Pathological impacts of sarcomere gene mutations and haplotype
analysis

To investigate the possible pathological roles of the missense variants,
their functional impacts were predicted by in silico analysis using
PolyPhen-2, Mutation Taster and PROVEN. As shown in Table 1,
MYBPC3 Thr1046Met was suggested to be a benign mutation or a
polymorphism, as was the case with the TNNT2 Lys253Arg poly-
morphism. On the other hand, MYH7 Glu935Lys and MYBPC3
Argl60Trp were predicted to be disease-causing mutations. We, then,
searched for these two mutations in our HCM cohort consisting of
162 familial and 100 sporadic cases,'? and found the MYH7 Glu935Lys
in three (two familial and one sporadic) patients and the MYBPC3
Argl60Trp in two (one familial and one sporadic) patients. Because
family samples were available from each one family for the MYH7 and
MYBPC3 mutations, we investigate the linkage of these mutations with
HCM in the multiplex families along with the analyses of micro-
satellite markers.

As shown in Figure 1, we found that the MYBPC3 Argl60Trp
mutation was not co-segregated with HCM in a multiplex family with
HCM originated from Tohoku area, because one subject showing LV
hypertrophy and diastolic dysfunction did not carry the MYBPC3
mutation (Figure la). A microsatellite analysis of the MYBPC3 locus
showed that the MYBPC3 mutation (160Trp allele) was linked to a
haplotype composed of allele 314 of MYBPC3-CA and allele 158 of
D1154109 in this family (Figure la). We also analyzed the other HCM
patient from Kyushu area and two athletes, both from Kanto area,
who carried the MYBPC3 mutation, for the microsatellite markers. It
was revealed that they also shared the 160Trp-314-158 haplotype,
suggesting a common ancestral origin of the MYBPC3 mutation
(Supplementary Table S1).

On the other hand, a microsatellite analysis of the MYH? locus in
the other multiplex family from Kyushu area showed a linkage of
MYH7 Glu935Lys with HCM (Figure 1b). Although the parents with
the MYH7 Glu935Lys mutation were cousins,'® it was found that they
carried different MYH7-mutation-linked haplotypes (Figure 1b),
because both sons, who were homozygous for the MYH7 mutation,
were heterozygous for both MYOI and MYOII loci (Figure 1b). This
observation indicated that there were at least two different haplotypes
harboring the MYH7 mutation. By analyzing the other two HCM
patients from Kansai area and Kanto area and the athlete from Kanto
area, who had the MYH7 mutation, we obtained the data consistent
with that the MYOI (intron 1)-rs2069540 (exon3)-rs2069542 (exon
8)-1s735712 (exon 12)-rs2231126 (exon 12)-rs121913639 (exon 23,
Glu935Lys)-1s7157716 (exon 24)-MYOII (intron 24) haplotype of
164-C-C-C-C-935Lys-T-148 was shared by all of them, implying the
common ancestral origin of the MYH7 mutation (Supplementary
Table S2). :

Clinical phenotype of the athletes carrying the sarcomere gene
mutations

The athlete carrying the MYH7 Glu935Lys mutation was a 19-year-old
male who played football. His ECG showed high voltages (voltage of R
wave in V5 lead: 33 mm, voltage of S wave in V1 lead: 26 mm) and q
waves in II, I, aVF, V5, and V6 leads, indicating a sign of LV
hypertrophy, although no LV hypertrophy was evident in his
echocardiography. Phenotypes of the other four subjects carrying the
MYBPC3 Argl60Trp or Thr1046Met variant are also shown in
Table 2. Of note was that an athlete with the MYBPC Argl60Trp
mutation was shown to have asymmetric cardiac hypertrophy in his
echocardiography, which is a typical cardiac phenotype of HCM.
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Figure 1 Linkage studies for MYBPC3 and MYH7 mutations in multiplex
families with HCM. (a) Pedigree of a HCM family with the MYBPC3
Argl60Trp mutation. MYBPC3 haplotypes composed of rs193068692
(Argl60Trp)-MYBPC3-CA (fragment length)-D11S4109 (fragment length)
were deduced from the genotyping data and indicated with ID of subjects.
(b) Pedigree of a HCM family with the MYH7 GIu935Lys mutation.
MYH7 haplotypes consisting of MYOl (fragment length)-rs2069540
(C/T)-rs2069542  (C/T)rs735712 (C/M)-rs2231126 (C/T)+rs121913639
(Glu935Lys)-rs7157716 (C/T)-MYOIl (fragment length) were deduced from
the genotyping data and indicated with ID of subjects. Owing to the phase
ambiguity, haplotypes could not be determined in three subjects. As well,
MYOI-MYOIi haplotype could not be determined due to the phase ambiguity
and indicated tentatively. Arrows indicate proband patients. dHCM, dilated
phase HCM; HCM, hypertrophic cardiomyopathy; LVH, ECG findings of LV
hypertrophy; NA, no abnormality in cardiac phenotype; SCD, sudden
cardiac death.

DISCUSSION

In this study, three sarcomere gene mutations that were reported to be
associated with HCM were identified in five trained athletes. It was
reported that the prevalence of HCM in elite athletes was significantly
less than that in the general population (1 in 500 in the general
subjects®), suggesting that structural and functional changes associated
with HCM might naturally select-out most individuals with HCM
from competitive sports.!> However, a minority of HCM patients
showed relatively mild LV hypertrophy and many of these patients are
asymptomatic.!® Actually, a small but substantial subset of elite
athletes manifested with a slight increase of LV wall thickness, which
defined a gray zone of overlap between the extreme expressions of
‘athlete’s heart’ and a mild HCM form.* In addition, the most
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Table 2 Clinical findings in young athletes carrying the sarcomere gene mutations

Cardiomegaly in chest

D Gene Mutation Abnormality in ECG Abnormality in echocardiography X-ray examination®

Jun-49 MYH7 Glu935Lys LVH (RV5+SV1=59mV), g in Il, IlI, aVf ND None

Jun-3 MYBPC3 Argl60Trp LVH (RV5+8V1 =55mV) Asymmetric hypertrophy None
(VS=14mm, PW=11mm)

Jun-16 MYBPC3 Argl60Trp LVH (RV5+SV1 =40 mV), RAD, ST-T change ND None

Jun-75 MYBPC3 Thrl1046Met LVH (RV5+SV1 =42.5mV) ND None

Jun-78 MYBPC3 Thrl046Met iRBBB, LA overload ND None.

Abbreviations: ECG, electrocardiogram; iRBBB; incomplete right bundle branch block; VS, thickness of intra ventricular septum; LA, left atrium; LVH: left ventricular hypertrophy; ND, not done;
PW, thickness of posterior wall; RAD, right axial deviation; RV5, voltage of R wave in V5 lead; SV1, voltage of S wave in V1 lead.

2Cardiomegaly was defined by the cardiothorax ratio over 50%.

common cause of SCD in young athletes appears to be HCM.1617
These observations suggest the critical importance to clarify whether
the increased LV wall thickness would represent a physiological
adaptation of heart to athletic training or a pathological condition
such as HCM. This ambiguity needs to be solved by applying a
number of noninvasive parameters including a genetic testing to
prevent athletes from SCD, although the causative role of the
sarcomere gene mutations should be carefully considered.

