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Summary
Background:  We  undertook  a  cross-sectional  study  to  test  the  hypothesis  that  patients  with
hypertrophic  cardiomyopathy  (HCM)  who  have  impaired  left  ventricular  (LV)  diastolic  func-
tion are  insulin  resistant.  We  also  evaluated  the  relation  between  the  development  of  atrial
fibrillation  (AF)  and  insulin  resistance  (IR)  in  patients  with  HCM.
Methods  and  results:  Eighty-eight  patients  with  HCM  (71  men,  17  women)  were  enrolled  in
the study.  IR  was  estimated  using  the  homeostasis  model  assessment  (HOMA)  index.  Echocar-
diographically  determined  left  atrial  (LA)  dimension  was  measured  as  a  marker  of  LA  size.  The
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ratio of  trasmitral  early  LV  filling  velocity  to  early  diastolic  mitral  annulus  velocity  (E/e′)  was  also
measured as  a  marker  of  LV  diastolic  function.  Twenty-seven  patients  (31%)  had  IR.  Multivariate
logistic  regression  analyses  showed  that  independent  determinants  of  AF  were  increased  LA  size
[odds ratio  (OR)  3.5,  95%  confidence  interval  (CI)  1.2—9.8]  and  impaired  LV  diastolic  function  [OR
4.6, 95%  CI  1.6—12.8].  The  strongest  determinant  of  LA  size  was  the  HOMA  index  (p  =  0.0005).

Similarly, the  HOMA  index  (p  =  0.0019)  was  an  independent  determinant  of  LV  diastolic  function.
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Conclusion:  IR  is  highly  prevalent  among  non-diabetic  patients  with  HCM.  A  possible  mechanism
by which  IR  affects  the  development  of  AF  is  mediated  through  its  association  with  increased
LA size  or  impaired  LV  diastolic  function.  IR  may  be  an  important  underlying  mechanism  for  the
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reactive  insulin  (FIRI)  and  fasting  plasma  glucose  (FPG)
and  the  previously  validated  homeostasis  model  assess-
ment  (HOMA)  [21], thus:  HOMA  index  =  FIRI  (pmol/L)  ×  FPG
genesis of  AF  in  HCM.
©  2011  Japanese  College  of  C

Introduction

Atrial  fibrillation  (AF)  is  a  particularly  important  arrhythmia
in  hypertrophic  cardiomyopathy  (HCM)  [1—3]. AF  devel-
ops  in  a  substantial  proportion  of  adult  patients  with  HCM
[1—4]  and  is  associated  with  increased  systemic  throm-
boembolism,  heart  failure,  and  death  [5,6]. In  addition,  AF
contributes  to  a  poor  prognosis  because  of  deterioration  in
cardiac  function  [7].  However,  it  is  unclear  how  AF  develops
in  patients  with  HCM.  A  number  of  mechanisms  have  been
proposed,  including  neurohormonal  alterations,  oxidative
stress,  fibrosis,  and  maladaptive  hemodynamic  and  baro-
dynamic  changes  with  resulting  abnormalities  in  electrical
conduction  [8].

Insulin  resistance  has  been  associated  with  chronic  heart
failure  independently  of  its  etiology  [9,10]. HCM  is  function-
ally  characterized  by  impaired  left  ventricular  (LV)  diastolic
function  [11,12]  and  we  have  reported  that  patients  with
HCM  without  apparent  diabetes  mellitus  or  hypertension
have  insulin  resistance  [13]. The  metabolic  syndrome  con-
sists  of  a  cluster  of  atherosclerotic  risk  factors,  including
insulin  resistance,  obesity,  hypertension,  and  dyslipidemia.
Many  atherosclerotic  risk  factors  are  implicated  in  the
pathogenesis  of  AF  [14,15].  One  recent  study  in  Japan  has
shown  the  relation  between  metabolic  syndrome  and  the
development  of  AF  [16]. Although  insulin  resistance  plays
an  important  role  in  the  pathogenesis  of  metabolic  syn-
drome,  the  precise  relation  between  insulin  resistance  and
the  development  of  AF  has  not  been  assessed  in  patients
with  HCM.

We  therefore  undertook  a  cross-sectional  study  to  test
the  hypothesis  that  patients  with  HCM  who  have  impaired
diastolic  function  are  insulin  resistant.  We  have  also  evalu-
ated  the  relation  between  the  development  of  AF  and  insulin
resistance  in  patients  with  HCM.

