHA) classes I, Il, and IlI/
IV was 9.5%, 16.5%, and 49.7%, respectively (P<0.001). Stepwise Cox regression analysis showed that the combi-
nation of 7 factors was the best model to predict the mortality of AS patients, who were scored according to their
hazard ratios, including NYHA class llI-IV (score 6), male sex (3), serum albumin level <4 g/dl (2), aortic peak flow
>4.5m/s (2), age 275 years (2), chronic kidney disease (2), and anemia (1). Receiver-operating characteristic
analysis showed excellent association between the sum of the scores and 3-year mortality (area under the curve,
0.78). The multivariate Cox proportional hazard model demonstrated that the present risk score also well stratified
the mortality risk.

Conclusions: The present study demonstrates that, in addition to the classical prognostic factors related to symp-
toms and AS severity, various comorbidities are associated with mortality. Thus, the present comprehensive risk
score may be useful for risk stratification of AS patients.

Key Words: Aortic stenosis; Heart failure; Risk score

prevalence of valvular heart disease, particularly aortic

stenosis (AS), has been increasing worldwide, espe-
cially in developed countries, which includes Japan.! It was
reported in the 1960 s that the average survival of AS patients
was 2-5 years after the onset of symptoms.2 However, there are
few papers on the natural course of AS patients in the contem-
porary era, although they may live longer than ever before with
advanced medical therapies without surgical treatments.3* Con-
sidering the recent progress in the management of AS, includ-
ing transcatheter interventions¢ and valvular surgeries,”$
there is an emerging need to properly stratify the mortality and
morbidity risks of AS patients without a prior history of val-
vular surgery. However, because the present guidelines only

!- long with the rapid aging of general population, the

recommend evaluating the severity of AS by symptoms and
echocardiography,’!! they are not necessarily suitable for com-
prehensive risk stratification of AS patients. Although some
previous studies proposed new prognostic indexes of AS using
echocardiographic data'>'5 or biomarkers,'** they are not
widely used in current practice. Several other risk scores have
been developed for patients with heart failure (HF),?**! but are
not necessarily useful for AS patients. Moreover, considering
the fact that AS reflects one aspect of systemic degenerative
processes of the elderly, several comorbidities other than symp-
toms and AS severity should be included in the risk scores of
AS. Thus, a comprehensive risk score covering not only the
symptoms and severity of AS but also comorbidities of patients
without surgical treatments needs to be developed based on
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Table 1. Characteristics of Patients With AS in Japan

Age (years) 74.9+9.8
Sex (male) 216 (52.4%)
BMI (kg/m?) 23.3+3.6
SBP (mmHg) 130.4+20.8
DBP (mmHg) 70.3+12.6
Heart rate (beat/min) 73.2+15.5
Laboratory test
Hemoglobin (g/dl) 12.6+1.8
BUN (mg/dl) 20.3+10.1
Creatinine (mg/dl) 1.1x1.1
Albumin (g/dl) 4.0+0.5
LDL-C (mg/dl) 110.7+30.3

CKD (eGFR <60ml/min/1.73m?)
BNP =100pg/ml

193 (46.8%)
186 (45.1%)

Echocardiography
LVEF <50% 31 (7.5%)
LVDd (mm) 47.1+7.4
IVSd (mm) 12.3+2.9
PWd (mm) 11.8+2.6
APF
<3.5m/s 230 (63.7%)
3.5-4.5m/s 88 (24.4%)
>4.5m/s 43 (11.9%)
AVPG
<45mmHg 220 (60.9%)
45-60 mmHg 48 (13.3%)
>60mmHg 93 (25.8%)
Mitral stenosis (MVA <2cm?) 26 (6.4%)
Severe MR 31 (7.5%)
Severe AR 55 (13.3%)
Medical treatment
RAS-I 275 (66.7%)
CCB 222 (53.9%)
B-blocker 111 (26.9%)
Statin 152 (36.9%)
Loop diuretic 117 (28.4%)
Aldosterone antagonist 59 (14.3%)
NYHA class
| 154 (37.7%)
1 208 (50.9%)
=V 47 (11.5%)

Results are expressed as mean+SD for continuous variables.
APF, aortic peak flow; AR, aortic regurgitation; AS, aortic stenosis;
AVPG, aortic valve pressure gradient; BMI, body mass index; BNP,
B-type natriuretic peptide; CCB, calcium-channel blocker; CKD,
chronic kidney disease; DBP, diastolic blood pressure; eGFR, esti-
mated glomerular filtration rate; [VSd, interventricular septum thick-
ness; LDL-C, low density lipoprotein cholesterol; LVDd, left ventric-
ular end-diastolic diameter; LVEF, left ventricular ejection fraction;
MR, mitral regurgitation; MVA, mitral valve area; NYHA, New York
Heart Association; PWd, posterior left ventricular wall thickness;
RAS-I, renin-angiotensin system inhibitor; SBP, systolic blood
pressure.

observations from a large-scale cohort study.