Prevalence of the mutations in nucleotide variations database from
healthy individuals including dbSNP, 1000 genomes and human
genetic variation databases, description of clinical significance in the
ClinVar database, and in silico studies would be helpful to predict the
pathological significance of identified mutations. In this study,
MYBPC3 Thrl046Met was suggested to be benign and its clinical
significance was debatable, although we could not exclude a possibility
of its role in promoting cardiac hypertrophy, because the mutation
had been reported in patients with elderly onset HCM who might have
any confounding factors including mild hypertension.!* In addition,
MYBPC3 Argl60Trp was not linked to HCM in a multiplex family
tested in this study, indicating that it was not the cause of HCM for all
the HCM patients in this family. However, a possibility of another
disease-causing mutation in the MYBPC3 Argl60Trp-negative HCM
patient could not be excluded and therefore MYBPC3 Argl60Trp
might be a responsible mutation in the other HCM patients
(Figure la), because in silico studies strongly suggested functional
alterations by this rare variant.

On the other hand, MYH7 Glu935Lys was not found in the healthy
individuals in dbSNP, 1000 genomes and human genetic variation
databases, listed as pathogenic mutation in the ClinVar database, and
predicted in silico to have functional impacts in this study. We
previously reported the phenotypes of MYH7 Glu935Lys mutation
in the Japanese HCM family (Figure 1b).!? In this family, the proband
patient and his elder brother were homozygous for the mutation and
showed dilated phase of HCM and severe LV hypertrophy, respec-
tively, and both eventually died at their thirties. In contrast, their
parents were heterozygous for the mutation and both showed mild LV
hypertrophy in the presence of blood hypertension.!® Their elder sister
was also heterozygous for the mutation, but she was normotensive and
did not manifest with LV hypertrophy. These observations suggested a
gene dose effect of the mutation on the clinical manifestation of HCM,
that is, homozygotes were severer than the heterozygotes, as well as an
age- or blood pressure-dependent penetrance of HCM caused by this
mutation. Therefore, it can be speculated that the athlete carrying the
MYH7 Glu935Lys mutation in the heterozygous state might develop
apparent cardiac hypertrophy or HCM phenotypes in the future, if he
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would continue the athletic training or when he would develop
hypertension. Continuous and careful follow-up will be required for
him to evaluate the clinical phenotypes caused by the mutation and/or
athletic training. Similarly, careful follow-up is required for two
athletes with the MYBPC3 Argl60Trp mutation, especially for a
subject who showed asymmetric cardiac hypertrophy in his echocar-
diography (Table 2).

In conclusion, we report here for the first time the results of a
systematic screening for the HCM-associated sarcomere gene muta-
tions in young athletes with abnormal ECG findings. We identified
one and two missense mutations in MYH7 and MYBPC3, respectively,
which were reported to be the HCM-associated mutations, in five
athletes. Of note was that 4 of them showed an apparent sign of LV
hypertrophy in ECG and such abnormality was noted in 62 of 102
athletes, indicating that the sarcomere gene mutations were found in 4
of 62 (6.5%) athletes with ECG sign of LV hypertrophy. This result
indicates that the potential application of genetic testing in trained
athletes provides a definitive diagnosis of HCM in subjects with early
ECG signs of LV wall thickness. Further genetic analyses in the other
HCM genes for sarcomere proteins will help understand the genetic
factors in young athletes with difficult diagnostic situation or with
borderline findings of HCM.
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Supplementary Table S1 Microsatellite analysis of MYBPC3 locus in HCM patients and athletes carrying MYBPC3 Argl60Trp mutation

* . - MYBPC3
1D phenotype description Area Are]60Top*** MYBPC3-CA | D11S4109
CMO0973 dHCM proband patient Tohoku + 314/314 158/162
CM0991 ECG-LVH, Echo diast dysfunctior affected family relative of CM097: Tohoku - 310/314 145/158
CM0992 ECG-LVH affected family relative of CM097: Tohoku + 314/314 156/158
CM0993 ECG-LVH affected family relative of CM097: Tohoku + 314/314 156/158
CM0994 np unaffected family relative of CM097: Tohoku - 310/310 143/145
CMO0995 np unaffected family relative of CM097: Tohoku — 310/314 145/162
CMO0007 HOCM, ASH (IVS=25, PW=20) sporadic HCM case Kyushu + 314/316 158/164
Jun-3 ECG-LVH, ASH (IVS=14, PW=11) |athlete with ECG abnormality Kanto + 314/314 158/164
Jun-16 ECG-LVH athlete with ECG abnormality Kanto + 310/314 158/164

*, dHCM: dilated HCM, ECG-LVH: LV hypertrophy in ECG, np: no particular finding, HOCM: obstructive HCM, ASH: asynmetric hypertrophy,

IVS: thickness of intraventricular septum (mm), PW: thickness of posterior wall (mm)

**: Area in Japan:
**%: +: heterozygote of mutation, -: none
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Table S2 Haplotype analysis of MYH7 locus in HCM patients and athletes carrying MYH7 Glu935Lys mutation

D phenotype* description Area™* MYOI Gluggqgjs wxw | 152069540 | 152069542 | 15735712 | 152231126 | 17157716 MYOIl
CM0024 dHCM, ASH (IVS=26, PW=13) proband patient Kyushu 162/164 ++ CC CC CC CC TT 146/148
CMO0050 HOCM affected family relative of CM0024 Kyushu 162/164 + 4 CC CC CC CC T 146/148
CMO0206 mild LVH affected family relative of CM0024 Kyushu 162/164 + CC CC CC CC T 146/148
CMO0207 mild LVH affected family relative of CM0024 Kyushu 162/164 + CC CcC CC CC T 146/148
CMO0221 np unaffected family relative of CM0024 | Kyushu 162/164 + CC CC CC CC TT 146/148
CM0997 HCM, Af, moderate negative T in ECG |sporadic HCM case Kanto 162/164 -+ CC CC CC CC TT 146/148
CM1245 HNCM familial HCM case Kansai 162/164 + CcC CC CcC CC TT 148/152
Jun-49 ECG-LVH athlete with ECG abnormality Kanto 160/164 + CT CT CT CC CT 146/148

* dHCM: dilated HCM, ASH: asynmetric hypertrophy, IVS: thickness of intraventricular septum (mm), PW: thickness of posterior wall (mm), HOCM: obstructive HCM, np: no particular finding, Af: atrial fibrillation,

HNCM: non-obstructive HCM, ECG-LVH: LV hypertrophy in ECG.
**. Area in Japan:
*#%: 1t homozygote of mutation, +: heterozygote of mutation, -: none
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ABSTRACT

Background. A diabetic state is causally related to heart failure (HF); therefore, there
should be a close correlation between the severity of diabetes and HF. However, a direct
relationship between these conditions has rarely been reported and remains unclear. This
study was designed to precisely examine this relationship, taking into consideration the
possible association between natriuretic peptide (NP) levels and insulin resistance.

Material and methods. We examined various hemodynamic parameters and simultaneously
performed blood biochemical analyses of consecutive patients who- underwent cardiac
catheterization at our institution (n = 840).

Results. Simple regression analyses showed that hemoglobin Alc (HbA1c) levels were not

significantly changed by the left ventricular end-diastolic pressure (LVEDP) and left
ventricular ejection fraction (LVEF), which were correlated with a low cardiac index.
Rather, there was a negative correlation between the HbAlclevels and plasma BNP levels as
a marker of HF. A multivariate analysis showed no correlations between the HbAlc levels
and cardiac functional parameters (LVEDP, LVEF or the plasma BNP levels), suggesting that
the trend toward high HbAlc levels in HF cases is likely to be limited for unknown reasons.
To search for an explanation of this finding, we examined the potential biological
interactions between BNP and insulin resistance. A multivariate analysis revealed that

Hemoglobin Alc
Insulin resistance

Abbreviations: AF, atrial fibrillation; ANOVA, one-way analysis of variance; ANP, A-type natriuretic peptide; BMI, body mass index;
BNP, B-type natriuretic peptide; CAPD, continuous ambulatory peritoneal; cGK, c-GMP-dependent protein kinase; c-GMP, cyclic
guanosine monophosphate; CI, cardiac index; CSA, coronary spastic angina; DBP, diastolic blood pressure; HD, hemodialysis; HIF-1e,
hypoxia-inducible factor; HF, heart failure; HOMA-IR, homeostasis model assessment-insulin resistance; HTN, hypertension; IHD,
ischemic heart disease; IRI, immunoreactive insulin; Log BNP, logarithmic BNP; Log HOMA-IR, logarithmic HOMA-IR; LVEDP, left
ventricular end-diastolic pressure; LVEF, left ventricular ejection fraction; NEP, endopeptidase; NP, natriuretic peptide; RAAS, renin~
angiotensin aldosterone system; PPAR, peroxisome proliferator-activated receptor; ROS, reactive oxygen species; SBP, systolic blood
pressure; s-Cr, serum creatinine.

