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Association of Hypocalcemia With Mortality in Hospitalized
Patients With Heart Failure and Chronic Kidney Disease
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ABSTRACT

Background: Chronic kidney disease—mineral and bone disorders (CKD-MBD) are associated with
vascular calcification and abnormal electrolytes that lead to cardiovascular disease and mortality. CKD-
MBD is identified by imbalances in serum calcivm {Ca), phosphate, and parathyroid hormone (PTH).
Although the relation of phosphate and PTH with the prognosis of HF patients has been reported, the as-
sociation of Ca with prognosis in patients with heart failure (HF) and CKD remains unclear.

Methods and Results: We examined 191 patients admitted for HF and CKD (estimated glomerular filtration
rate <60 mL min~" 1.73 m ™), and they were divided into 2 groups based on levels of corrected Ca: low Ca (Ca
< 8.4 mg/dl;n = 32) and normal-high Ca (8.4 =Cu; n = 1359). We compared laboratory and echocardiographic
findings, as well as followed cardiac and all-cause mortality. The low-Ca group had 1) higher levels of alkaline
phosphatase (308.9 vs 261.0 U/L; P = .026), 2) Iower levels of 1,25-dihydroxy vitamin D (26.1 vs 45.0 pg/mL;
P = (11) and hydrogen carbonate (22.4 vs 24.5 mmol/L; P = .031), and 3) a tendency to have a higher PTH
level (87.5 vs 58.6 pg/mil; P = 084). In contrast, left and right ventricnlar systolic function, estimated glomer-
ular filtration rate, urine protein, phosphate, sodium, potassium, magnesiwm, and zince did not differ between the
2 groups. In the Kaplan-Meier analysis, cardiac and all-canse mortality were significantly higher in the low-Ca
group than in the normal-high—Ca group (P < .05). In the multivariable Cox proportional hazard analyses, hy-
pocalcemia was an independent predictor of all-cause mortality in HF and CKD patients (P < .05).
Conclusions: Hypocalcemia was an independent predictor of all-canse mortality in HF and CKD pa-
tients. (J Cardiac Fail 2015;21:621-627)

Key Words: Heart failure, chronic kxdney disease, chronic kidney disease-mineral and bone disorders,

hypocalcemia, prognosis.
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Heart failure (HF) is the major cause of death among the
eldetly in many countries. Chronic kidney disease (CKD)
frequently coexists with HF and increases mortality and
morbidity.) Recently, chronic kidney disease—mineral
and bone disorders (CKD-MBD) have gained attention
and have been associated with vascular caleification and
abnormal electrolytes that lead to cardiovascular disease
and mortality in p&ue:nts, not only with hemodialysis but
also with predialysis.>® Mineral disorders are associated
with abnormal bone metabolism,” preﬁresszve CKD,® car-
diovascular events,® and mortality ° CKD-MBD is iden-
tified by imbalances in serum caleium (Ca), phosphate, and
parathyroid hormone (PTH).2
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Furthermore, Ca plays an important role in myocardial
contraction and relaxation.'” Recently, serum Ca levels
have been reported to be associated with left ventricular
diastolic function in CKD patients'' and left ventricular
ejection fraction (LVEF) in HF patients.'® Although the re-
lationships of increased phosphate and PTH with the prog-
nosis of HF patients’>~"> have been reported, little is
known about the association of Ca levels with prognosis
in patients with HF and CKD.'*!° On the other hand, hypo-
calcemia progresses as CKD develops® and is assumed to
cause systolic and diastolic dysfunction, elongation of QT
interval, and increasing PTH, which may be associated
with cardiac mortality (pump failure death and arthythmic
death) in HF and/or CKD. On another note, the renin-
angiotensin-aldosterone system and sympathetic nervous
activity are related to progressive HF andfor CKD, and
are reported to be predictors of HF patients, The presence
of other mineral disorders, including hyponatremia'®'’
and hypomagnesemia,m’m is common in HF patients with
advanced HE

Therefore, the aims of the present study were to investi-
gate the association of hypocalcemia with 1) cardiac func-
tion, 2) electrocardiogram findings (QT interval), 3) PTH,
1,25-dihydroxy vitamin D [1,25(0OH),D], and other mineral
factors (phosphate, sodium, potassium, magnesium, and
zinc), 4) neurohumoral factors (plasma noradrenalin,
plasma renin activity, renin concentration, aldosterone,
B-type natriuretic peptide), and 5) prognosis (cardiac and
all-cause mortality).

Methods
Subjects and Study Protocol

This was a prospective observational study which enrolled
consecutive symptomatic HF and CKD patients (CKD grade
33, defined as estimated glomerular filtration rate {eGFR) <
60 mL min~! 1.73 m™> according to the Modification of Diet in
Renal Disease formula'®) who were hospitalized to treat decom-
pensated HF at Fukushima Medical University from 2009 to
2012 (Fig. 1). The diagnosis of decompensated HF was defined ac-
cording to the Framingham criteria.”® Patients with acute coronary

Hospltalized patients with decompensated heart fallure
between 2009 and 2012 {n=355)

S

Decompensated heant fallure with
¢hronic Kidney disease (n=191):
Divided into two groups

1} Low Ca {r=32] and 2} Normal-high Ca {n=158)

ﬂ@ [Missing data withoutfofiow up (n=0) |
! Endpoint acquisition 812014 (n=191} l

Fig. 1. Patient flow chart.

Exclusion

Without ehronic Kidney disease {n=148)
Acute coronan syndrome {n=6}
Dialysls (n=6}

Documented cancer (n=4}

Enroliment

Y
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syndrome, dialysis, and documented cancer were excluded
(Fig. 1). Blood sample was obtained within the 1st 24 hours of
admission. Patients were divided into 2 groups based on corrected
Ca levels of this single measure (defined as measured [Ca + 0.8]
% [4.0 — serum albumin]): low Ca, <8.4 mg/dL; and normal-high
Ca, =8.4 mg/dL).*"** We compared the clinical features and re-
sults from several examinations of each group, such as laboratory
tests, echocardiography, and electrocardiography, performed dur-
ing hospitalization. Hypertension was defined as the recent use
of antihypertensive drugs, systolic blood pressure =140 mm Hg,
and/or diastolic blood pressure =90 mm Hg. Diabetes was defined
as the recent use of insulin or antidiabetic drugs, fasting blood
glucose =126 mg/dL, and/or hemoglobin A;. =6.5%. Dyslipide-
mia was defined as the recent use of cholesterol-lowering drugs,
triglyceride =150 mg/dL, low-density lipoprotein cholesterol
=140 mg/dL, and/or high-density lipoprotein cholesterol <40
mg/dL. The eGFR was determined according to the Modification
of Diet in Renal Disease formula.’® Anemia was defined as hemo-
globin <12.0 g/dL in women and < 13.0 g/dL in men.” Reduced
LVEF was defined as <50%. The primary outcome of our study
was all-cause mortality. Patients were followed for cardiac death
and all-cause mortality. Survival time was calculated from the
date of hospitalization until the date of death or last follow-up,
Status and dates of deaths were obtained from the patients’ med-
ical records. If those data were unavailable, status was ascertained
by a telephone call to the patient’s referring hospital physician.
These survey was performed blindly to the analyses of this study.
‘Written informed consent was obtained from each study subject.
The study protocol was approved by the Ethical Committee of Fu-
kushima Medical University. The investigation conforms to the
principles outlined in the Declaration of Helsinki. Reporting of
the study conforms to STROBE along with references to STROBE
and the broader EQUATOR guidelines.*

Echocardiography

Echocardiography was performed blindly by an experienced
echocardiographer with the use of the standard techniques. Echo-
cardiographic parameters investigated included interventricular
septum thickness, left ventricular dimension, posterior wall thick-
ness, LVEF, left atrial volume, the ratio of early transmitral flow ve-
locity to mitral annular velocity (mitral valve Efe’), inferior vena
cava diameter, right ventricular fractional area change (RV-FAC),
and tissue Doppler—derived tricuspid lateral annular systolic veloc-
ity (tricuspid valve §').>* The LVEF was calculated with the use of a
modification of the Simpson method. Mitral valve Bfe' was caleu-
lated with the use of transmitral Doppler flow and tissue Doppler
imaging. Tissue Doppler imaging was obtained from the average
of lateral and septal annulus velocities. The RV-FAC, defined as
{[end-diastolic area — end-systolic areal/end-diastolic area) x
100, is a measure of right ventricular systolic function.”® All record-
ings were performed on ultrasound systems (Acuson Sequoia;
Siemens Medical Solutions USA, Mountain View, California). .