Editorial p??2?

In the present study, we addressed this important clinical
issue in a large-scale cohort study, named the Chronic Heart

Failure Analysis and Registry in the Tohoku District-2
(CHART-2) study (n=10,219).22-24

Methods

The CHART-2 Study

The CHART-2 Study is a large-scale prospective observational
multicenter cohort study, as previously reported in detail
(NCTO00418041).2-2 Briefly, the CHART-2 Study successfully
enrolled patients older than 20 years of age in stages B-D of
HF according to the ACC/AHA guidelines* and those with
coronary artery disease between October 2006 and March 2010
(n=10,219).22-* All information, including medical history,
laboratory data and echocardiography data, was obtained at
the time of enrolment and annually thereafter. The CHART-2
Study was approved by each local ethics committee in the 24
participating hospitals and written informed consent was
given by all patients.

Study Subjects

In the CHART-2 Study, AS was defined as 230mmHg aortic
valve peak pressure gradient (AVPG) by echocardiography at
the time of enrolment.?> Of the 10,219 patients enrolled in
CHART-2, 482 were defined as having AS. After excluding
70 patients who had undergone valvular surgery, the remain-
ing 412 patients were finally included in the present study.

Determination of Risk Scores

The risk scores were based on the results of multivariate Cox
regression analysis. Briefly, significant variables selected from
the optimal multivariate Cox regression model were assigned
an integer score, which was applied just as the integer position
of their hazard ratio (HR) was obtained by truncating the
decimal point. For the sake of simplicity, anemia was defined
as the hemoglobin (Hb) level (<13 g/dl in men and <12 g/dl in
women), according to the World Health Organization defini-
tion,? and age and serum albumin were replaced by binary
variables equal to 1 for age =75 years and serum albumin
<4 g/dl, and equal to 0 otherwise. Next, the total score of each
patient was calculated by the sum of each variable’s score.
According to the sum of the risk scores, we divided the patients
into 3 groups: the low-risk group with score 0—6 (n=210), the
intermediate-risk group with score 7-10 (n=112), and the
high-risk group with score 11-18 (n=36).

Statistical Analysis

All continuous variables are shown as mean+standard devia-
tion (SD) and categorical variables are presented as number
and percent. The Kaplan-Meier curves evaluated the survival
time for all-cause death in AS patients. Patients who under-
went surgical treatments for AS during the follow-up period
were treated as censored on the day of admission for surgery.
The survival curves were compared by log-rank test. To deter-
mine the independent predictors of the mortality of AS patients,
univariate Cox proportional hazard regression models were
applied for the following variables: age, sex, body mass index
(BMI), systolic blood pressure (BP), diastolic BP, heart rate
(290 beats/min), history of HF hospitalization, dyslipidemia,
atrial fibrillation, left ventricular diastolic diameter (LVDA),
interventricular septum thickness (IVSd), posterior left ven-
tricular wall thickness (PWd), mitral stenosis (MS), defined as
mitral valvular area <2 cm?; severe mitral regurgitation (MR)
defined as grade >3; severe aortic regurgitation (AR) defined
as grade 23; aortic peak flow (APF), pressure gradient, B-type
natriuretic peptide (=100 pg/dl), Hb level, serum albumin, chronic
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kidney disease (CKD) defined as estimated glomerular filtra-
tion rate (eGFR) <60 ml/min/1.73 m?, use of calcium-channel
blocker, loop diuretic, statin or antiplatelet drug, and New York
Heart Association (NYHA) class. The variables showing P<0.5
in the univariate Cox proportional hazard regression model were
entered into the multivariate Cox regression model followed
by stepwise variable selection to achieve the optimal combina-
tion of covariates. The Kaplan-Meier curves were plotted for
each risk group to evaluate the outcomes of all-cause death,
cardiovascular (CV) death and non-CV death. For all steps,
P<0.05 was considered to be statistically significant. All sta-
tistical analysis was performed by the statistical computing
software R version 3.0.3.