* Corresponding author at: Division of Cardiology, Department of Internal Medicine, The Jikei University School of Medicine, 3-25-8 Nishi-
shimbashi, Minato-ku, Tokyo 105-8461, Japan. Tel.: +81 3 3433 1111; fax: +81 3 3459 6043.
E-mail address: cadmk@jikei.acjp (M. Kawai).
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the plasma BNP levels were positively correlated with age, creatinine levels and LVEDP and
inversely correlated with the male gender, body mass index and HOMA-IR (homeostasis
model assessment-insulin resistance) (P < 0.001, respectively), but not HbAlc levels. This
analysis indicated a close correlation between plasma BNP levels and insulin effectiveness in HF.
Conclusions. HF and diabetes tend to worsen with each other; however, the appearance of
an association between them was likely blunted due to the considerable effect of NP in
counteracting insulin resistance, even during the metabolically harmful condition of HF.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Diabetes is often associated with hypertension, ischemic
heart disease (IHD) and chronic kidney disease, all of which

" are major risk factors for heart failure (HF) [1]. The presence of
diabetes markedly increases the likelihood of HF and results
in worse outcomes for patients with HF [2,3]. Furthermore, the
Framingham Study firmly established an epidemiological link
between diabetes and HF [4], and similar findings have since
been noted in a number of other studies [5,6]. Therefore, there

" is no doubt that diabetes is a critical risk factor for HF in the
future. Conversely, the onset of HF is an independent risk
factor for developing or worsening diabetes [7].

The pathophysiology of HF is complex and includes a variety
of underlying mechanisms. Among these elements, neurohu-
moral factors, such as the renin-angiotensin aldosterone system
(RAAS), sympathetic nervous system and others, deeply contrib-
ute to the pathophysiology of HF [8]. Oxidative stress is also
important for the progression of cardiac remodeling, which leads

" to HF. Many studies have recognized that remodeling stimuli,
such as mechanical strain and the level of tumor necrosis factor-
@, may increase the formation of reactive oxygen species (ROS) in
the myocardium [9,10]. On the other hand, the pathophysiology of
diabetes is also very complicated, although some of its underlying
mechanisms appear to be similar to those of HF. For example, the
RAAS, sympathetic nervous system and oxidative stress also each
contribute to the pathogenesis of diabetes [11]. Furthermore,
cardiac function subsequently deteriorates as a result of increased
atherosclerosis and myocardial damage caused by diabetic
microangiopathy. Therefore, it is reasonable to speculate that
diabetes is associated with the deterioration of HF.

To the best of our knowledge, few reports have shown a close
correlation between the HbAlc level and the current degree of HF
as evaluated by hemodynamic and other parameters. We
suppose that this may be a paradox of the relationship between
diabetes and HF in that the relationship between diabetes and the
future onset of HF may be different from the relationship between
diabetes and the current degree of HF. Importantly, this informa-
tion would be useful to resolve various questions pertaining to the
association between energy metabolism and HF, and there may
be compensatory mechanism(s) involved in the pathophysiology
of HF that could potentially rescue metabolic abnormalities,
including glucose intolerance and reduced lipid catabolic activity.

A-type natriuretic peptide (ANP) and B-type natriuretic
peptide (BNP), also known as atrial and brain natriuretic
peptides, respectively, are cardiac hormones with a wide
range of potent biological effects, including vasodilation,

. natriuresis and inhibition of the RAAS and sympathetic
nervous system. BNP is selectively secreted from the ventricles,
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and the magnitude of this secretion varies as a function of the
severity of HF [12]. We and others have previously shown that
ANP and BNP are anti-inflammatory hormones; the infusion of
human ANP (carperitide) is useful for improving hemodynamics
as well as inhibiting ROS production in patients with HF [13].
Furthermore, an important report using BNP transgenic mice
revealed that BNP is a metabolic regulator by demonstrating that
the natriuretic peptide (NP)/cyclic guanosine monophosphate
(c-GMP)-dependent protein kinase (cGK) cascade promotes mus-
cle mitochondrial biogenesis and lipid oxidation, thus preventing
obesity and glucose intolerance [14]. However, the effects of NP on
energy metabolism have not yet been clearly proven or elucidated
in humans because the only disease related to high NP levels is
HF, and many other humoral factors associated with HF may
cause the deterioration of glucose and catabolic lipid metabolism.
Hence, the favorable actions of NP on energy metabolism may be
hidden or outstripped by these other factors.

We continue to believe in the pluripotency of endogenous NP
secreted from the failing heart and herein hypothesize that NP
counteracts both hemodynamic deterioration and the develop-
ment of metabolic abnormalities in HF. In this study, we examined
the possible hidden actions of NP, especially on glucose metabo-
lism, in patients with cardiovascular disease using common
indicators, including hemoglobin Alc (HbA1lc) levels, homeostasis
model assessment-insulin resistance (HOMA-IR) as a marker of
insulin resistance, body mass index (BMI) and plasma BNP levels.

2. Material and Methods
2.1.  Study Patients

The study population consisted of 840 consecutive patients
admitted to the Jikei University Hospital from February 2012 to
July 2014 in whom left heart catheterization, including hemo-
dynamic measurements, coronary angiography (n = 840) and
left ventriculography (n = 797), and blood sampling tests of the
plasma BNP level were performed and reviewed. The insulin
and serum glucose levels were also measured in each patient.
Among them, right heart catheterization with a Swan-Ganz
catheter was performed in addition to left heart catheterization
(n = 218). Individuals requiring an urgent catheter intervention
for acute coronary syndrome were excluded from this study
because the plasma BNP level rapidly and considerably changes
within the acute phase of acute myocardial infarction [15]. We
also excluded patients with type 1 diabetes mellitus and those
receiving insulin therapy. The subjects’ baseline characteristics,
including clinical parameters and biochemical data, were
collected retrospectively from their medical records, and the
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data were analyzed anonymously. This study was approved by the
ethics committee of the Jikei University School of Medicine (Study
protocol: 24-355[7121]); and we complied with the routine ethical
regulation of our institution as follows. This is a retrospective
study and the informed consent could not be obtained from each
patient. Instead of informed consent from each patient, we
publicly posted a notice about the study design and contact
information at a publicly-known space in our institution.

2.2.  Underlying Cardiac Diseases

Within the study population, patients with IHD exhibited
newly diagnosed coronary stenosis on angiography; a medical
history of coronary artery disease, including myocardial
infarction; a post-percutaneous coronary intervention or
post-coronary artery bypass grafting status; and newly
diagnosed coronary spastic angina (CSA) upon an acetylcho-
line provocation test or a diagnosis of CSA. In addition,
patients with valvular heart disease, cardiomyopathy and/or
hypertension were included in this study.