Methods

Study  patients

Eighty-eight  patients  with  HCM  (71  men,  17  women;  mean
age:  65  ±  11  years)  participated  in  this  study.  They  had
normal  findings  on  chemical  screening  battery  and  were  non-
diabetic  by  the  criteria  of  the  American  Diabetes  Association
[17].  Coronary  angiographic  studies  were  performed  in  all
study  patients  and  none  of  them  had  coronary  artery  dis-
ease.  The  study  was  carried  out  in  accordance  with  the
Declaration  of  Helsinki  (1989)  of  the  World  Medical  Asso-
ciation.  All  patients  gave  their  informed  consent  prior  to
participation  in  the  study.
Definitions  of  HCM  and  AF

HCM  was  defined  as  the  presence  of  a  hypertrophied,
non-dilated  ventricle  in  the  absence  of  underlying  car-
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iac  or  systemic  secondary  causes  and  was  based  on  World
ealth  Organization/International  Society  and  Federation
f  Cardiology  definition  of  cardiomyopathies  [18]. Patients
ith  HCM  were  subdivided  into  2  groups:  hypertrophic
bstructive  cardiomyopathy  (HOCM)  and  hypertrophic  non-
bstructive  cardiomyopathy  (HNCM).  HOCM  was  diagnosed
hen  a  patient  had  a  LV  pressure  gradient  greater  than
0  mmHg  without  provocation  in  the  LV  outflow  tract  and/or
id-ventricle  [19].
Documentation  of  AF  was  based  on  electrocardiography

ecordings  obtained  either  after  acute  onset  of  symptoms  or
ortuitously  during  routine  medical  examination  in  asymp-
omatic  patients.  AF  was  defined  as  paroxysmal  when  it  was
ither  self-terminating  or  successfully  cardioverted  to  sinus
hythm;  AF  was  considered  chronic  when  it  became  estab-
ished.

hysical  examinations

hysical  examinations  in  study  patients  were  supervised  by
he  nursing  staff.  Weight  and  height  were  measured  while
he  subjects  were  fasting  overnight  and  wearing  only  under-
ear.  Body  mass  index  (BMI)  was  calculated  as  weight  (kg)
ivided  by  height  (m)2.  Blood  pressure  (BP)  was  measured  in
riplicate  by  a  single  physician  with  an  appropriate  arm  cuff
nd  a  mercury  sphygmomanometer  after  5  minutes’  rest  in
he  sitting  position.  The  arithmetic  mean  of  the  last  two
easurements  was  calculated.  Korotkoff  phase  V  was  taken

or  diastolic  blood  pressure.

ssessments  of  biochemical  parameters  and
atriuretic peptides

enous  blood  was  taken  in  the  morning  after  overnight  fast-
ng  in  the  outpatient  clinic.  Plasma  glucose  was  immediately
etermined  by  the  glucose  oxidase  method.  Plasma  insulin
as  determined  in  duplicate  by  high  specific  and  sensi-

ive  immunoradiometric  assay  (Abbott  Japan,  Tokyo,  Japan;
ntra-assay  coefficient  of  variation  [CV]  1.6%,  interassay
V  2.2%).  Serum  concentrations  of  low-density  lipoprotein
holesterol  (LDL-C),  high-density  lipoprotein  cholesterol
HDL-C),  and  triglycerides  (TG)  were  assessed  by  standard
nzymatic  methods.  Plasma  levels  of  atrial  and  brain  natri-
retic  peptides  (ANP  and  BNP)  were  also  measured  in  all
atients,  as  previously  reported  [20].

Insulin  resistance  was  assessed  from  fasting  immuno-
mmol/L)/161.  On  the  basis  of  FPG  upper  limit  of  normal
f  6.1  mmol/L  and  our  laboratory’s  upper  limit  of  nor-
al  for  FIRI  of  71.0  pmol/L,  a  HOMA  index  of  2.69  was
etermined  as  the  upper  limit  of  normal.  An  individual
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ith  the  HOMA  index  ≥2.7  was  considered  to  have  insulin
esistance  [10].

chocardiographic  measurements

wo-dimensionally  guided  M-mode  echocardiography  was
erformed  by  standard  methods,  as  previously  outlined
5,13,22],  using  a  Vivid  7  Dimension  ultrasound  machine
GE  Healthcare,  Milwaukee,  WI,  USA)  with  an  M4S  probe.
chocardiographic  examinations  were  performed  and  inter-
reted  by  the  same  cardiologist,  who  was  unaware  of  the
atient’s  data.  Left  atrial  (LA)  dimension  was  measured  at
nd-systole,  according  to  the  American  Society  of  Echocar-
iography  guidelines  [23]. Interventricular  septal  thickness
nd  LV  posterior  wall  thickness  were  also  measured  in  end-
iastole  at  the  level  of  the  mitral  valve.  LV  end  diastolic  and
nd  systolic  volumes  (EDV  and  ESV),  and  ejection  fraction
EF)  were  estimated  by  Simpson’s  rule  from  two-dimensional
pical  chamber  view.