Results

Patient Characteristics

Mean age of the AS patients was 74.919.8 years and females
accounted for 47.6% (Table 1). The echocardiographic data
showed that they had relatively preserved ejection fraction
and mild left ventricular hypertrophy. A relatively low APF
(<3.5m/s) was observed in 230 patients (63.7%) and 220
(60.9%) had a relatively low AVPG (<45 mmHg). In addition
to AS, 26 (6.4%), 31 (7.5%), and 55 (13.3%) of the patients
had MS, severe MR, and severe AR, respectively. The preva-
lence of CKD was 46.8%. For the medical treatments of AS,
renin-angiotensin system inhibitors and -blockers were pre-
scribed in 66.7% and 26.9%, respectively. As for the func-
tional class in HF, 154 patients (37.7%) were NYHA class I
and 208 (50.9%) were class II.

3-Year Mortality and Prognostic Factors

Among the 412 patients with AS, 73 (17.7%) died during the
3-year follow-up period. Crude 3-year mortality of patients with
NYHA class I, I, and III/IV was 9.5%, 16.5%, and 49.7%,
respectively (P<0.001). The Kaplan-Meier curves for all-cause

Table 2. Cause of Death Among Patients With AS in Japan
Cause of death n (%)
Cardiovascular death 43 (58.9)
Heart failure 23 (31.5)
Sudden death 9(12.3)
AMI 3 (4.1)
Stroke 2(2.7)
Other 6(8.2)
Noncardiovascular death 25 (34.2)
Cancer 8 (11.0)
Other 17 (23.3)
Unknown 5(6.8)
Total 73

AS, aortic stenosis; AMI, acute myocardial infarction.

death showed that AS patients had significantly worse prog-
nosis than those without it (Figure 1). The causes of death are
shown in Table 2. Among the 73 deaths, 43 (58.9%) were CV,
including 23 (31.5%) from HF and 9 (12.3%) sudden deaths.

Table 3 shows the prognostic factors for all-cause death. In
the univariate analysis, age, Hb level, serum albumin level,
CKD, APF >4.5m/s, AVPG >260mmHg, severe MR, statins,
loop diuretics, and NYHA class 2III were significantly associ-
ated with 3-year mortality, but the cardiac remodeling param-
eters by echocardiography, such as IVSd, PWd or LVDd, were
not. Among the valvular insufficiencies, severe MR was a sig-
nificant prognostic factor (P=0.039) for all-cause death, but
severe AR (P=0.262) and MS (P=0.284) were not. Finally, how-
ever, the stepwise multivariate analysis identified age, male sex,
Hb level, serum albumin, CKD, APF >4.5m/s, and NYHA class
>[Il as prognostic factors (Table 3). Interestingly, male sex was
associated with increased 3-year mortality in the multivariate
analysis, but not in the univariate analysis, indicating that the
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Table 3. Univariate and Multivariate Analyses for All-Cause Death of Patients With AS in Japan
X Univariate analysis Multivariate analysis
Variable
HR 95% ClI P value HR 95% CI P value

Age (per 10 year increase) 2.26 1.62-3.14 <0.001 2.13 1.49-3.06 <0.001
Sex (male) 1.21 0.76-1.92 0.426 3.20 1.86-6.37 <0.001
BMI 0.95 0.89-1.02 0.145 - - -
SBP 0.99 0.98-1.00 0.232 - - -
Heart rate 290 beats/min 1.68 0.92-3.06 0.091 1.82 0.85-3.90 0.122
Laboratory test

Hemoglobin (g/dl) 0.70 0.62-0.79 <0.001 0.82 0.70-0.97 0.019

Albumin (g/dl) 0.31 0.20-0.47 <0.001 0.38 0.21-0.67 0.001

BNP =100pg/ml 1.56 0.98-2.48 0.059 - - -

CKD (eGFR =60ml/min/1.73m2) 3.82 2.25-6.51 <0.001 2.08 1.02-4.26 0.044
Echocardiography

LVEF <50% 1.18 0.51-2.73 0.697 - - -

LVDd (mm) 1.01 0.98-1.04 0.494 - - -

IVSd (mm) 1.05 0.97-1.13 0.232 - - -

PWd (mm) 1.09 1.00-1.19 0.062 - - -

APF >4.5m/s 2.40 1.27-4.53 0.007 2.37 1.13-4.99 0.023

AVPG =60mmHg 1.76 1.02-3.01 0.041 - - -

Mitral stenosis (MVA <2cm?) 1.56 0.72-3.42 0.262 2.63 0.93-7.44 0.068

Severe MR 2.09 1.04-4.20 0.039 - - -
Severe AR 1.39 0.76-2.54 0.284 - - -

Medical treatment

RAS-I 1.15 0.69-1.91 0.593 - - -

Statin 0.47 0.27-0.81 0.007 - - -

Loop diuretic 2LTeTs 1.75-4.39 <0.001 - - -

CCB 0.84 0.53-1.33 0.456 - - -
NYHA class

1l 1.56 0.87-2.81 0.134 1.38 0.67-2.84 0.382

-1V 5.94 3.08-11.45 <0.001 6.53 2.81-15.14 <0.001

Cl, confidence interval; HR, hazard ratio. Other abbreviations as in Table 1.