Measurement of QT and QTc Intervals

The standard resting BCG was recorded in the supine position
with the use of the Cardiostar FCP-7541 (Fukuda Denshi Co,
Tokyo, Japan) and stored digitally. This system allows automatic
measuring of QT and QTc intervals, The QT interval was
measmed from the beginning of the QRS complex until the
T-wave returns to the isoelectric line. Then the median QT interval
was calculated and corrected for the heart rate.
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Measurement of Ca, Phosphate, Magnesium, Zine,
PTH, and 1,25(0OH),D

A blood sample was obtained from each patient on admission.
The level of serum Ca was measured by means of the Arsenazo
1T method (Aquaauto Kainos Ca reagent; Kainos, Tokyo, Japan).
The levels of phosphate, zinc, and magnesium were also measured

- with the use of standard methods in our laboratory [phosphate: enzy-
matic method (Pi-L; Serotec, Hokkaido, Japan); zinc: colorimetric
method (Accuras Auto Zn; Shino-Test Corp, Kanagawa, Japan);
magnesiom: atomic absorption spectrophotometer method (magne-
sium Flex Reagent Cartridge; Siemens Healthcare Diagnostics,
Tokyo, Japan)]. Serum intact PTH was measured with the use of
an electrochemiluminescence immunoassay kit (Access Intact
PTH; Beckman Coulter, Tokyo, Japan). The level of 1,25(0H),D
was measured by means of radioimmunoassay {1,25(0H)D RIA
kit; Pujirebio, Tokyo, Japan). Assays were performed by a labora-
tory technician blinded to the patients’ clinical data.

Statistical Analysis

Normally distributed data are presented as mean £ SD, and
nonnormally distributed data are presented as median (interquar-
tile range [IQR]). Categoric variables are expressed as number
and percentage. The chi-square test was used for comparisons of
categoric variables. Characteristics and data of the 2 groups
were compared by means of the independent Student £ test for nor-
mally distributed data and the Mann-Whitney U test for nonnor-
mally distributed data. The Kaplan-Meier method was used for
presenting the event-free rate, and the log-rank test was used for
initial comparisons. Cox proportional hazards analyses were
used to evaluate Ca levels as a predictor of all-cause mortality.
‘We constructed 2 models: in the first, we analyzed Ca levels as
a categoric variable model (low Ca vs pormal-high Ca); and in
the second, we analyzed Ca Jevels as a continuous variable model.
To prepare for potential confounding, we considered the following
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clinical factors, which are known to affect the risk of all-cause
mortality in HF patients: age, sex, New York Heart Association
(NYHA) functional class III or IV, body mass index, systolic
blood pressure, presence of ischemic etiology, diabetes, atrial
fibrillation, anemia, reduced LNVEF (<(50%), B-type natriuretic
peptide (BNP), and sodium. Among these, factors that indepen-
dently predicted all-cause mortality with a value of P < 05
were selected in the final adjusted model: age, body mass index,
presence of ischemic etiology, BNP, and sodium. The proportional
hazards assumption for the model was checked by examining
log—minus-log transformed Kaplan-Meier estimates of the sur-
vival curves for 2 groups plotted against time to follow-up period.
These curves help in identifying nonproportionality patterns in
hazard function, such as convergent (difference in risk between
the 2 growps decreases with time), divergent, or crossing of the
curves. In addition, Schoenfeld test for the violation of propor-
tional hazards, which assesses the correlation between scaled
residuals and time, was conducted. Because the proportional haz-
ards assumptions were violated in the above-mentioned diagnostic
test, the extended Cox hazards model was used for time-varying
exposure of the adjusting variable. There was no significant multi-
collinearity between Ca levels and these confounding factors. A
value of P < .05 was considered to be significant for all compar-
jsons. These analyses were performed with the use of a statistical
software package (SPSS v 21.0; IBM, Armonk, New York).

Resulis

Clinical features of the study subjects are summarized in
Table 1. The Low Ca group had higher levels of blood pres-
sure and heart rate, longer length of hospital stay, higher
prevalence of anemia, and less use of B-blockers. Compar-
isons of laboratory data between the 2 groups are shown in
Table 2. The Low Ca group had higher levels of alkaline

Table 1. Comparisons of Clinical Features (n = 191)

Low Ca Normal-high Ca
Group (Ca <84 mg/dl; n = 32) - (Ca =84 mg/dL; n = 159) P Value
Age, ¥y 70.8 * 124 703 % 114 528
Male gender, n (%) 25 (78.1) 110 (69.2) 311
Body mass index, kg/m® 234 = 4.8 230 =37 660
NYHA Il or IV 12 {37.5) 46 (28.9) 539
Systolic blood pressure, mm Hg 1463 = 402 126.0 = 28.6 <.001
Diastolic blood pressurs, mm Hg 83.5 £ 258 0.9 + 199 004
Heart rate, beats/min 91.8 + 280 81.1 = 264 006
Length of hospitalization, d 28.9 £ 227 194 + 144 029
Tschemic etiology, n (%) 11 (34.4) 46 (28.9) 539
Reduced LVEF, n (%) 19 (594) 89 (56.0) 723
Comorbidity, n (%)
Hypertension 23 (71.9) 126 (79.2) 358
Diabetes 15 (46.9) 60 (37.7) 334
Dryslipidemia 23(71.%) 120 (75.5) 669
Atrial fibrillation 13 (40.6) 65 (40.9) 579
Anemia 26 (81.3) 84 (52.8) 003
Medications, n (%)
RAAS inhibitors 24 (75.0} 113 (71.1y 652
B-blockers 20 (62.5) 132 (83.0) 009
Diuretics 17 (53.1) 91 (57.2) 669
Inotropic sgents 304 21 (13.2} 551
Activated vitamin Dy drags 2(6.3) 16 (10.1) 501
Phosphate binders 2 {6.3) 16 (10.1) 501
Erythropoiesis stimulating agent () 6(3.8) 264
Iron drag 6 {18.8) 22 (13.8) A73

KNYHA, New York Heart Association (NYHA) functional class; LVEF, left ventricular ejection fraction; RAAS, renin-angiotensin-aldosterone system.