2.3.  Measurement of the Plasma BNP, HbA1lc and
Insulin Levels

Whole blood (5mlL) was collected in tubes containing
potassium EDTA (1 mg/mL blood). The plasma BNP levels
were determined according to an enzyme-linked immuno-
sorbent assay (non-extracted) using an antibody against
human BNP (Shionogi, Tokyo, Japan). The HbAlc levels were
measured using high-performance liquid chromatography
(HPLC) (HLC723-G9, TOSOH, Tokyo, Japan) by a standardized
laboratory protocol using a method certified by the National
Glycohemoglobin Standardization Program (NGSP), with
intra- and interassay coefficients of variation (CsV) of 1%.
The immunoreactive insulin (IRI) levels were also measured
using HPLC. The HOMA-IR values were calculated according
to the formula in a previous report, i.e., HOMA-IR = fasting IRI
(rU/mL) x fasting plasma glucose (mg/dL)/405 [16]. Blood
sampling was performed immediately before or after cardiac
catheterization. BMI was calculated as the body weight (kg)
divided by the square of the height (m). Hypertension (HTN),
diabetes mellitus and dyslipidemia were defined as previous-
ly described [17].

2.4.  Statistical Analysis

Continuous variables are expressed as the mean + SD. Com-
parisons between groups were made using Pearson’s chi-
square test for categorical variables and the Mann-Whitney U
test or Student’s t-test for continuous variables, where
appropriate. To achieve a normal distribution, the BNP levels
and HOMA-IR values were log transformed prior to the
analysis. The patients were divided into four groups according
to the left ventricular ejection fraction (LVEF) and left ventri-
cular end-diastolic pressure (LVEDP). A multivariate analysis
was performed to compare the values among the quartiles
using one-way analysis of variance (ANOVA) followed by a
Games-Howell post-hoc analysis. A multiple regression analy-
sis was also performed to assess dependent determinants. A P
value of <0.05 was considered to be statistically significant, and
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all data were statistically analyzed using the SPSS software
package, version 21.0 (SPSS, Chicago, IL).

3. Results

3.1.  Study Population

The baseline characteristics of the overall population (n = 840) in
the present study are shown in Table 1. The underlying disease
was IHD in 559 patients (66.5%), cardiomyopathy in 83 patients
(10.5%) valvular disease in 91 patients (10.8%), HTN in 623
patients (74.2%) and diabetes mellitus in 258 patients (30.7%).

Table 1-Clinical characteristics of the patents.r
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Fig. 1 - HbA1c levels in relation to the severity of heart failure. HbA1lc, hemoglobin Alc; LVEDP, left ventricular end-diastolic
pressure; LVEF, left ventricular ejection fraction; CI, cardiac index; Log BNP, logarithmic B-type natriuretic peptide. A.
Relationship between the HbAlc and LVEDP levels. The HbA1c levels and LVEDP values are represented as scatter plots in the
figure. B. Relationship between the HbA1lc and LVEF levels. The HbA1c levels and LVEF values are represented as scatter plots
in the figure. C. Relationship between the HbA1lc and CI levels. The HbAlc levels and CI values are represented as scatter plots
in the figure. The solid black line indicates the regression curve for the logarithmic fitted equation. D. Relationship between the
HbA1lc and Log BNP levels. The HbAlc levels and Log BNP values are represented as scatter plots in the figure. The solid black
line indicates the regression curve for the logarithmic fitted equation.

3.2.  HbA1lc Levels in Relation to the Severity of HF

A single regression analysis showed that the HbAlc levels
were not correlated with LVEDP and LVEF (P = NS, respective-
ly, n=840), whereas there was an inverse correlation
between the HbAlc levels with the cardiac index (CI)
(P <0.01, n=218). This suggests that the trend for high
HbA1lc levels in patients with HF is likely limited for unknown
reasons. Interestingly, another single regression analysis
showed that the HbAlc levels continued improving in
proportion to increasing levels of plasma BNP, which is a
sensitive biochemical marker of HF (Fig. 1).

In addition, a multiple regression analysis for determining
the HbA1lc level was conducted using explanatory factors,
including age, gender (male), BMI, dyslipidemia, smoking,
serum creatinine (s-Cr), LVEDP, HTN and plasma BNP levels.
As shown in Table 2, the plasma BNP levels disappeared as a
significant factor (P = NS), but the LVEDP values were not
significantly associated with the HbAlc levels (P=NS).
Moreover, we performed statistical analysis using LVEF
instead of LVEDP; however, the results were similar (P = NS)
to those obtained in the analysis using LVEDP (precise data

184

not shown). The multivariate - analysis suggests that an
increase in HbAlc would be blunted in HF for some reasons.

3.3. Associations Between the BMI, HbA1lc, Log HOMA-IR,
Fasting IRI, LVEF and Log BNP Levels

We performed single regression analyses of two factors
among the BMI, HbAlc, Log HOMA-IR, fasting IRI, LVEF and
Log BNP levels to provide a helpful perspective. As shown in
Fig. 2 (A-D) and Fig. 3 (A-I), there were significantly negative
correlations between the Log BNP levels and Log HOMA-IR
levels, Log BNP levels and BMI values, Log BNP levels and
Fasting IRI levels, and Log BNP levels and LVEF values
(P < 0.001, respectively), while significant positive correlations
were observed between Log HOMA-IR levels and HbA1lc levels,
Log HOMA-IR levels and BMI values, Log HOMA-IR levels and
fasting IRI levels, BMI values and Fasting IRI levels, BMI values
and HbAlc levels (P < 0.001, respectively), and Fasting IRI
levels and HbAlc levels (P < 0.01). The LVEF values were not
correlated with the Log HOMA-IR, BMI and fasting IRI (P = NS,
respectively, n = 797). Among them, significant associations
between the Log BNP and Log HOMA-IR and between the Log
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Alc levels in all patients (n = 840).
L .

BNP and BMI (Fig. 2A and B) would have profound meaning in

this study.