0.8 1
Variables Score
& NYHA class, llI-IV 6
© Sex, male 3
X 06 4 |Abuminlevel, <4 g/di 2
=3 APF, 24.5 m/s 2
g Age, 275 years old 2
g CKD 2
& 044 |Anemia 1
Y Total 18
[0
o
L
F 02
0 -
01 2 3 4 5 6 7 8 9 10 11 12 13 214 (Score) Figure 2. Scoring system and incidence
L I L I I of all-cause death. APF, aortic peak flow;
- - - - - CKD, chronic kidney disease; NYHA,
Low Risk Intermediate Risk High Risk New York Heart Association.
mortality risk of male sex was uncovered by adjusting for Deviation of the Risk Score
clinical background. Furthermore, among the echocardiographic The risk scores were given to the prognostic predictors based
parameters, APF >4.5 m/s was the only significant prognostic on their HR derived in the multivariate Cox regression analy-

factor identified by the stepwise method. sis included NYHA class III-1V (score 6), male sex (3), serum
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Figure 3. Kaplan-Meier survival curves for all-cause death in the 3 risk groups.

albumin level <4 g/dl (2), APF 24.5m/s (2), age 275 years (2),
CKD (2), and anemia (1) (Figure 2). There was a significant
correlation between the sum of the risk scores and the inci-
dence of all-cause death, and the mortality rate increased with
an increase in the sum of the scores (Figure 2). There was
excellent connectivity between the risk score and mortality
(area under the curve=0.784).

Based on the sum of the risk scores, we stratified the mortal-
ity risk into 3 groups: low risk (score 0-6, n=210), intermedi-
ate risk (score 7-10, n=112) and high risk (score 11-18, n=36).
The Kaplan-Meier curves for all-cause death showed signifi-
cant differences in all-cause, CV, and non-CV mortality among
the 3 groups (Figures 3,4). The multivariate Cox proportional
hazard model demonstrated that the intermediate- and high-risk
groups had significantly increased all-cause mortality compared
with the low-risk group (served as a reference) with HR of
4.49 (95% confidence interval (CI), 2.23-8.43; P<0.001) and
18.34 (95% (I, 9.18-36.63; P<0.001), respectively (Figure 3).
Similarly, the HR for CV death in the intermediate- and high-
risk groups was 4.04 (95% CI, 1.58-10.23; P<0.001) and 25.30
(95% CI, 10.09-63.46; P<0.001), respectively (Figure 4A),
and for non-CV death it was 4.82 (95% CI, 1.80-10.23;
P<0.001) and 8.77 (95% CI, 4.51-31.73; P<0.001), respec-
tively (Figure 4B).

Incidence and Prediction of Surgery and Cause of Death
After Aortic Valve Replacement (AVR)

During the follow-up period, 38 patients (9.2%) had surgical
treatments, including AVR in 36, AVR with mitral valve
replacement in 3, surgical aortic valvuloplasty in 1, and per-
cutaneous transluminal aortic valvuloplasty in 1. Among these
patients, 3 with AVR died during the follow-up period from
non-CV causes (2) and acute myocardial infarction (1). These
38 patients with surgical treatments were characterized, as com-
pared with those who did not receive them, by younger age
and more advanced stage of AS on echocardiography but com-

parable NYHA class (Table S1). Even after excluding these
38 patients, the Kaplan-Meier curves still showed that the 3
groups had significant differences in mortality risk (Figure S1).

Discussion

The present study demonstrated that in addition to the classi-
cal prognostic factors, such as NYHA class and AS severity,
other comorbidities (ie, age, male sex, nutrition (as evidenced
by serum albumin), renal dysfunction and anemia) are associ-
ated with mortality of AS patients, suggesting that these new
prognostic factors should be taken into consideration when
evaluating the long-term prognosis of AS patients in the cur-
rent era. Furthermore, using these variables, we were able to
develop a comprehensive risk score that could effectively
stratify the mortality risk of AS patients.