159
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Table 2. Laboratory Data

{?émug Low Ca(n = 32} Normal-high Ca {n = 159) P Value
‘ﬁ&mog’fabm gdL 112 %2 4 125£23 008
B-Type natriuretic peptide, pg/mL* 4693 (788) 415.0 (655) 201
Blood urea nitrogen, mg/dL 309 = 174 279 £ 121 215
Creatining, ma/dL 23+25 20219 176
€GFR, mL min™" 1.73 m™> 39.8 + 23.8 417 % 180 346
Alkaline gﬁasphaiase UL 3089 + 1520 261.0 * 1051 026
Cereactive protein, mg/dL¥ 0.80-(1) 045 (1) 132
Sodiam, mmoel/L 1378 £ 60 1382 £ 47 213
Potassium, mmel/L . 42411 - 43%06 849
Chioride, mmol/L 1014 = 6.1 1018 = 44 668
Corrected calcium, mg/dL 79 =04 92 %205 <.001
Phosphate, mgfdl. 38x13 36208 271
Magnesium, mEqg/L 18 205 1.8 =03 713
Zine, mgldL 393 % 145 68.0 £ 145 124
Intact PTH, pg/mL 87.5 * 46,0 58.6 =218 084
1.25-dthydroxy vitamin D, pgfmL 26.1 * 116 45.0 = 198 a1
Iron, jigfdL 394 % 195 78.2 £ 405 <001
Perritin, ng/ml. 2073+ 743 1721 £ 993 232
UIBC, pg/dL 184.5 = 80.6 218.8 * 654 109
Eryt}n‘z)pmenu, miU/mL 142.9 1229 £ 636 £225
Urine protein, —/2/14+/=24 201’2!2!8 104/25/15/15 060
HCO;™, mmol/L 224 =57 245 £ 4.1 .81
Plasma noradrenalin, pg/mL 7540 = 395 5 978‘3 +483.1 437
Plasma renin activity, ng mL™" h™'* 6127 284
concentratiorn, pgme* & 3) 4.2) 330
Aidczsmmne; pg/mL* 61.1 {SS 6) $8.0 {’72 2} 713

eGFR, estimated glomerular filtration rate; PTH, parathyroid hormotie; UIBC, unsaturated iron-binding capacity; HC03 « hydrogen carbonate.

*Data gxmsented as median (interquartile range).

phosphatase, and lower levels of hemoglobin, 1,25(0OH),D,
iron, and hydrogen carbonate. Furthermore, the Low Ca
group tended to have higher PTH levels. In contrast,
eGFR, urine protein, phosphate, sodium, potassium, mag-
nesium, zine, plasma noradrenalin, renin activity, renin con-
centration, and aldosterone did not differ between the 2
groups. Echocardmcmp‘nw parameters and QT intervals
are summarized in Table 3. Left and right ventricular Sys-
tolic function did not differ between the 2 groups. The
Low Ca group had a higher heart rate and tended to have
a longer QTg interval.

During the follow-up period (mean 643 days, median 627
days [IQR 311929 days]), there were 29 cardiac deaths
and 26 noncardiac deaths [respiratory failure and/or pneu-
‘monia {n = 6), renal failure (n = 3), cancer (n = 5), 1nfec~
tion/sepsis (n = 3), aneurysm (n = 2), stroke (n ).
digestive hemorrhage (n = 1), and other problems (ﬁ =

2)]. These events in each group are summarized in

Table 4. As shown in Figure 2, the event-free rates from

cardiac death and all-cause mortality were significantly

lower in the Low Ca Group than in the Normal-high Ca
Group (P < .05). Median survival time of the Low Ca

Table 3. Comparisxms of Echocardiographic and Electrocardiographic Data

Low Ca Normal-high Ca
Group {n = 32} n =159 P-Value:
Echoeardiography ‘
Tniterventricular septam 113234 L1228 ©.966
thickness, mm
Laft ventricular end-diastolic dimension, mm 534 =109 225
Left ventricular end-systolic dimension, mm 406 = 11.8 A72
Posterior wall thickness, mm 114226 872
LVEFE, % 469 =153 683
Left atrial volume, mL 88.3 = 51.7 Als
Mitral valve B! 177 £ 99 860
Inferior vena cava diameter, min 132245 066
RV-EAC, % 0 456 = 125 633
Tricuspid valve &, emfs 98 £ 43 04
Electrocardiography o
Heart rate, beats/min 938 + 298 786 £ 199 008
QRS, ms 179 % 327 1202 £ 297 638
QF, ms 3834 £ 559 401.8 £ 506 96
- QFe, ms 464.1 = 433 451.2 = 405 127

LVEF, left ventricular ejection frazmon* antmi valv;, Efe!, ratio cf the paak ai*ansmjsral ve:iomy during aaﬁy dxasmk: to the gcak mitral alva am}ular Vi
lacity during early diastole; RV-FAC, right ventricular fractional area change; tricuspid valve &, Dappler«deﬁve& tricuspid lateral annular systolic velocity.
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Table 4. Numbers and Proportion of Events (n = 191}

Low Ca  Normal-high Total
Group (n=232) Ca(n=139 =191
Cardiac death, n (%) 10 (31.3) 19(11.%) 29 {15.2)
All-cause mortality, n (%) 16 (30.0) 39 (24.5) 55 (28.8)
In-hospital mortality, n (%) 7 (21.9) 4025 11 (5.8
Time frame of events, n (%)
Rehospitalization I 4.0% 1 (0.6} 2(1.1}
within 30 4%
Rehaspitalization 2 (R0 LRERY] 8 {4.4)
withig 90 d*
Rehospitalization 2 (3.0) 10 (6.5} 12(6.7)
within 1 y¥
All-cause mortality 6 (27.3) 3(1L9) 947N
within 30 days
All-cause mortality 7 (31.8) 4{2.5) 11 (5.8)
within 90 days
All-cause mortality 9 (40.9) G (5.1 I8 (94)
within 1 year

*Patients without in-hospital mortality (n = 180).

group was 521 days and of the Normal-high Ca was
657 days. ‘

The Cox proportional hazards model was used to
examine the prognostic value of hypocalcemia (low Ca)
and continucus Ca levels in patients with HF and CKD
{(Table 5). We checked that the Cox models support the
assumption of proportional odds. In multivariable analysis,
both low Ca and Ca levels were independent predictors of
all-cause mortality (P < .05).

Discussion

To the best of our knowledge, the present study is the first
to show the association between hypocalcemia and all-
cause mortality in hospitalized patients with HF and
CKD. Patients with hypocalcemia had higher levels of alka-
line phosphatase (as a marker of bone turnover), lower
levels of 1,25(0OH),D, hydrogen carbonate, and hemoglo-
bin, and a tendency to having higher PTH and longer
QTc interval. In contrast, and unexpectedly, left and right
ventricular systolic function, BNP, renal function, urine

A Cardiac death

1004
ey Normal-highCa
Z 4o L
@
® LowCa
E
P 50
Z 40
=4
o
o2 fog-rank
P=0.001
0
sumber stk @ 500 1000 1500 2000 {9avs)
Hoemaldigh 2 158 62 43 3 &
Low Oz 32 16 1 & &

625

protein, phosphate, plasma noradrenalin, and parameters
of RAAS did not differ between the 2 groups.

In patients with CKD, altered Ca-phosphate metabolism

is present, along with altered myocardial and vascular func-
tion. In CKD patients, depending on the CKD stage, there is
decreased serum Ca, decreased hydrogen carbonate and
1,25(0H),D, and elevated phosphate and PTH levels.?
Decreased vitamin D (25-OH vitamin D) is associated
with poor prognosis in HF.'*?® Elevated PTH levels are
reportedly associated with 1) lower cardiac index and high-
er pulmonary capillary wedge pressure and heart rate in

HF,*” 2) predictors of worsening HF in chronic HE,'S and '

3) predictors of all-cause mortality in HF."*

The direct association with hypocalcemia and the
vascular system and the complicated metabolic circum-
stances occuwrring in CKD remain unclear. Calcium is
required for myocardial contraction and relaxation. After
it is diffused into the region of myofibrils, free Ca®™ in-
duces a reversal of the inhibition of actin-myosin contrac-
tion by the troponin-tropomyosin complex,”® an effect
that allows the interaction of actin and myosin with the
resultant sliding of filaments and production of myocardial
contraction.