3.4.
HbA1c Levels

As shown above (Table

Multivariate Analysis for Determining the

2), the trend towards higher HbAlc

levels in the HF patients would be limited. To identify hidden

Log HOMA-IR

s n =840
. " p < 0,001
r=—0.212

mechanisms underlying this finding, we performed a multiple
regression analysis of factors determining the plasma BNP
levels using the variables age, gender (male), BMI, s-Cr, LVEDP,
Log HOMA-IR and HbA1lc. As shown in Table 3A, s-Cr, LVEDP
and age positively correlated with the Log BNP levels, while BMI,
Log HOMA-IR and gender (male) inversely correlated with the
Log BNP levels (P < 0.001, respectively). In contrast, HbAlc levels
were not correlated with the Log BNP levels (P = NS).
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Fig. 2 - Associations between the LogHOMA-IR, BM], Fasting IRI, LVEF and LogBNP levels. Log HOMA-IR, logarithmic
homeostasis model assessment ratio; BMI, body mass index; IRI, immunoreactive insulin; LVEF, left ventricular ejection
fraction; Log BNP, logarithmic B-type natriuretic peptide. A. Relationship between the Log HOMA-IR and Log BNP levels. The
Log HOMA-IR levels and Log BNP values are represented as scatter plots in the figure. The solid black line indicates the
regression curve for the logarithmic fitted equation. B. Relationship between the BMI and Log BNP levels. The BMI levels and
Log BNP values are represented as scatter plots in the figure. The solid black line indicates the regression curve for the
logarithmic fitted equation. C. Relationship between the fasting IRI and Log BNP levels. The fasting IRI levels and Log BNP
values are represented as scatter plots in the figure. The solid black line indicates the regression curve for the logarithmic fitted
equation.D. Relationship between the LVEF and Log BNP levels. The LVEF levels and Log BNP values are represented as scatter
plots in the figure. The solid black line indicates the regression curve for the logarithmic fitted equation.
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Fig. 3 - Associations between the Log HOMA-IR, BMI, Fasting IRI, HbAlc, and LVEF levels. Log HOMA-IR, logarithmic homeostasis
model assessment ratio; BMI, body mass index; IRI, immunoreactive insulin; HbAlc, hemoglobin Alc; LVEF, left ventricular
ejection fraction. A. Relationship between the HbAlc and Log HOMA-IR levels. The HbA1c levels and Log HOMA-IR values are
represented as scatter plots in the figure. The solid black line indicates the regression curve for the logarithmic fitted equation. B.
Relationship between the BMI and Log HOMA-IR levels. The BMI levels and Log HOMA-IR values are represented as scatter plots in
the figure. The solid black line indicates the regression curve for the logarithmic fitted equation. C. Relationship between the fasting
IRI and Log HOMA-IR levels. The fasting IRI levels and HOMA-IR values are represented as scatter plots in the figure. The solid black
line indicates the regression curve for the logarithmic fitted equation. D. Relationship between the fasting IRI and BMI levels. The
fasting IRI levels and BMI values are represented as scatter plots in the figure. The solid black line indicates the regression curve for
the logarithmic fitted equation. E. Relationship between the HbA1c and BMI levels. The HbA1c levels and BMI values are
represented as scatter plots in the figure. The solid black line indicates the regression curve for the logarithmic fitted equation. F.
Relationship between the HbA1c and fasting IRI levels. The HbA1c levels and fasting IRI values are represented as scatter plots in
the figure. The solid black line indicates the regression curve for the logarithmic fitted equation. G. Relationship between the Log
HOMA-IR and LVEF levels. The Log HOMA-IR levels and LVEF values are represented as scatter plots in the figure. H. Relationship
between the BMI and LVEF levels. The BMI levels and LVEF values are represented as scatter plots in the figure. 1. Relationship
between the fasting IRI and LVEF levels. The fasting IRI levels and LVEF values are represented as scatter plots in the figure.

We also performed multivariate analysis by using fasting
IRI instead of Log HOMA-IR. The multiple regression analysis
for the Log BNP levels showed that fasting IRI was a
significant factor (P < 0.01) as shown in Table 3B.

3.5.  Additional Analysis in Other Subgroups
There were 160 patients who used anti-diabetic drugs. We

excluded these patients and analyzed the remaining 680
patients by the same statistical analysis. As a result, there was
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no significant correlation between the Log BNP levels and the
HbA1c levels by simple regression analysis (P = NS); the Log
BNP levels showed a significant correlation with the Log HOMA-
IR levels (P < 0.001), but not with the HbAlc levels (P = NS), by
the multivariate analysis. This analysis clearly showed a close
correlation between the plasma BNP levels with insulin
effectiveness but not with the diabetic condition in HF.

In patients with a fasting glucose level greater than
140 mg/dl, glucose toxicity would decrease beta-cell function,
possibly leading to a different analysis from that with patients



44 METABOLISM CLINICAL AND EXPERIMENTAL 65 (2016) 38-47

_ Table 3 Results of the multiple regression analysis of the Log BNP levels in all patients (n = 840).

whose glucose levels were less than 140 mg/dl [18]. We thus
performed a multivariate analysis only in the patients whose
glucose level less than 140 mg/dl (n =740). The result
remained essentially the same; Log HOMA-IR inversely
correlated with the Log BNP levels (P < 0.001), while the
HbA1lc levels were not significant (P = NS).

The insulin secretory capacity deteriorates in relation to the
degree of DM. We divided the study population into two groups,
DM (258 patients) and non-DM (582 patients). As a result, the
Log BNP levels were inversely correlated with the Log HOMA-IR
levels by simple linear regression analysis (r = —0.220, P < 0.001)
and also by multivariate analysis (P < 0.001) in the non-DM
group. The Log BNP levels were inversely correlated with
the Log HOMA-IR levels by simple linear regression analysis

e

Heart Failure

(r=-0235 P<0001) and also by multvariate analysis
(P < 0.05) in the DM group.

Patients with AF, HD and CAPD were included who had
factors that could influence NP. The plasma BNP levels were
significantly higher in patients with AF (317.7 + 638.7 pg/mL),
HD and CAPD (938.9 + 1319.1 pg/mL in all). We also performed
the same statistical analysis by using the remaining 718
patients without AF, HD and CAPD. As a result, there was an
inverse correlation between the Log BNP levels with Log
HOMA-IR by simple linear regression analysis (r = —0.223,
P < 0.001) and multivariable analysis (P < 0.001).

There is a possibility that poor appetite associated with severe
HF reduces body weight and may also superficially improve the
diabetic condition. The condition of nutrition might have been

» Positive Comrelation
H Inverse Correlation

Fig. 4 - Schematic illustration.There are substantial associations between the HOMA-IR, BMI and HbA1c levels. BNP would
suppress the BMI and HOMA-IR values.HOMA-IR, homeostasis model assessment ratio; BMI, body mass index; HbAlc,
hemoglobin Alc; BNP, B-type natriuretic peptide, CI, cardiac index; LVEDP, left ventricular end-diastolic pressure; LVEF, left

ventricular ejection fraction.
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slightly reduced, even in the present study population. However,
the serum albumin levels were 4.0 + 0.4 g/dL (N = 840) and the
hemoglobin levels were 13.3 + 2.0 g/dL (N = 839); the absolute
levels of both were almost within normal limits.

4, Discussion

It is well recognized that metabolic abnormalities, such as
diabetes, produce cardiovascular disease and HF. In addition, °

the underlying mechanisms of diabetes and HF partly overlap
and may be confounded, as many neurchumoral factors are
activated in a similar manner in both diseases. Therefore, a
close correlation between HbA1lc levels and the degree of HF
should be conceivable, although there have curiously been
few reports showing a close correlation between these
parameters. The present study also showed no sensible
correlation between HbAlc levels and the severity of HF in a
multiple regression analysis. We took an interest in this
phenomenon and hypothesized that there is a hidden, but
firm, effect of neurohumoral factors on the onset of metabolic
abnormalities in patients with HF. Notably, the multivariate
analysis clearly showed that the Log BNP levels inversely
correlated with the HOMA-IR values, suggesting that BNP
partially halts the progression of diabetes by improving
insulin resistance, even under the metabolically harmful
conditions of HF.

Considering possible mechanisms, as for the substantial
inverse relationship between the plasma BNP level and
insulin resistance, it is necessary to discuss high BMI (obesity)
and its relationship to plasma BNP levels, as obesity is
crucially involved in the development of insulin resistance
[19]. In the current study, the statistical analyses revealed an
inverse correlation between the plasma BNP levels and BMI.
This association matches the findings of pioneering work
showing that obese individuals in the cohort of the Framing-
ham Heart Study had considerably lower plasma NP levels
than those with a normal weight [20]. We also previously
reported that the secretion of NP from the heart is reduced
and that the circulating NP levels are decreased in obese
patients compared with non-obese patients [21,22]. It is
important to discuss the pathophysiological function of
adipocytes and their relationship to NP. First, it is probable
that NP reduces BMI by improving the form and function of
adipocytes. Second, it is likely that unknown factors secreted
from adipocytes attenuate the production of NP in the heart
and/or augments NP clearance at some sites in the body.
Although it is unclear at present which mechanism is correct
or predominant, it is conceivable that these pathways are
mutually related as follows.