LV  pressure  gradient  was  measured  from  continuous-wave
oppler  imaging  of  the  LV  outflow  tract  and/or  mid-ventricle
19,24].  Early  diastolic  mitral  annular  velocity  at  the  septal
nd  lateral  side  (e′)  was  obtained  by  tissue  Doppler  imaging,
hich  reflects  the  time  constant  of  isovolumic  LV  relaxation

tau)  [25]. The  combined  assessment  of  peak  early  diastolic
ransmitral  flow  velocity  (E)  and  e′,  E/e′, was  used  as  a
urrogate  of  LV  filling  pressure  [26].

ubgroup  analyses

n  the  basis  of  cardiac  rhythm,  patients  with  HCM  were  dis-
ributed  into  the  following  three  subgroups:  HCM  with  sinus
hythm  group  (n  =  54),  HCM  with  chronic  AF  group  (n  =  22),
nd  HCM  with  paroxysmal  AF  group  (n  =  12).  To  investigate
he  determinants  of  AF,  patients  with  HCM  were  distributed
nto  two  subgroups:  HCM  with  sinus  rhythm  (n  =  54)  and  HCM
ith  chronic  AF  or  paroxysmal  AF  (n  =  34),  and  subgroup
nalyses  were  performed.

tatistical  analysis

ll  values  are  expressed  as  mean  ±  SD.  One-way  analysis  of
ariance  (ANOVA)  was  used  to  evaluate  difference  among
roups,  with  Scheffe’s  correction  for  multiple  comparisons.
ategorical  variables  were  compared  with  Fisher’s  exact  and
hi-square  tests.  Univariate  and  multivariate  logistic  regres-
ion  analyses  were  used  to  examine  the  effects  of  age,  sex,
MI,  insulin  resistance,  and  echocardiographic  variables  on
he  risk  of  AF.  These  results  were  expressed  as  odds  ratios
ORs)  and  95%  confidence  intervals  (CIs).

Correlation  coefficients  were  calculated  according  to
earson’s  method.  Multiple  regression  analysis  was  also

erformed  to  select  appropriate  independent  variables  pro-
ucing  the  highest  partial  correlation  with  LA  size  or  LV
iastolic  function.  Probability  values  <0.05  were  considered
tatistically  significant  in  all  analyses.
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esults

he  clinical  characteristics  of  patients  with  HCM  are  pre-
ented  in  Table  1.  There  were  no  significant  differences  in
ge,  pulse  pressure,  BP,  and  BMI  among  the  three  groups.
imilarly,  there  was  no  significant  difference  in  the  preva-
ence  of  HOCM  among  the  three  groups.  Plasma  ANP  levels  in
CM  patients  with  chronic  AF  were  significantly  higher  than
hose  in  the  other  two  groups.  Plasma  BNP  levels  in  HCM
atients  with  chronic  AF  were  the  highest,  followed  by  HCM
atients  with  paroxysmal  AF,  and  HCM  patients  with  sinus
hythm.

All  of  the  22  HCM  patients  with  chronic  AF  received
ong-term  anticoagulation  with  warfarin.  Of  the  12  HCM
atients  with  paroxysmal  AF,  7  patients  (58%)  received  long-
erm  anticoagulation  with  warfarin.  Five  HCM  patients  with
aroxysmal  AF,  who  did  not  receive  warfarin,  had  pharma-
ological  maintenance  of  sinus  rhythm.

The  biochemical  and  echocardiographic  characteristics
f  the  three  groups  are  presented  in  Table  2.  The  HOMA  index
n  HCM  patients  with  chronic  AF  was  significantly  higher  than
hat  in  HCM  patients  with  sinus  rhythm.  In  addition,  the
revalence  of  insulin  resistance  in  HCM  patients  with  chronic
F  or  with  paroxysmal  AF  was  significantly  higher  than  that

n  HCM  patients  with  sinus  rhythm.  There  were  no  signifi-
ant  differences  in  LDL-C,  HDL-C,  and  TG  among  the  three
roups.