To date, fow studies regarding association with Ca levels
and HF prognosis exist.'*'® Cubbon et al found that levels
of Ca were inversely correlated with LVEF and associated
with all-cause mortality, but not with sudden death, in HF
patients.'” However, their HF patients were outpatients
included regardless of CKD, were within almost normal
Jevels of serum Ca, and differed from our hospitalized pa-
tients with HF and CKD. On the other hand, Zitterman
et al reported that Ca levels were significantly higher in
event-free survivors than in nonsurvivors of end-stage HF,
and that derangements in parameters of Ca, phosphate,
and magnesium metabolism predict poor cutcome in end-
stage HF.'® We also think that extremely low or extremely
high Ca levels seem to be related to cardiovascular mortal-
ity,” concordant with CKD-MBD management.>'??

We could not explain the reason why left ventricular sys-
tolic function and QT interval were not different between our
2 groups of subjects, or why the Low Ca group had more

B All-cause mortality

1009 ¢
© 804 N
2 Normal-high Ca
£ :
g o0 %
o Tt LOW CE
B 40
L
@ 0. fogrank
' F<0,001
a-
wumber shicke 0 800 1006 1500 2000 (davs)
Hormathigh Ca 153 192 48 3 2
tow Cx 2 % P

Fig. 2. Kaplan-Meier analysis for (A) cardiac death and (B) all-cause mortality between the 2 groups (Low Ca and Normal-high Ca).

161

»



B26 Journal of Cardiac Failure Vol. 21 No. 8 August 2015

Table 5. Cox Proportional Hazards Model of Cardiac Death and All-Cause Mortality in Heart Failure

Categoric Variable Model (Low Ca vs Normal-high Ca)

Continuous Variable Model (Ca 1 me/dL Decrease)

Event HR 95% Cl P Value HR 95% Cl P Value
Cardige death (n = 29)
Unadjusted 3404 15767352 002 1.165 1.032—1.505 002
All-cause mortality (n = 535}
Unadjusted 2,895 1.608-5.215 <.001 1.387 1.060—1.816 =001
Adjusted model® 1.749 1.014-3414 045 1.352 1.029—1.775 021

HR, hezard ratio; CI, confidence interval.

*Adjusted for age, body mass index, presence of ischemic etiology, B-type natriuretic peptide, and sodium.

cardiac deaths. Hypocalcemia may cause decreased pump
function, which we could not evaluate with the use of
LVEF or RV-FAC, and abnormal repolarization, which we
could not evaluated with the use of QTc. Hypocalcemia pro-
gresses as the CKD devsiops,s with advanced acidemia,
decreased 1,25(0H),D,"*® and increased PTH,'*!? fibro-
blast growth factor 23,'* and bone turnover. Higher mortality
in hypocalcemia may reflect a relationship severity not only
of cardiac dysfunction but also of comorbidities, including
CKD. These mechanisms may in part explain the poor prog-
nosis of hypocalcemia in patients with HF and CKD.

Also, various CKD-MBD control drugs were recently re-
ported to affect mortality in CKD patients by, for example,
acting on the vitamin D receptor activator’? and pﬁesphate
binders (Ca component or noncomponent).*! It is recom-
mended that these control drugs should be given priority
over the Ca-phosphate control of PTH in CKD-MBD man-
agement.”** Although using appropriate management to
control Ca levels as well as phosphate (CKD-MBD bal-
ance) may be important in patients with HF and CKD,
attention for the complex network including fibroblast
growth factor 23, vitamin D, and PTH is necessary.

Study Strengths and Limitations

Several limitations remain in the present study. First, as a
prospective observational study in a single institution, the
number of sobjects was relatively small and the study
may have been underpowered to accurately estimate the as-
sociation between hypocalcemia and outcomes. The
numbers of cardiac deaths and all-cause deaths ‘were also
small. For these reasons, results from the multivariable
Cox proportional hazards regression models, in particular,
should be viewed as preliminary. Prospective studies with
larger populations are needed. However, diagnosis of HE
and causes of death including cardiac and all-cause mortal-
ity were accurately made by our experienced cardiologists.
Second, we did not measure and consider changes in Ca
levels, and only baseline Ca levels within the 1st 24 hours
after admission were used for the analyses. Third, we used
only index hospitalization variables, without consideration
of change in medical parameters and post-discharge ireat-
ment. Fourth, there is no way of knowing the detailed
causal nature of relationships between poor prognosis
and hypocalcemia with elevated PTH and lowered
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1,25(0H),D. Fifth, 25-OH vitamin D might be a better pre-
sentation of true body deficiency. Sixth, activated vitamin
D5 drugs or phosphate binders were given in only a few pa-
tients among our study subjects. Seventh, levels of plasma
renin activity, concentrations of renin and aldosterone
might be affected by taking RAAS inhibitors.

Conclusion

Hypocalcemia was an independent predictor of all-cause
mortality in patients with HF and CKD. These findings pro-
vide an important insight for the managemeiit of Ca levels
and for prospectively assessing the comparative yield of
strategies designed to optimize treatment in patients with
HF and CKD. Further study is required to elucidate the
mechanisms underlying the adyerse association with hypo-
calcemia and to determine whether controlling Ca levels
improves the prognosis in HE and CKD patients.
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rrthythmogenic right ventricular cardiomyop-
athy/dysplasia (ARVC/D) is a cardiomyopathy
characterized by ventricular arrhythmias and
fibrofatty replacement of the right ventricular (RV)
myocardium (1,2). ARVC/D slowly progresses to more
diffuse RV and left ventricular (LV) dysfunction
(2,3). In the early (concealed) phase, structural change
is absent or minor, but patients may be at risk for

sudden cardiac death (SCD) caused by sustained ven-
tricular tachycardia (VT) or ventricular fibrillation
(VF) in younger patients and athletes (1-5). Life-
threatening ventricular arrhythmia and SCD can
constitute the initial presentation of ARVC/D (2,3). In
the overt (electric) phase, patients have symptomatic
ventricular arrhythmia with manifested structural
abnormalities of the right and/or left ventricle (2).
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Prognosis and the ARVC/D Diagnostic Criteria

ABBREVIATIONS
AND ACRONYMS

ARVC/D = arrhythmogenic
right ventricular
cardiomyopathy/dysplasia

€I = confidence interval
ECG = electrocardiography
HF = héart failure

HR = hazard ratio

iCD = implantable
cardioverter-defibrillator

LV = left ventricular

MACE = major adverse
cardiovascular event(s)

RV = right ventricular

SAECG = signat-averaged
electrocardiography

SCD = sudden cardiac death
TFC = task force criteria
VF = ventricular fibrillation

VT = ventricular tachycardia

In the later phase, patients experience pro-
gressed right or biventricular heart failure
(HF) with or without the presence of ventric-
ular arrhythmia (2).

Thus, there is no single diagnostic tool for
ARVC/D, and the clinical diagnosis of ARVC/D
is often complex and difficult. The 1994
task force criteria (TFC) first provided the
clinical diagnosis of ARVC/D on the basis of
several categories, such as structure, func-
tion, histology, electrocardiography (ECG),
arrhythmia, and family history (6). These
criteria were modified in 2010 to improve
diagnostic sensitivity by advances in the
diagnostic modalities and the genetic
knowledge of ARVC/D (7).