Characteristics and Prognosis of AS Patients in Japan

To the best of our knowledge, this is the largest cohort study
of AS patients in Japan. In the present study, 482 of 10,219
patients enrolled in the CHART-2 Study were initially screened
by the criteria of either AVPG =30 mmHg at the time of enrol-
ment or prior history of surgical operations. Subsequently, after
excluding 70 patients with a prior history of AVR, a total of 412
patients were examined in the present study. The mean age
was 74.5 years and females accounted for 47.6%. Although
AVPG and/or APF were modest compared with previous stud-
ies,>*78 two-thirds of the patients were symptomatic and 73
(17.7%) of the 412 AS patients died during the 3-year follow-
up period. The present study demonstrates that the 3-year mor-
tality of symptomatic AS patients is better than in previous
reports; crude 3-year mortality was 21.2% in the present study
(16.5% for NYHA class I and 49.7% for NYHA III/IV) com-
pared with 53.8-73.0% in the previous studies.?’-? It is widely
known that in 1968 Ross and Braunwald reported that the
prognosis of AS patients from the onset of HF, syncope, and
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Figure 4. Kaplan-Meier survival curves for (A) cardiovascular (CV) and (B) non-CV death in the 3 risk groups.

chest pain was approximately 2, 3, and 5 years, respectively.?
The present study provides important new information that the
prognosis of AS patients has improved since that classical
report.

Prognostic Factors and Development of the Risk Score

One of the novel findings of the present study is that in addition
to the classical risk factors such as symptoms and AS sever-
ity,30-32 other comorbidities, including age, male sex, nutrition
(as evidenced by serum albumin level), renal dysfunction and
anemia, were significantly associated with the 3-year mortality
of AS patients. This finding is reasonable because AS reflects
one aspect of systemic degenerative processes in the elderly.
From this viewpoint, the present risk score based on the HR
of these comorbidities may be more useful than the previous
risk scores that were based only on symptoms and echocardio-

graphic parameters.*® Indeed, the present risk score correlated
well with the 3-year mortality of AS patients.

Characteristics of Patients Treated Surgically

In the present study, 37 of 412 patients had surgical treatments
during the follow-up. These patients were characterized by
younger age and advanced AS severity but comparable NYHA
class to those who did not receive the treatments, a consistent
finding from previous study.* In general, aortic valve surgery
has not been indicated if the patient is asymptomatic, has
higher risk, or refuses it.* However, recent advances in surgi-
cal and/or percutaneous interventions for AS have improved
procedural success and outcomes in patients with higher age
and/or at higher risk.563 Thus, the present risk score may help
physicians estimate prognosis and make appropriate decisions
for AS patients in their daily practice.



Advance Publication by-J-STAGE

Comprehensive Risk Stratification of AS

Study Limitations

Several limitations should be mentioned for the present study.
First, it was performed only in the Japanese population, so the
present findings remain to be confirmed in other popula-
tions. Second, since we defined AS by peak-to-peak AVPG
>30mmHg, some patients with severe AS but small aortic
valve area (AVA) and reduced peak-to-peak AVPG were
excluded from the study population. In this regard, we care-
fully reviewed the database and found that 8 patients had
AVA <1.5cm? and AVPG <30mmHg in the CHART-2 Study,
of whom 1 patient died from HF and another one of cancer
during the follow-up period. Thus, future studies are needed to
stratify the risk of such AS patients with small AVA and
reduced AVPG, because they may have different prognostic
factors from the present study population. Third, since the
echocardiographic evaluation was performed at each partici-
pating hospital, inter-hospital and inter-examiner variations
could have been involved. Finally, the present study included
patients who had surgical treatment, which might have affected
the present results. However, even after excluding these patients,
the results were consistent (Figure S1).

Conclusions

We were able to demonstrate that several comorbidities other
than echocardiographic parameters and symptoms are associ-
ated with poor prognosis of AS patients without a prior history
of surgical treatments registered in the CHART-2 Study. Fur-
thermore, the present risk score based on the HR derived from
the Cox proportional hazard model may be useful for the
management of AS patients in real-world practice, although
future validation studies are warranted.
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Improved Long-Term Prognosis of Dilated Cardiomyopathy

With Implementation of Evidenced-Based Medication

— Report From the CHART Studies —

Ryoichi Ushigome, MD; Yasuhiko Sakata, MD, PhD; Kotaro Nochioka, MD, PhD;
Satoshi Miyata, PhD; Masanobu Miura, MD, PhD; Soichiro Tadaki, MD; Takeshi Yamauchi, MD;
Kenjiro Sato, MD; Takeo Onose, MD; Kanako Tsuji, MD; Ruri Abe, MD; Jun Takahashi, MD, PhD;
Hiroaki Shimokawa, MD, PhD on behalf of the CHART-2 Investigators

Background: Recent trends in the clinical characteristics, management and prognosis of dilated cardiomyopathy
(DCM) remain to be examined in Japan.