It can be supposed that a high BNP level plays a causative
role in lowering BMI and improving insulin resistance. In this
regard, there is a definitive report using BNP transgenic mice
that showed that NP/cGK cascades promote muscle mito-
chondrial biogenesis and fat oxidation via the upregulation of
peroxisome proliferator-activated receptor-gamma coactiva-
tor-1a (PGC-1e) and peroxisome proliferator-activated recep-
tor (PPAR) v, thus preventing obesity and glucose intolerance
[14]. In addition, it has been reported that NP stimulates
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triglyceride lipolysis in adipocytes, a process also regulated by
the sympathetic nervous system [23]. These two pathways
promote the uncoupling of mitochondrial respiration and
thermogenesis in brown adipocytes [24,25]. It is thus reason-
able that an increased BNP level accelerates lipolysis in
adipose tissue, resulting in a lower BMI and improvements
in insulin resistance. On the other hand, it is conceivable that
high BMI plays a causative role in lowering the plasma BNP
level. It has been reported in patients with obesity that the
heart utilizes fatty acids exclusively as a source of energy,
with the concomitant suppression of glucose utilization via
the activation of PPAR« [26,27]. PPAR« has also been reported
to suppress BNP production [28]. Hence, it is thus conceivable
that increased fatty acid availability, as reflected by elevated
plasma free fatty acids, suppresses BNP production, thereby
resulting in a lower plasma BNP level. In addition, it has been
demonstrated that hypoxia-inducible factor (HIF-1a) plays a
crucial role in BNP production [29,30]. Insulin induces the HIF-
1o level [31,32] and it is therefore conceivable that BNP
production is reduced under conditions of insulin resistance
via HIF-1a suppression in obese patients [21].

Adiponectin may play an important role in the link between
a low BNP level and insulin resistance. The production of
adiponectin is reduced in relation to the severity of obesity [33]
and increased by successful therapy for obesity [34]. In addition,
the adiponectin level is known to inversely correlate with
insulin resistance [35]. Remarkably, NP itself potentially en-
hances the production of adiponectin in human adipocytes [36].
Therefore, a low NP level is expected to play a causative role in
the onset of insulin resistance via low adiponectin production.
Moreover, NP itself potentially reduces inflammation [13]. The
relatively high activity of inflammation occurring under a low
NP level may further reduce the production of adiponectin [37].

Recently, we reported that a low plasma BNP level was
associated with patients with stable IHD, which suggests that
low BNP plays a causative role in the progression of IHD [38].
Considering that IHD is associated with insulin resistance
[39], there may be close links between IHD, insulin resistance
and a low BNP level; this topicis anticipated to become a hotly
debated subject in the immediate future.

As mentioned above, an increased plasma BNP level is
mutually related to a decrease in BMI and improvement in insulin
resistance. From the viewpoint of energy metabolism, methods to
increase the endogenous NP level may constitute a therapeutic
strategy for treating insulin resistance. For example, drugs
inhibiting neutral endopeptidase (NEP) activity, the major NP
degrading enzyme, may be useful for improving insulin resistance;
the exogenous administration of NP is also helpful for this purpose.
Upregulating the NP level represents a therapeutic strategy for
improving hemodynamics in cases of HF as well as ameliorating
metabolic abnormalities, such as obesity and insulin resistance. In
addition, there was an inverse correlation between BNP levels and
fasting IRI levels. Taking into consideration a cardio-toxic effect of
hyperinsulinemia [40], this result would suggest that BNP partly
rescues cardiotoxicity by suppressing hyperinsulinemia.

In recent history, the potential of NP to reduce insulin
resistance has been reported at several institutions [41,42].
The present study provides a new way of thinking about a
formerly inexplicable relationship between a diabetic state
estimated according to the HbAlc level and the degree of HF.
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Finally, a schematic illustration of our findings is shown in
Fig. 4. It is well known that there is a substantial association
between the HOMA-IR, BMI and HbAlc levels. We herein
demonstrated that BNP suppresses the BMI and HOMA-IR
values, although it is difficult to distinguish between the
cause and effect in each case.

5. Study Limitation

We speculate that the HbA1c levels would become higher in
relation to the severity of HF; this can likely be shown by using
a better marker of HF. Unfortunately, we could not find a
suitable marker that was firmly associated with HbAlc levels
in the current study. There are generally many markers of
cardiac dysfunction, such as hemodynamic parameters
during cardiac catheterization, echocardiographic measure-
ment values, cardiac scintigraphic measurement values and
others. Among the markers, there would surely be a good
marker associated with HbAlc levels in HF. CI seems to be
highly associated with HbAlc levels compared with LVEDP or
LVEF in this study; however, the study patient number was
limited and the association remains unclear. In any case, it is
interesting to see that the plasma BNP levels, which should be
a sensitive biological marker of HF, were never a suitable
marker associated with the diabetic condition but rather
tended to be inversely associated with the diabetic condition
through improved insulin resistance. Furthermore, BMI re-
flects not only fat accumulation but also body fluid excess in
HF. BMI might not be a suitable marker for an analysis of the
diabetic condition. Even so, the previous reports using BMI as
a potential index of obesity clearly showed a negative
correlation between plasma BNP levels and obesity [43,44].

This study was a cross-sectional study, and a further study
would be warranted to determine the counter-regulatory effect
of natriuretic peptides on insulin resistance in patients with HF.

In conclusion, HF and diabetes tend to worsen with each
other; however, the appearance of the association between
them was likely blunted because of a considerable effect of NP
in counteracting insulin resistance, even during the metaboli-
cally harmful condition of HF.
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Background: The natural history of hypertrophic cardiomyopathy (HCM) varies from an asymptomatic benign
course to a poor prognosis. Myocardial fibrosis may play a critical role in ventricular tachyarrhythmias (VT/VF);
however, the clinical significance of tissue fibrosis by right ventricular (RV) biopsy in the long-term prognosis of HCM
patients remains unclear.

Methods and Results: We enrolled 185 HCM patients (mean age, 57+14 years). The amount of fibrosis (%aréa)
was quantified using a digital microscope. Hemodynamic, echocardiographic, and electrophysiologic parameters
were also evaluated. Patients with severe fibrosis had longer QRS duration and positive late potential (LP) on signal-
averaged ECG, resulting in a higher incidence of VT/VF. At the 5t4 year follow-up, VT/VF occurred in 31 (17%)
patients. Multivariate Cox regression analysis revealed that tissue fibrosis (hazard ratio (HR): 1.65; P=0.003 per 10%
increase), lower left ventricular ejection fraction (HR: 0.64; P=0.001 per 10% increase), and positive SAECG (HR:
3.14; P=0.04) led to a greater risk of VT/VF. The combination of tissue fibrosis severity and lower left ventricular
ejection fraction could be used to stratify the risk of lethal arrhythmic events in HCM patients.

Conclusions: Myocardial fibrosis in RV biopsy samples may contribute to abnormal conduction delay and sponta-

ORIGINAL ARTICLE
Arrhythmia/Electrophysiology

neous VT/VF, leading to a poor prognosis in HCM patients. (Circ J 2015; 79: 1733—1741)

Key Words: Arrhythmias; Fibrosis; Histopathology; Hypertrophic cardiomyopathy; Prdgnosis

ognized by left ventricular (L'V) hypertrophy on
echocardiography or a family history of HCM.! His-
topathological changes, including myocardial hypertrophy,
tissue fibrosis, or myocardial disarray,>3 may cause a distorted
impulse propagation and inhomogeneous refractoriness, a sub-
strate of electrical instability during tachycardia, which can
lead to ventricular tachycardia (VT) or ventricular fibrillation
(VF) and sudden cardiac death (SCD).
The natural history of HCM patients varies from an asymp-
tomatic benign course to a poor prognosis because of heart
failure (HF), lethal ventricular arrhythmias, or SCD.# There-

H ypertrophic cardiomyopathy (HCM) is usually rec-

. fore, risk stratification in HCM patients has been a major

issue. A positive late potential (LP) detected by signal-aver-
aged electrocardiography (SAECG) has been used as a marker
of electrical instability, although myocardial scarring visual-
ized by cardiac magnetic resonance (CMR) imaging can better
predict long-term clinical outcome compared with other risk
factors such as syncope and family history of SCD.58 Myo-
cardial fibrosis, as measured by late gadolinium enhancement
(LGE) on CMR, was recently found to be an independent
predictor of adverse outcome in HCM patients.>1% However,
there are only a few case reports of the relationship between
CMR-LGE and direct fibrotic changes.!™12 It remains unclear
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whether or not histopathological changes are associated with
the risk of VI/VF and SCD in HCM patients.