Several electrocardiographic and electro-
physiological abnormalities and structural
features of both ventricles have been re-
ported as clinical markers of a worse prog-

nosis in patients with ARVC/D, but the predictive
value of each factor itself is not high (8). The cate-
gories of TFC also include risk factors of cardiovas-
cular mortality and SCD in patients with ARVC/D
(7,8). We hypothesized that risk scoring on the basis
of the 2010 TFC for the diagnosis of ARVC/D has a role
in predicting ARVC/D-specific outcomes: cardiovas-
cular death, worsening HF, and sustained VT or VF.
The aim of this study was to evaluate the long-term
prognostic role of 2010 TFC-based scoring in pa-
tients with ARVC/D.

METHODS

SUBJECTS. We retrospectively studied 90 patients
with ARVC/D who met the definitive diagnosis of the
2010 TFC. All patients admitted to the Department of
Cardiology, Tokyo Women’s Medical University Hos-
pital, for evaluation of sustained VT or VF and/or
cardiomyopathy between 1974 and 2012 and with
available follow-up were included in this study. All
patients underwent 12-lead ECG and echocardio-
graphy or magnetic resonance imaging or RV
angiography. Eighty-one patients also underwent
endomyocardial biopsy of the right ventricle. Eighty-

five

patients

underwent signal-averaged ECG

(SAECG) (Predictor BSM-32, Arrhythmia Research
Technology, Fitchburg, Massachusetts), and 79 pa-
tients underwent 24-h Holter ECG.

Antiarrhythmic

drugs were prescribed for

ventricular and supraventricular arrhythmias. In
Japan, amiodarone and sotalol were approved in
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1992 and 1998, respectively, and the implantable
cardioverter-defibrillator (ICD) was approved in
1996.

Available data were obtained retrospectively from
the medical records of our hospital. The patients were
followed wuntil December 31, 2013. Information
regarding deceased subjects was obtained from
medical records, family members, their local hospi-
tals or general practitioners, and the admitting hos-
pital. The patients were followed until the end of the
follow-up period (December 31, 2013). The protocol
was approved by the Institutional Review Board of
Tokyo Women’s Medical University.

ARVC/D RISK SCORE. ARVC/D risk score was calcu-
lated as the sum of major and minor criteria in all 6
subdivided categories of the 2010 TFC, with major
criteria given 2 points and minor criteria given 1
point. The definite diagnosis of ARVC/D according to
the 2010 TFC was fulfilled by the presence of 2 major
criteria, 1 major plus 2 minor criteria, or 4 minor
criteria from different categories. Thus, the minimum
score of the ARVC/D risk was 4, and the range of this
score was between 4 and 12. The patients were
divided into 3 subgroups on the basis of the ARVC/D
risk score tertiles: group A (first tertile, 4 to 6 points),
group B (second tertile, 7 to 9 points), and group C
(third tertile, 10 to 12 points).

OUTCOMES. The primary endpoints were major
adverse cardiovascular events (MACEs), a composite
of cardiovascular death, hospitalization for worsened
HF, and sustained VT or VF. Worsened HF was
defined by signs and symptoms, such as dyspnea,
rales, and ankle edema, as well as the need for
treatment with diuretic agents, vasodilators, positive
inotropic drugs, or an intra-aortic balloon pump.
Sustained VT was defined as a rate of more than 100
beats/min or more than 30 s in duration (or less if
treated by electrocardioversion within 30 s) of VT on
ECG, VT that required external defibrillation, in-
travenous antiarrhythmic agents such as amiodarone,
and ICD therapy for termination. The occurrence of
these events was validated through a review of
medical records by 3 investigators (N.K., D.Y., and
A.S.). The details of cardiovascular death were based
on the clinical history obtained from medical charts or
information from other hospitals. Sudden death was
defined as unexpected endogenous death within 24 h
after last having been observed alive, unrelated to a
specific cause of circulatory failure.

STATISTICAL ANALYSIS. Summary data are pre-
sented either as the median and range or the number
of patients. Cumulative probabilities of cardio-
vascular death, first HF hospitalization, and first
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sustained VT or VF after the diagnosis were esti-
mated using the Kaplan-Meier method and by means
of a comparison of cumulative events according to 3
groups on the basis of the ARVC/D risk score with a
log-rank test. The risk for MACEs associated with
each increase of 1 point in the ARVC/D risk score was
assessed using a Cox proportional hazards model,
with adjustment for age and sex. The proportionality
assumption was checked by inspection of log-log
plots. Univariate Cox regression analysis was used
to estimate the relationship between each major or
minor criterion of the 2010 TFC and the long-term
.outcomes: cardiovascular death, HF hospitélization,
and sustained VT or VF. A p value <0.05 was
considered to indicate statistical significance. Data
analyses were performed using SPSS version 11.01
(SPSS, Inc., Chicago, Illinois).

RESULTS

PATIENT CHARACTERISTICS. The patients’ baseline
characteristics are shown in Table 1. The mean age of
the cohort at diagnosis of ARVC/D was 44 =+ 15 years,
and 68 (76%) were men.

Sustained VT or VF was documented in 64 pa-
tients (71%), and 3 patients had cardiac arrest. Nine
patients (10%) had family histories of definite
ARVC/D, which were confirmed in first-degree rela-
tives who met the 2010 TFC. Nonsustained or sus-
tained VT with left bundle-branch block was the
most frequent. Electrocardiographic abnormalities
were observed, especially T-wave inversion in the
right precordial leads (V, through V3) in 47 patients
(52%) and epsilon waves in 39 patients (43%).
SAECG showed ventricular late potentials in 85 pa-
tients (94%). RV angiography revealed signs sug-
gesting ARVC/D, such as RV dilation, reduction of
the RV ejection fraction, and RV aneurysms, in 98%
of the patients. Histological examinations were
performed in 81 patients using myocardial tissue.
Any abnormality of the myocardium, such as fibro-
fatty replacement, was observed (Table 1). At the
end of the follow-up period (December 31, 2013), 16
patients (18%) were lost to follow-up because
they did not visit our hospital and provided no
explanation.

ARVC/D RISK SCORE AND LONG-TERM OUTCOMES. The
mean ARVC/D risk score of our patients was 8 + 2
points. The distribution of patients according to the
score is shown in Figure 1. The number of patients in
each group was as follows: 25 patients in group A,
49 patients in group B, and 16 patients in group C.
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69 (76)

AR B TS
Previous VF/cardiac arrest

LVEF, %

NYHA functional class at diagnosis
! 74 (82)
Il 12 (13)
miv 4(4)

A}&
SAECG (n = 85)
Ventricular late potential 79 (92)

Right ventricular biopsy (n = 81)

Regional myocytes <60% with fibrous 40 (49)
replacement

Regional myocytes 60%-75% with fibrous 41 (51)
replacement

Values are n (%) or mean =+ SD.

ACE = angiotensin-converting enzyme; ARB = angiotensin 1l receptor blocker;
ARVC/D = arrhythmogenic right ventricular cardiomyopathy/dysplasia;
ECG = electrocardiography; ICD = implantable cardioverter-defibrillator;
LBBB = left bundle branch block; LVEF = left ventricular ejection fraction;
NYHA = New York Heart Association; RVEF = right ventricular ejection fraction;
SCD = sudden cardiac death; VF = ventricular fibrillation; VPB = ventricular
premature beat; VT = ventricular tachycardia.

During the follow-up period of 10.2 + 7.1 years, 19
patients died because of cardiovascular causes, 28
patients were admitted because of worsened HF, and
47 patients experienced sustained VT or VF (Figure 2).
The 19 cardiovascular deaths included HF death
(n =16) and SCD (n = 3).