Methods and Results: We compared 306 and 710 DCM patients in the Chronic Heart Failure Analysis and Reg-
istry in the Tohoku District (CHART)-1 (2000—2005, n=1,278) and the CHART-2 (2006—present, n=10,219) Studies,
respectively. Between the 2 groups of DCM patients, there were no significant differences in baseline characteristics.
The prevalence of hypertension, dyslipidemia and diabetes mellitus were all significantly increased from the
CHART-1 to the CHART-2 Study. The use of B-blockers and aldosterone antagonists was significantly increased,
while that of loop diuretics and digitalis was significantly decreased in the CHART-2 Study. The 3-year mortality rate
was significantly improved from 14% in the CHART-1 to 9% in the CHART-2 Study (adjusted HR, 0.60; 95% CI:
0.49-0.81; P=0.001). In particular, 3-year incidence of cardiovascular death was significantly decreased (adjusted
HR, 0.26; 95% Cl: 0.14-0.50, P<0.001), while that of HF admission was not (adjusted HR, 0.90; 95% CI: 0.59-1.37,
P=0.632). The prognostic improvement was noted in patients with BNP <220 pg/ml, LVEF>40%, f-blocker use and
aldosterone antagonist use.

Conclusions: Long-term prognosis of DCM patients has been improved, along with the implementation of evidence-

based medication in Japan.

Key Words: Beta-blocker; Dilated cardiomyopathy; Lifestyle disease; Prognosis

the heart muscle in which the heart chambers are pro-

gressively enlarged or dilated.!-3 The nationwide survey
by the Japanese Ministry of Health, Labour and Welfare
reported that the number of DCM patients in Japan was esti-
mated to be 17,700 with a prevalence of 140/million in 1999.4
Fuster et al reported that mortality in idiopathic DCM patients
was 77% over 11 years between 1960 and 1973, while most
of the deaths occurred during the first 2 years after diagnosis.!
Recently, Merlo et al reported that an evidence-based thera-
peutic approach has improved the long-term prognosis of
idiopathic DCM in the last 3 decades.’ In Japan, it was
reported that 5-year survival rate in idiopathic DCM improved
from 62% in the 1980s to 90% in the 1990s.

I diopathic dilated cardiomyopathy (DCM) is a disorder of

From 2000 to 2005, we conducted a multicenter prospective
cohort of chronic heart failure (CHF) patients, named the
Chronic Heart Failure Analysis and Registry in the Tohoku
District-1 (CHART-1, n=1,278).78 The CHART-1 Study found
that the prognosis of CHF patients in Japan was equally poor
compared with those in Western countries.”$ In 2006, we started
the CHART-2 Study to elucidate the characteristics and prog-
nosis of CHF patients in stages B-D.%? In the CHART Studies,
we reported that the use of renin angiotensin system inhibitors
(RASI) and p-blockers for CHF patients was significantly
increased, whereas that of loop diuretics and digitalis had
decreased in the past years.%® Recent trends in the clinical
characteristics, management and prognosis of DCM patients
in Japan, however, remain to be examined. In the present
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study, we thus examined the recent trends in baseline charac-
teristics, treatment and long-term prognosis of DCM patients,
by comparing the CHF database between the CHART-1 and
CHART-2 Studies.

Methods

Study Design and Subjects
In the present study, a total of 1,016 DCM patients were enrolled
from the database of the CHART-1 and the CHART-2 Studies
(306 and 710 patients from the CHART-1 and CHART-2
Studies, respectively).”* Both Studies are multicenter, pro-
spective, hospital-based observational cohort studies of Japanese
CHEF patients. The CHART-1 Study was conducted between
February 2000 and December 2005 and a total of 1,278
patients with CHF from the 26 hospitals (Tohoku University
hospital and 25 affiliated hospitals) were enrolled.”® The pur-
pose of the CHART-1 Study was to elucidate the clinical
characteristics, treatment and prognosis in Japanese CHF
patients.”® All patients had a structural disorder of the heart
and were treated with standard therapy for CHF, including
diuretics, digitalis, angiotensin-converting enzyme inhibitor,
angiotensin receptor blocker and p-blocker. In 2006, we
started the CHART-2 Study and successfully enrolled 10,219
consecutive patients, including 5,483 cardiovascular patients
at high risk for development of HF (coronary artery disease or
stage B)!0 and 4,736 patients with symptomatic CHF (stages
C/D)" in the 24 hospitals (Tohoku University hospital and 23
affiliated hospitals). Tohoku University Hospital and 14 hos-
pitals participated in both the CHART-1 and CHART-2 Stud-
ies, accounting for 74.0% and 75.8% of the total subjects
enrolled, respectively. No patients enrolled in the CHART-1
Study were included in the CHART-2 Study. Diagnosis of CHF
was based on the Framingham criteria,!! while CHF stage was
classified according to the ACCF/AHA HF Guidelines.!?
The CHART-1 Study was approved by the committee
of Tohoku University Hospital. The CHART-2 Study was
approved by the human research committee of Tohoku
University School of Medicine (conforming to the ethics
guidelines of the 1975 Declaration of Helsinki), and also by
the local ethics committee in each participating hospital and
registered at Clinical Trials.gov (NCT00418041). Written
informed consent was provided by all patients before enroll-
ment. Information on medical history and baseline demo-
graphics, including medication and echocardiographic data,
were collected at the time of enrollment by clinical research
coordinators.