In this study, we hypothesized that advanced myocardial
fibrosis in HCM plays a critical role in lethal arthythmic events,
including VT/VF, implantable cardioverter-defibrillator ICD)
appropriate discharge, and SCD. We therefore quantified the
fibrotic change in tissue samples from right ventricular (RV)
biopsy and assessed its relevance to the long-term prognosis
of HCM patients. This study examined the novel quantitative
significance of tissue fibrosis in HCM patients associated with
electrophysiological conduction abnormalities that lead to VT/
VF and poor prognosis.

Methods

Diagnosis of Patients

We retrospectively surveyed 494 consecutive patients who
had undergone RV endomyocardial biopsy at the National
Cerebral and Cardiovascular Center between 1996 and 2011.
The diagnosis of HCM was made on the basis of typical clini-
cal, echocardiographic, and hemodynamic features according
to established criteria,! used for a number of years, in the pres-
ence of LV wall thickness 215 mm without dilated ventricular
chambers or any other cardiac or systemic disorders, including
aortic stenosis or marked hypertension at the time of clinical
diagnosis. In this study, the borderline L'V hypertrophy crite-
rion (L'V wall thickness 13-14 mm) was not applicable because
genetic examinations were not performed in this cohort. Asym-
metric hypertrophy was originally applied to patients with con-
ventional septal hypertrophy; however, the pattern or distribution
of LV hypertrophy was not taken into account as per the latest
recommendation.! Thus, asymmetric hypertrophy is determined
if the LV thickness ratio of maximum to minimum in the same
cross-section exceeds 1.3.

RV Biopsy and Histopathological Analysis

RV endomyocardial biopsy was performed in this cohort because
of (1) differential diagnoses for other cardiomyopathies, such
as amyloidosis, Fabry’s disease, sarcoidosis, or hypertensive
heart disease; (2) atypical progression of LV dysfunction; or
(3) new-onset HF despite preserved left ventricular ejection

fraction (LVEF). We excluded patients younger than 20 years -

old because myocardial features may change with age. We
also excluded male and female patients older than 75 and 80
years old, respectively. Patients with coexisting valvular dis-
eases responsible for cardiomyopathy were also excluded.?
A total of 238 patients were clinically diagnosed and patho-
logically confirmed to have HCM (including 114 HCM with
overt LV dysfunction!? defined as LVEF <50%); 53 patients
were excluded because their tissue samples (Masson’s stain-
ing) had deteriorated over time. Finally, 185 patients (mean
age 57114 years, 62% male) were evaluated. This study was
approved by the institutional ethics committee (M24-071).
Biopsy samples were obtained from the endocardium at the
right interventricular septum using disposable biopsy forceps
(Toyokura Ika Kogyo Co, Ltd, Tokyo, Japan) by the transvenous
approach via the femoral vein or the right jugular vein, as
described elsewhere.'3 The detailed tissue sample preparation
methods are described in Supplementary File 1. The extent of
tissue fibrosis was antomatically calculated by the area of fibro-
sis (%) in the total area of the Masson’s trichrome sample using
a digital microscope (Aperio Scanscope, Aperio Technology,
Vista, CA, USA) (Figure S1), which has been utilized for cal-
culating myocardial fibrosis elsewhere.’? The degree of myocar-
dial disarray was graded from O to 5, as described in Table S1).

Separate from the quantitative risk assessment, tissue fibrosis
was qualitatively classified into 3 degrees: mild (<10% area of
fibrosis in specimens), moderate (10-20%), and severe (>20%),
as previously reported™ for further risk stratification, with and
without other prognostic factors.

Electrophysiological Analysis

A standard 12-lead ECG was recorded in all patients. The
SAECG was recorded from the X, Y, and Z orthogonal leads.
LP was defined as present when at least 2 of the following 3

~ criteria were positive: filtered QRS duration (fQRS) >1201ms;

root-mean-square voltage in the terminal 40ms (RMS40)
<184V; and duration of the low amplitude signal <40uV
(LAS40) >38ms. The detailed electrophysiological protocol
is shown in Supplementary File 1.

Echocardiography

After patients with significant valvular disease were excluded,
the echocardiographic measurements were performed as fol-
lows: the end-diastolic and end-systolic dimensions were mea-
sured on the parasternal view at the level of papillary muscles
and the left atrial size was measured on the parasternal long-
axis view. Measurement of maximum wall thickness and defi-

" nition of asymmetric hypertrophy were described above.

Hemaodynamic Study

All patients underwent catheterization for hemodynamic eval-
uation. The LVEF was measured using left ventriculography,
CMR imaging, or radio nuclear imaging. All patients were
examined by right heart catheterization to assess hemodynam-
ics. Coronary angiography was performed in all patients during
their first hospitalization for diagnosis or within the year prior.

CMRB-LGE Analysis

Of the 185 total patients, 60 underwent CMR using the gado-
linium-enhanced imaging technique. The detailed CMR pro-
tocol and its LGE analysis were described previously* and are
described in Supplementary File 1. In brief, CMR was per-
formed on a 1.5-T MR scanner (Magnetom Sonata, Siemens,
Erlangen, Germany) and LGE used a segmented inversion-
recovery (IR) prepared true-FISP sequence with ECG triggering
at 2,5, 10, and 20 min after the administration of 0.15 mmol/kg
of gadolinium-DTPA (Magnevist, Bayer Schering Pharma,
Berlin, Germany). For quantification of L'V mass, we semi-
automatically traced the LV endocardial and epicardial con-
tours at end-diastole in each short-axis slice of 7 sections using

. customized software (Ziostation2; Ziosoft Inc, Tokyo, Japan).

A region of interest (ROI) was selected within the normal remote
myocardium to generate the mean and standard deviation (SD)
for the various SDs. The mass of LGE (%LGE) was automati-
cally calculated with the same software as regions exhibiting
a signal intensity above a predetermined threshold (4 SD above
the mean signal intensity of apparently normal myocardium).12

Follow-up -

Patient follow-up began on the day of biopsy. Patients were
tracked through outpatient visits every 1-3 months or were
followed at ICD check-ups every 6 months. The endpoint of
the study was lethal arrhythmic events defined as sustained
VT or VF, ICD appropriate discharge, or aborted SCD during
the follow-up period. SCD was diagnosed if the patient under-
went a sudden collapse within 1h of onset of symptoms with-
out any previous cardiac manifestation.
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Table 1. Baseline Characteristics of Patients With HCM ' o
Tissue fibrosis
Total (n=185) Mild (n=58) _ Moderate (n=78) _ Severe (n=49) P value

Age 57+14 59+12 56+13 57x16 NS
Sex (% male) 114 (62) 34 (59) 53 (68) 27 (55) NS
Family history of SCD, n (%) 16 (9) 4(7) 6(8) 6 (12) NS
Hypertension, n (%) 72 (40) 24 (42) 31 (40) 17 (36) NS
Diabetes meliitus, n (%) 31 (17) 11 (20) 12 (15) 8 (17) NS
Atrial fibrillation, n (%) 70 (38) 16 (28) 21 (27) 18 (37) NS
Syncope, n (%) 41 (22) 9 (16) 18 (23) 14 (29) NS
Prior NSVT, n (%) 55 (30) 13 (22) 25 (32) 17 (36) NS
Prior sustained VT/VF, n (%) 26 (14) 5(9) 9 (12) 12 (24) NS
Prior hospitalization, n (%) 76 (41) 15 (26) 35 (45) 26 (53)* 0.01 vs. mild*
Echo and hemodynamic parameters