The Kaplan-Meier curves for MACEs in the 3 groups
are shown in Figure 3. Patients in groups B and C were
at increased risk for MACEs compared with those in
group A (Table 2). There was a significantly higher
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incidence of MACEs with a higher score (per 1
point; hazard ratio [HR]: 2.29; 95% confidence in-
terval [CI): 1.52 to 3.45; p < 0.001). After adjusting
for age and sex, the score was associated with

Event-free Survival Rate (%)}

100 " Cardiovascular death
80 ,
g
u HF hospitalization

’& -

60 - 1
Ll ‘n
-!w’f!“ WA e e
;*%* e W
40 A Sustained VT/VF
20
o > : : . >
Y 2 4 6 8 10 12
Follow up {years)
HF = heart failure; VF = ventricular fibrillation; VT = ventricular tachycardia.

167

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 2, NO. 1, 2016
FEBRUARY 2016:107-15

MACEs (per 1 point; HR: 2.29; 95% CI: 1.51 to 3.46;
p < 0.001).

Patients in groups B and C were at increased risk
for sustained VT or VF compared with those in group
A. Patients in group C, but not those in group B, were
also at increased risk for cardiovascular death and HF
hospitalization compared with those in group A
(Table 3, Figure 4).

CATEGORIES OF TFC AND LONG-TERM OUTCOMES.
Univariate analysis for each major and minor crite-
rion in the 6 categories of MACEs and each event
showed that repolarization and depolarization ab-
normalities were significantly related to all events.
The major criteria, but not the minor criteria, of RV
dysfunction (global and/or regional dysfunction and
structural alterations with dilation of the RV outflow
tract or severely reduced RV systolic function) and
the major criteria of depolarization abnormalities
(epsilon waves) were significantly related to the
occurrence of sustained VT or VF, as well as the
major criteria of arrhythmias (nonsustained or sus-
tained VT with left bundle branch block with supe-
rior axis) (Table 3).

DRUG THERAPY AND LONG-TERM OUTCOMES. Qur
study failed to show the benefit of beta-blockers in
the prevention of sustained VT or VF (HR: 1.05; 95%
CI: 0.53 to 2.07; p = 0.891) or cardiovascular death
(HR: 0.43; 95% CI: 0.10 to 1.88; p = 0.557). In 64 pa-
tients who had previous sustained VT, there was no
difference in the first recurrence rate of sustained VT
or VF between amiodarone users (n = 31) and non-
amiodarone users (n = 33) (8.4% per year vs. 9.6% per
year, p = 0.457).

DISCUSSION

Our long-term observational study suggested that risk
scoring on the basis of the 2010 TFC is useful to predict
adverse events in patients with ARVC/D: 1) the cate-
gories of the TFC include the risk factors of cardio-
vascular mortality and SCD in patients with ARVC/D;
2) a higher incidence of MACEs was associated with a
higher score; 3) higher incidences of cardiovascular
death, HF hospitalization, and sustained VT or VF
were associated with the highest score; and 4) elec-
trocardiographic (repolarization and depolarization)
abnormalities were related to all major events. Addi-
tionally, RV dysfunction was related to the occurrence
of sustained VT or VF, and family history was related
to cardiovascular death.

ARVC/D DIAGNOSTIC CRITERIA AND RISK FACTORS
FOR SCD. SCD is the most common cause of death in
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patients with ARVC/D (1-8). For risk stratification of
SCD in patients with ARVC/D, previous reports sug-
gested prior cardiac arrest caused by hemodynami-
cally unstable VT and VF, a history of syncope,
electrocardiographic depolarization abnormalities,
such as QRS prolongation in the right precordial
leads, QRS dispersion and ventricular late potential
on SAECG, electrocardiographic repolarization ab-
normalities such as a significant extent of negative T
and epsilon waves, RV dysfunction, and LV involve-
ment (8). Most of these clinical findings overlapped
the major or minor criteria in 4 of the 6 categories of
the 2010 TFC for the diagnosis of ARVC/D (7). Thus,
most patients who met the definitive diagnosis of
ARVC/D also have the risk factors for SCD. The 2010
TFC does not include aborted SCD, hemodynamically
unstable sustained VT, and syncope, which are strong
predictors of SCD, because these criteria were devel-
oped only for the diagnosis of ARVC/D. In these spe-
cific patients, ICD therapy should be considered
regardless of the diagnostic criteria.

ARVC/D SCORE AND RISK STRATIFICATION OF
MACES. This approach can be challenging for the risk
stratification of MACEs in patients with ARVC/D.
There are no powerful risk factors for SCD and other
cardiovascular events in patients with ARVC/D, and
there is no standard diagnostic tool. However, a high
score indicates multiple risk factors. In fact, our re-
sults suggested that the high-score group showed a
higher incidence of MACEs. Recently, ICDs have been
placed to avoid SCD in high-risk patients with
ARVC/D with primary or secondary indications (9,10).
Amiodarone is used as a first-line antiarrhythmic drug
to suppress ventricular arrhythmia because it has
superior efficacy in preventing sustained VT or VF
compared with beta-blockers or sotalol (11). There-
fore, the cause of death in patients who were recently
diagnosed with ARVC/D may shift from SCD to death
due to HF in the later phase. Our study showed that
the most common cause of cardiovascular death was
worsened HF. Risk factors of death in patients with
ARVC/D will change in the future if the strategies for
the prevention and treatment of SCD are recognized.
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Although the RV abnormalities were not significantly
related to HF hospitalization and cardiovascular
death, other markers, including parameters that show
RV and/or LV failure, are risk factors of cardiovascular
death.

CATEGORIES AND LONG-TERM OUTCOMES. Our
findings show that the ARVC/D score is an effective
predictor of adverse events, including ventricular
arrhythmia, HF, and cardiovascular mortality.
Although more than one-half of the patients did not
undergo magnetic resonance imaging, because our
study included historical cases, most patients un-
derwent RV angiography. In our study, the majority
of patients met the major criteria of RV dysfunction.
They had severely reduced RV systolic function,
and this criterion was a significant factor for the
occurrence of sustained VT or VF. Hulot et al. (12)

b

HF Hospitalization

Sustained VT/VF

p Value

HR (95% CI)

p Value p Value HR (95% CI)

Cl = confidence interval; HF = heart failure; HR = hazard ratio; MACE = major adverse cardiac event; other abbreviations as in Table 1.
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Sustained VT/VF

MACEs Cardiovascular Death

HF Hospitalization

Criteria HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

'

Tissue characterization
Major (n = 40) 0.75 (0.42-1.33) 0.325
Minor (n = 41) 1.33 (0.75-2.36) 0.325

0.44 (0.15-1.25) 0.122 0.59 (0.27-1.29) 0.187 0.91 (0.49-1.67) 0.760
2.29 (0.80-6.53) 0.122 1.69 (0.78-3.69) 0.187 1.10 (0.60-2.02) 0.760

Depolarization
abnormalities
Major (n = 39) 1.71 (0.99-2.95) 0.054 1.67 (0.67-4.18) 0.270 2.56 (1.17-5.61) 0.019 1.86 (1.03-3.34) 0.039
Minor (n = 79) 1.93(0.47-8.00)  0.364 22.00 (0.00-54104) 0.604  0.95(0.12-7.24) 0.957 1.66 (0.40-6.93) 0.484
Lo C - QM;W Vi o i

Family history
Major (n = 8)
Minor (n = 1)