Definition of DCM

DCM was diagnosed by the attending physicians and/or the
investigators at each hospital, based on the definition of DCM
in the guidelines of the Japanese Circulation Society.’ Briefly,
DCM was diagnosed when a patient had global systolic dys-
function with dilated left ventricle (LV) after exclusion of
known cardiac diseases, including ischemic cardiomyopathy,
hypertensive heart disease, dilated phase of hypertrophic car-
diomyopathy, cardiac sarcoidosis, myocarditis, amyloidosis,
arrhythmogenic right ventricular cardiomyopathy, beriberi
heart, alcoholic cardiomyopathy, non-compaction of ventricu-
lar myocardium, cardiomyopathy caused by muscular dystro-
phy, mitochondrial myopathy, chemical toxic cardiomyopathy,
Fabry’s disease, and postpartum cardiomyopathy.>2 Coronary
angiography data were available in 98% of the patients
enrolled from the CHART-2 study, in which absence of coro-
nary artery stenosis was confirmed. No patients enrolled from

the CHART-1 study had coronary angiography data in the
database.”®

Subjects

In the CHART-1 Study (n=1,278), 24 patients with missing
data were excluded. Of these 1,254 patients, 306 patients
(24.4%) were diagnosed as having DCM in the CHART-1
Study. In the CHART-2 Study (n=10,219), 5 patients with
missing data were initially excluded. To make the selection
bias minimal, we first selected patients from the CHART-2
Study according to the inclusion criteria of the CHART-1
Study. As a result, we selected 5,920 patients who met at least
one of the following CHART-1 criteria: (1) LV ejection frac-
tion (LVEF) <50%; (2) LV end-diastolic diameter (LVDd)
>55mm; or (3) at least one episode of congestive heart failure.
From this population, 710 DCM patients (11.0%) were finally
enrolled from the CHART-2 study. Finally, 306 and 710 DCM
patients were enrolled from the CHART-1 and CHART-2
Studies, respectively.

Outcomes

The study endpoints were 3-year mortality, mode of death and
3-year hospitalization for worsening HF. Cardiovascular death
was defined as death due to cardiovascular origins. Non-car-
diovascular death was defined as death due to non-cardiovas-
cular causes. For all patients, only the main mode of death was
used. Hospitalization for worsening HF was defined as docu-
mentation of worsening HF requiring hospitalization. A patient
admitted for worsening HF had to show signs and symptoms
of HF and to require treatment with i.v. diuretics. Follow-up
was made at least once a year by clinical research coordinators
by means of review of medical records, surveys and telephone
interviews.3? All events were reviewed and assigned on con-
sensus of at least 2 independent physicians from the members
of the Tohoku Heart Failure Association, by reviewing case
reports, death certificates, medical records and hospital course
summaries provided by the investigators.

Statistical Analysis

Continuous variables are expressed as mean+SE or median
(IQR), as appropriate. Discrete variables are expressed as n
(%). Wilcoxon rank sum and Fisher’s exact test were used
to compare the characteristics between patients from the
CHART-1 and CHART-2 Studies. Kaplan-Meier curves were
plotted to evaluate the association between DCM and all-
cause death, cardiovascular death or hospitalization for wors-
ening HF. Comparison of the survival time between the 2
groups was performed using log-rank test. Multivariate Cox
proportional hazards model was used to analyze the relation-
ship between survival and prognostic indices. The covariates
were selected as follows: first, the univariate Cox models were
fitted for each of the CHART-1 and the CHART-2 patients
separately, with candidate variables of sex, age, body mass
index (BMI), systolic blood pressure, diastolic blood pressure,
heart rate, New York Heart Association (NYHA) class, LVEF,
LVDd, diabetes mellitus, dyslipidemia, atrial fibrillation, ven-
tricular tachycardia, brain natriuretic peptide (BNP), estimated
glomerular filtration rate (eGFR), -blocker, RASI, aldoste-
rone antagonist, and Ca channel blocker. Then, after the mul-
tivariate Cox models were fitted for each of the CHART-1 and
the CHART-2 samples individually, using all the covariates
with P<0.2 in each univariate model, the optimal subset of
covariates was selected by stepwise backward elimination in
each model. Finally, all the variables selected in either or both
models were used as the final set of variables for the final
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Table 1. Baseline DCM Patient Characteristics
Total (n=1,014)
(nea06) nerio) P-value