LVEF, % 47+19 45+19 48+19 47+20 NS

Max. wall thickness, mm 176 166 176 18+6 NS

Wall thickness >30mm, n (%) 5(3) 2(3) 2(3) 1(2) NS

Asymmetric hypertrophy, n (%) 82 (44) 28 (48) 31 (40) 23 (47) NS

Max. PG >30mmHg, n (%) 41 (22) 9 (16) 23 (29) 9 (18) NS

BNP, pg/ml (IQR) 256 (137-506) 221 (116-470) 278 (126-502) 272 (175-613) NS

PCWP, mmHg 12+7 10+6 1216 137 0.03 vs. mild*
Pathological parameters

Myocyte diameter, um 215 20+4 215 2244 NS

Myocardial disarray, grade: 0-5 2.6+1.3 2414 2.6+1.1 2.7x1.3 NS
ECG and electrophysiology '

QRS duration, ms 119+30 114424 12127 122+39 NS

QTc interval, ms 454167 45272 446+52 46881 NS

LAS40, ms 32122 28+16 3017 41129* 0.03 vs. mild*

fQRS, ms 120+30 114+28 122130 123+34 NS

RMS voltage, vV 6364 67+58 6463 5771 NS

LP(+) by SAECG, n/total N (%) 30/123 (24) 8/38 (21) 9/53 (17) 13/32 (41) NS
CMR parameters (n=60)

LV mass, g 165+54 158+58 179+54 148+45 NS

LGE % LV mass (4SD), % 3118 32+19 28+18 3515 NS
Medication, treatment

ICD/CRT-D at diagnosis, n (%) 5(3) 0 (0) 3(4) 2(4) NS

B-blocker, n (%) 68 (37) 16 (28) 34 (44) 8(16) " NS

ACEVARB, n (%) 79 (43) 26 (45) 31 (40) 22 (45) NS

Amiodarone, n (%) 14 (8) 1(2) 5 (6) 8 (16)* 0.01 vs. mild*

Other antiarrhythmics, n (%) 43 (23) 10 (17) 20 (26) 12 (24) NS

*Statistically difference between mild and severe. ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP,
B-type natriuretic peptide; CMR, cardiac magnetic resonance imaging; CRT-D, cardiac resynchronization therapy with defibrillator; fQRS, total
filtered QRS duration; HCM, hypertrophic cardiomyopathy; ICD, implantable cardioverter-defibrillator; LAS40, duration of the low amplitude
signal <40puV; LP(+), positive late potential; LVEF, left ventricular ejection fraction; NS, not significant; NSVT, nonsustained ventricular tachy-
cardia; PCWP, pulmonary capillary wedge pressure; PG, pressure gradient in left ventricle; RMS, root-mean-square; SAECG, signal-averaged
electrocardiogram; SCD, sudden cardiac death; VT/VF, ventricular tachycardia/ventricular fibrillation.

Statistical Analysis

Continuous variables are expressed as the mean+SD, median
(interquartile range of 25~75%), or n (%). Comparison among
the 3 groups was made using Tukey’s method for continuous
variables to adjust multiplicity, applying P<0.05 as the signifi-
cance level. Bonferroni’s method was used for categorical vari-
ables, applying P<0.016 among the 3 groups as the significance
level. Survival curves were calculated by the Kaplan-Meier
method using the log-rank test for group comparison among
the extent of graded tissue fibrosis (<10%, 10-20%, and >20%).
All variables with a P-value <0.05 in the univariate analysis
were considered candidates for inclusion in the multivariate
analysis. Cox proportional hazard regression adjustment was

performed to calculate the hazard ratio (HR) in the multivari-
ate analysis. All analyses were performed with JMP version 9
software (SAS Institute Inc, Cary, NC, USA).

Results

Baseline Characteristics

The baseline characteristics of the 185 patients are shown in
Table 1; 76 (41%) patients had a history of hospitalization for
HF or arrhythmia, and 26 (14%) had a history of VI/VF, in
which nonsustained VT was not included. ICD or cardiac
resynchronization therapy with defibrillator (CRT-D) was
undertaken in 5 patients at baseline. The baseline LVEF, pul-

Circulation Journal Vol.79, August 2015

193



1736 WADA Y et al.
N

B Mild

BRI Moderate

EEEE Severe

H|||H|l|¢i|i!‘l‘1‘TTTT'r‘\'
0 5 10 15 20 25 30 35 40 45 5 55 60
Tissue fibrosis (%)
(moderate) (severe)
' 100pm

Figure 1. Quantitative fibrotic change in right ventricular (RV) biopsy specimens from hypertrophic cardiomyopathy patients with
mild, moderate or severe fibrosis. (A) Distribution of fibrosis (%) in all samples. (B) Representative RV biopsy specimens stained
by Masson’s trichrome showing mild (3.9% of area), moderate (18.2%) or severe (31.7%) fibrosis, which represents the fibrosis of
the entire area, including endomyocardial thickening and perivascular fibrosis.

monary capillary wedge pressure (PCWP), B-type natriuretic
peptide (BNP) concentration, and maximum LV wall thick-
ness were 47+19%, 12+7mmHg, 256 (IQR: 137-506) pg/ml,
and 17+6mm, respectively, at the time of biopsy.

Clinical and Histopathological Changes

The average tissue area was 2.34:1.38 mm?. In the tissue sam-
ple measurements, the fibrosis ratio (% area) was 15.7+9.8%
and the distribution of fibrotic change in all samples is shown
in Figure 1A. The level of fibrosis was classified as mild (<10%;
n=>58), moderate (10-20%; n=78), or severe (>20%; n=49).
A representative tissue sample of each group is shown in
Figure 1B.

As shown in Table 1, no significant correlation was found
among the groups for age, sex, history of hypertension, diabe-
tes mellitus, atrial fibrillation, or other conventional risk fac-
tors, including family history of SCD, syncope, maximum wall
thickness, and pressure gradient. A history of hospitalization
for HF or arthythmia was more common in patients with severe
(n=26, 53%) tissue fibrosis compared with mild (n=15, 26%)
tissue fibrosis (P=0.01).

I.VEF and plasma BNP were not associated with the degree
of fibrosis at the time of diagnosis. On the other hand, PCWP
was higher in patients with severe fibrosis compared with mild
fibrosis (P=0.03). The mean myocyte diameter (21+5 ym) and
degree of myocardial disarray (2.641.3) in the total cohort did
not differ among the groups.

Conduction Abnormality and Lethal Ventricular Arrhythmias
Figure 2 shows representative tissue samples of mild (6.8%)
and moderate (16.6%) fibrotic change in HCM patients.
Although LVEF and QRS duration on ECG were comparable
in these 2 patients, a longer filtered QRS duration, LAS40, and
thus positive LP were detected in the patient with moderate
fibrosis. Although not all patients underwent SAECG (n=123),
increased fibrosis (%area) was mildly associated with longer
LAS40 (:*=0.07, P<0.01) (Figure S2). LAS40 was larger in
patients with severe fibrosis compared with mild fibrosis
(P<0.05) (Table 1).

Next, we compared the degree of tissue fibrosis and the
development of lethal ventricular arrhythmias. As shown in
Figure 3A, the degree of fibrosis at the time of HCM diagno-
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