0.87 (0.12-6.33) 0.887
1.59 (0.63-4.00)  0.330

0.05 (0.00-11266) 0.734
1.53 (0.35-6.66) 0.572

3.35 (0.44-25.40) 0.242 0.05 (0.00-445.0)  0.514
2.17 (0.74-6.31) 0.157 1.02 (0.32-3.30) 0.972

RV = right ventricular; other abbreviations as in Tables 1 and 2.

reported that clinical signs of RV and LV dysfunction
were associated with cardiovascular death. Other
studies reported that RV dysfunction is associated
with VT or VF and SCD (13-15). Because RV
dysfunction is related to the presence of late po-
tentials (13), it may show the presence of the
arrhythmogenic substrate of the right ventricle.
However, RV dysfunction as a category of the 2010
TFC for the diagnosis of ARVC/D did not include RV
dilation or hemodynamic state. Meanwhile, the mi-
nor criterion of RV dysfunction was a negative factor
for the occurrence of sustained VT or VF. Minor
structural abnormalities, such as mild segmental
dilation of the right ventricle or regional RV hypo-
kinesis, might contribute less to the development or
recurrence of sustained VT, and the small number of
patients who met this criterion (n = 17) might have
influenced this result.

Electrocardiographic repolarization abnormalities
have 2 meanings: the extent of the RV scar and the
arrhythmogenic substrate of the right ventricle,
which lead to the occurrence of arrhythmia (13,16-18).
The former may be related to the hemodynamic state
of the right ventricle as well as the presence of the
arrhythmogenesis. T-wave inversion in leads V,, Vs,
and V; and beyond in patients >14 years of age as a
major criterion is reasonable for the diagnosis of
ARVC/D, especially in the early stage (19). Previous
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reports showed that the extent of T-wave inversion is
related to RV enlargement and the progressed stage
(1,20,21). However, it is not clear whether major or
minor criteria for repolarization abnormalities as a
diagnostic tool on the basis of the extent of T-wave
inversion and the presence or absence of complete
right bundle-branch block indicate the degree of
arrthythmogenesis.

Late potentials on SAECG (minor criteria of depo-
larization abnormalities) have diagnostic value for
ARVC/D, but there is no evidence of their predictive
value for arrhythmic events (8,22-24). The epsilon
wave is a potential electrocardiographic feature of
ARVC/D that indicates delayed RV activation, but it is
not common (3,17,20,25-28). It appears in patients
with diffuse RV involvement, but not in the early
phase (27,28). In our study, the presence of an epsilon
wave, but not a late potential on SAECG, was signifi-
cantly associated with the occurrence of VT or VF and
HF hospitalization. However, its prognostic value
remains unclear (12,28).

DRUG THERAPY AND LONG-TERM OUTCOMES. Beta-
blocker therapy to prevent the occurrence of sus-
tained VT or VF and delay disease progression in
patients with ARVC/D is comtroversial. Our retro-
spective analysis failed to show the clear benefit of
beta-blockers in the prevention of sustained VT or
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VF or cardiovascular death. The role of antiar-
rthythmic drugs, such as sotalol or amiodarone, is
considered to prevent the recurrence of VT in low- or
intermediate-risk patients and reduce VT-required
ICD therapy in high-risk patients (11,29). One-half
of our patients received amiodarone therapy, and the
others received class I antiarrhythmic drugs or sota-
lol. We could not prove the benefit of amiodarone to
prevent the first recurrence of sustained VT
in patients with sustained VT. However, these re-
sults could not counteract the effect of these drugs
in the prevention of worsening of arrhythmia or
disease progression, because this study was retro-
spective and small in size, and the backgrounds of

these compared patients were not identical. Further
evaluation will be required to confirm this issue.
STUDY LIMITATIONS. First, it was a retrospective,
observational study at a single center. Some patients
were lost to follow-up. Data concerning clinical con-
dition at the time of MACEs were not available. In
addition, there was a treatment bias.

Second, we could not assess the patients with
ARVC/D whose first presentation of the disease was
with SCD. In the early stage of ARVC/D, the diagnosis
may be challenging (2).

Third, we used the parameters at the diagnosis of
ARVC/D as the ARVC/D risk scoring. In this study, the
time-dependent changes in markers, such as ECG and
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the structures of the right and left ventricles, were
not evaluated.

Fourth, the outcome assessment of each criterion
in the 6 categories was limited by the small number of
patients in our study.

Fifth, this study included patients from a single
referral hospital who were enrolled over a long sam-
pling period. The treatments that were administered
were not controlled for during this long sampling
period and may thus have influenced the outcome
and prognoses of these patients. Moreover, the
treatment strategies used for each patient were
changed during the follow-up period. The potential
confounding factors associated with time and era
could not be completely excluded.

CONCLUSIONS

Our long-term observational study suggested that risk
scoring on the basis of the 2010 TFC for diagnosis is
useful to predict MACEs in patients with ARVC/D.
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Screening of sarcomere gene mutations in young
athletes with abnormal findings in electrocardiography:
identification of a MYH7 mutation and MYBPC3

mutations

Chika Kadota?, Takuro Arimura’?#, Takeharu Hayashi!, Tacko K Naruse!, Sachio Kawai?
Yy

and Akinori Kimura!

There is an overlap between the physiological cardiac remodeling associated with training in athletes, the so-called athlete’s
heart, and mild forms of hypertrophic cardiomyopathy (HCM), the most common hereditary cardiac disease. HCM is often
accompanied by unfavorable outcomes including a sudden cardiac death in the adolescents. Because one of the initial signs of
HCM is abnormality in electrocardiogram (ECG), athletes may need to monitor for ECG findings to prevent any unfavorable
outcomes. HCM is caused by mutations in genes for sarcomere proteins, but there is no report on the systematic screening of
gene mutations in athletes. One hundred and two genetically unrelated young Japanese athletes with abnormal ECG findings
were the subjects for the analysis of four sarcomere genes, MYH7, MYBPC3, TNNT2 and TNNI3. We found that 5 out of 102
(4.9%) athletes carried mutations: a heterozygous MYH7 Glu935Lys mutation, a heterozygous MYBPC3 Arg160Trp mutation and
another heterozygous MYBPC3 Thr1046Met mutation, all of which had been reported as HCM-associated mutations, in 1, 2 and
2 subjects, respectively. This is the first study of systematic screening of sarcomere gene mutations in a cohort of athletes with
abnormal ECG, demonstrating the presence of sarcomere gene mutations in the athlete’s heart.

Journal of Human Genetics advance online publication, 16 July 2015; doi:10.1038/jhg.2015.81

INTRODUCTION

Cardiac hypertrophy is an adaptive response of the heart, in which
myocardial mass is increased beyond the normal range. Various causes
could lead to cardiac hypertrophy, but in general it occurs in response
to hemodynamic (volume or pressure) overload.! Although the most
common etiologies of pathological cardiac hypertrophy are high blood
pressure (hypertension) and valvular heart diseases, intensive endur-
ance or strength training may result in physiological cardiac hyper-
trophy, called as ‘athlete’s heart’. Intensive prolonged exercise
increases the aerobic capacity and oxygen consumption of skeletal
muscles, followed by increases of diastolic ventricular filling and stroke
volume, leading to a rise in maximum cardiac output and peak oxygen
consumption.? Induced volume overload increases not only end-
diastolic and end-systolic ventricular volumes but also the correspond-
ing diameters. Consequently, compensatory myocardial hypertrophy
develops without external stimuli> The physiological left ventricular

(LV) remodeling occasionally mimics certain pathological conditions
associated with sudden cardiac death (SCD), such as hypertrophic
cardiomyopathy (HCM).%* Indeed, it is often difficult to distinguish
the ‘athlete’s heart’ from HCM, because there are overlaps in
phenotypes between ‘athlete’s heart’ and mild form of HCM.2* It
was reported that HCM had consistently been the most common
cause of SCD in young athletes.? Therefore, early differential diagnosis
of HCM from the physiological cardiac hypertrophy is important to
prevent the unfavorable outcome in the athletes.