Age (years) 61.7+0.8 62.9+0.5 0.205
Male sex 222 (72.5) 517 (72.8) 0.939
Blood pressure (mmHg)

Systolic 122.8+1.3 120.5+0.7 0.126

Diastolic 73.3+0.8 72.5+0.5 0.463
Heart rate (beats/min) 73.1+1.0 73.0+0.6 0.934
BMI (kg/m?) 23.4x0.3 23.5x0.2 0.787
NYHA classification <0.001

| 40 (13.1) 135 (19.0)

Il 206 (67.3) 99 (70.4)

1l 57 (18.6) 71 (10 )

v 3(1.0) 4 (0.6
Laboratory data

Hb (g/dl) 13.7+0.1 13.8+0.1 0.873

Anemia 77 (26.7) 159 (22.6) 0.164

BUN (mg/dl) 20.6+1.0 19.1+0.3 0.065

Cre (mg/dl) 1.03+0.06 1.00+0.03 0.651

eGFR (ml-min-1-1.73m-?) 67.7+1.4 66.4+0.9 0.451

BNP (pg/ml) 101.0 (41.3-259.5) 103.6 (42.9-254.6) 0.969
Echocardiography

LVEF (%) 42.6+0.7 44.9+0.5 0.014

LVEF =40% 129 (42.6) 272 (38.6) 0.262

LVDd (mm) 61.1£0.5 58.8+0.3 <0.001

LVDs (mm) 48.8+0.5 46.0£0.4 <0.001
Comorbidity

Hypertension 116 (37.9) 473 (66.7) <0.001

Dyslipidemia 39 (12.7) 490 (69.0) <0.001

Diabetes mellitus 43 (14.1) 145 (20.4) 0.017

Atrial fibrillation 107 (35.0) 292 (41.3) 0.059

Ventricular tachycardia 61 (19.9) 105 (14.8) 0.052
Medicine

RASI 245 (80.1) 605 (82.5) 0.052

ACEI 203 (66.3) 407 (57.3) 0.008
ARB 48 (15.7) 222 (31.3) <0.001

B-blockers 147 (48.0) 567 (79.9) <0.001

Loop diuretics 213 (74.7) 449 (63.2) <0.001

Digitalis 164 (55.8) 254 (35.8) <0.001

Aldosterone antagonists 58 (20.2) 262 (36.9) <0.001

Ca channel blockers 43 (14.6) 98 (13.8) 0.765
ICD/CRT-D 2(0.7) 34 (4.8) 0.001

Data given as mean+SE, median (IQR) or n (%). ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; BMI, body-mass index; BNP, brain natriuretic peptide; Ca, calcium; CRT-D, cardiac resynchroniza-
tion therapy defibrillator; DCM, dilated cardiomyopathy; eGFR, estimated glomerular filtration rate; HF, heart failure;
ICD, implantable cardioverter defibrillator; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-
systolic diameter; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; RASI, renin angioten-

sin system inhibitor.

multivariate model. In the Cox models, we used the following
covariates as binary variables: age (<70 and =70 years), LVEF
(240 and >40%), BNP (<220 and 2220 pg/ml), eGFR (<50 and
>50ml-min!-1.73m2) and BMI (<18.5 and 218.5kg/m?).13
The split values of age, LVEF, BNP and eGFR were deter-
mined using classification and regression tree (CART) analy-
sis.}*17 We examined the associations between f-blocker or
aldosterone blocker use and outcomes with inverse probability

of treatment weighting (IPTW) using the propensity score.!8
In IPTW analysis, we used propensity score calculated with
the following covariates: sex, systolic blood pressure, diastolic
blood pressure, heart rate, LVDd, history of HF admission,
hypertension, diabetes mellitus, dyslipidemia, atrial fibrilla-
tion, calcium channel blocker, RASI, loop diuretics, aldoste-
rone antagonist, age, BNP, and eGFR. Two-sided P<0.05 was
considered to be statistically significant. Interactions between