Participation in intense competitive sports can represent a potential
risk factor of SCD in athletes with HCM, even when conventional
markers are absent.> It was strongly suggested that the diagnostic
ambiguity should be solved to reduce the risk for SCD, by using the
paradigm of noninvasive parameters including findings in electro-
cardiogram (ECG), echocardiogram and genetic analysis of HCM-
causing sarcomere gene mutations.*%7 It has been reported that ECG
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is useful to detect early signs of HCM, but there is no report on the
systematic screening of sarcomere gene mutations in a panel of trained
athletes.® In this study, we analyzed four major HCM-causing
sarcomere genes, MYH7, MYBPC3, TNNT2 and TNNI3,? in 102
unrelated young Japanese athletes to clarify the genetic predisposing
factors.

MATERIALS AND METHODS

Subjects

A total of 102 genetically unrelated Japanese trained athletes between the ages of
18 and 28 were the subjects in this study. None of the athletes in this study had
apparent family history of HCM or SCD in first-degree relatives, but they had
shown abnormal ECG changes or mild cardiomegaly found in a chest X-ray
examination. ECG abnormalities include LV hypertrophy, ST-T changes and/or
conduction block determined by the criteria as reported previously,® in which
signs of LV hypertrophy in ECG were observed in 62 subjects.
Echocardiographic-based LV hypertrophy was noted in only 7 out of the 102
athletes. In addition, genotyping data from our HCM cohort composing of 162
familial cases and 100 sporadic cases'® were retrieved for specific mutations and
previously obtained samples from patients with specific mutations and their
family relatives were analyzed.

Written informed consent was obtained from each subject and the research
protocol conformed to the ethical guidelines of the Declaration of Helsinki as
reflected in a priori approval by the Ethics Comumittees of Juntendo University
School of Health and Sports Science and Medical Research Institute of Tokyo
Medical and Dental University.

Genetic analyses

DNA samples eéxtracted from peripheral blood of subjects were used as
templates to amplify each coding exon of MYBPC3 (NM_000256), TNNT2
(NM_001001430) and TNNI3 (NM_000363), and exons 3-25 of MYH7
(MN_000257) by PCR and the PCR products were analyzed for sequence
variations by direct DNA sequencing on both strands by using Big Dye
Terminator (version 3.1) Cycle Sequencing kit and ABI3130xl DNA Analyzer
(Applied Biosystems, Foster City, CA, USA), as described previously.®

Haplotype analyses of sarcomere gene mutations

Microsatellite analyses were done for MYQI with primers of 5'~NED-CAGG
TCTAAACATGGGCG-3' and 5'-ACATACCCITTCTCACATTICAG-3' and
MYOII with primers of 5VIC-GTGAGTAGATTGAGAGTTGTGGG-3' and
5'-TCCTCTAACCCTACCCCCC-3' in MYHY locus!! and MYBPC3-CA with
primers of 5'-FAM-GGTCAGGTCACCTAGCATAGCAT-3' and 5'-GGCAGAT
TCCTGATTTATTTIGGC-3' and D1154109 with primers of 5'-PET-AGTTAGG

AGACCTGGCATTTCTC-3' and 5'-GAAGATCCCTCACAGACTCTCTCT-3'
in MYBPC3 locus.}? PCR fragments amplified with the primers were electro-
phoresed in the ABI3130xl DNA sequencer (Applied Biosystems) and the
microsatellite alleles were defined as length of PCR fragments. The micro-
satellite polymorphisms were confirmed by sequencing PCR fragments ampli-
fied with nonlabeled primers.

In silico prediction of functional impacts

Pathogenicity of the identified mutation was predicted by using online
programs, PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/), Mutation
Taster (http://www.mutationtaster.org/) and PROVEN (http://provean.jcvi.
org/index.php). We searched for data concerning pathogenicity of mutations
in the ClinVar database (http://www.ncbi.nlm.nih.gov/clinvar/).

RESULTS

Identification of sarcomere gene mutations in trained athletes

To explore the possible presence of HCM-causing mutations in
Japanese athletes, 102 trained athletes were tested for mutations in four
sarcomere genes—MYH7, MYBPC3, TNNT2 and TNNI3—because
these four genes are the major HCM-causing genes in Japan.>!® In
addition to 10 synonymous polymorphisms (rs2069540, rs2069542,
15735712, 152231126 and rs7157716 in MYH7, rs11570058, rs379953
and 151052373 in MYBPC3, rs3729547 in TNNT2 and rs3729841 in
TNNI3), four missense variations were identified (Table 1). Among the
missense variations, Lys253Arg (c.758A> G, rs3730238) in TNNT2 was
found in seven subjects and it was a common polymorphism registered
in the dbSNP database (http://www.ncbi.nlm.nih.gov/projects/SNP/),
the 1000 genomes database (http://www.ncbinlm.nih.gov/variation/
tools/1000genomes/) and the human genetic variation database
(http://www.genome.med.kyoto-u.ac.jp/SnpDB/). The other three mis-
sense variants, Glu935Lys (c.2803G> A, rs121913639) in MYH7 found
in one case (Jun-49), and Argl60Trp (c.478C>T, rs193068692) and
Thr1046Met (c.3137C>T, rs371061770) in MYBPC3 found in two
(Jun-3 and Jun-16) and two (Jun-75 and Jun-78) subjects, respectively,
were previously reported as HCM-associated mutations.!>!# The
MYBPC3 Thr1046Met mutation was found at rare frequencies in
healthy subjects in the 1000 genomes database and human genetic
variation database, although the MYH7 Glu935Lys and MYBPC3
Arg160Trp mutations were not found in Japanese populations registered
in the 1000 genomes database and human genetic varjation database
(Table 1).

Table 1 Sarcomere gene mutations found in Japanese young athletes with abnormal ECG findings

1000
Exon  Nucleotide — Amino-acid Mutation ClinVar database genormes HGV
Gene number change change PolyPhen-2 taster PROVEN dbSNP ID description database® database®
MYH7 23  ¢.2803G>A Glu935Lys Possibly damaging  Disease Deleterious rs121913639 Pathogenic OMIM:  Not found Not
(score: 0.766) causing (score: ~2.691) 160760.0019 found
MYBPC3 4 ¢.478C>T Arglé0Trp Probably damaging Disease Deleterious rs193068692 Conflicting GMAF: 0.0006 Not
(score: 0.999) causing (score: ~4.970) interpretation of JPT: 0.0000 found
pathogenicity
MYBPC3 27  ¢.3137C>T ThrlO46Met Benign Polymorphism Neutral rs371061770 Conflicting GMAF: 0.0004 0.0110
(score: 0.007) (score: ~1.416) interpretation of JPT: 0.0048
pathogenicity
TNNT2 14 c.758A>G Lys253Arg  Benign Polymorphism Neutral rs3730238 Benign GMAF: 0.0974 0.0622
(score: 0.146) (score: —1.523) JPT: 0.0721

Abbreviations: ECG, electrocardiogram; GMAF, global minor allele frequency; HGV, Human genome variation; JPT, minor allele frequency in Japanese panels.

2Frequency of minor allele (variant) in 1000 genomes.
bErequency of variant in Japanese subjects retrieved from human genetic variation database.
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