LA  dimension  and  the  E/e′ ratio  in  HCM  patients  with
hronic  AF  were  significantly  higher  than  those  in  HCM
atients  with  sinus  rhythm.  There  were  no  significant  dif-
erences  in  LV  pressure  gradient  and  maximum  LV  thickness
mong  the  three  groups.  Similarly,  there  were  no  signif-
cant  differences  in  EDV,  ESV,  and  EF  among  the  three
roups  of  patients  with  HCM.  Moreover,  moderate  to  severe
itral  regurgitation  was  presented  in  only  a  minority  of  HCM
atients.  There  was  no  significant  difference  in  the  preva-
ence  of  moderate  to  severe  mitral  regurgitation  among  the
hree  groups.

In  univariate  logistic  regression  analyses,  insulin  resis-
ance,  increased  LA  size,  and  impaired  LV  diastolic  function
ere  significant  determinants  of  AF  (Table  3).  In  multivariate

ogistic  regression  analysis,  increased  LA  size  and  impaired
V  diastolic  function  were  significant  determinants  of  AF,
ndependent  of  insulin  resistance.  As  shown  in  Table  4,  the
OMA  index,  the  E/e′ ratio,  EDV,  ESV,  and  EF  were  signifi-
antly  correlated  with  LA  dimension.  In  multiple  regression
nalysis,  the  strongest  determinant  of  LA  dimension  was
he  HOMA  index  (p  =  0.0005),  independent  of  the  E/e′ ratio,
DV,  ESV,  and  EF.  Similarly,  the  HOMA  index,  natriuretic  pep-
ides,  and  LA  dimension  were  significantly  correlated  with
he  E/e′ ratio,  as  shown  in  Table  5.  In  multiple  regres-
ion  analysis,  the  HOMA  index  (p  =  0.0019)  and  plasma  BNP
evel  (p  =  0.0001)  were  independent  determinants  of  the
/e′ ratio.

iscussion
t  is  widely  acknowledged  that  insulin  resistance  is  a  pre-
ier  risk  factor  for  cardiovascular  disease  [27]  and  this

ssociation  is  partly  mediated  by  its  effect  on  cardiac  struc-
ure  [28]. Consequently,  we  have  examined  the  relations  of
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Table  1  Clinical  characteristics,  natriuretic  peptides,  and  medical  treatments  in  patients  with  HCM.

HCM  with  sinus
rhythm  (n  =  54)

HCM  with  chronic
AF  (n  =  22)

HCM  with  paroxysmal
AF  (n  =  12)

Age,  years  64  ±  12  68  ±  9  63  ±  12
Pulse rate,  beats/min  70  ±  15  68  ±  10  72  ±  12
BP, mmHg

Systole 129  ±  17  135  ±  18  136  ±  16
Diastole 72  ±  12 77  ±  12 80  ±  14

BMI, kg/m2 24.1  ±  2.7  23.6  ±  3.0  25.7  ±  2.5
HOCM, n  (%) 13  (24) 5  (22) 4  (33)
Plasma ANP  level,  pg/mL  38  ±  32  109  ±  102† 58  ±  54
Plasma BNP  level,  pg/mL  146  ±  169  500  ±  447† 180  ±  151*

Medical  treatments,  n  (%)
Warfarin 1  (2)  22  (100)  7  (58)
Calcium antagonists  32  (59)  15  (68)  10  (83)
�-Blockers  33  (61)  12  (55)  7  (58)
Class Ia  antiarrhythmic  drugs  15  (28)  6  (27)  4  (33)

Vales are mean ± SD. HCM, hypertrophic cardiomyopathy; HOCM, hypertrophic obstructive cardiomyopathy; AF, atrial fibrillation; BP,
blood pressure; BMI, body mass index; ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide.

* p < 0.01 vs. HCM with chronic AF.

t
i

† p < 0.0001 vs. HCM with sinus rhythm.

insulin  resistance  (assessed  by  the  HOMA  index)  to  LV  pres-
sure  gradients  and  sudden  death  in  patients  with  HCM  [13].
The  present  study  added  to  our  previous  study  [13]  by  iden-

tifying  the  significant  and  independent  relations  of  insulin
resistance  to  echocardiograhically  determined  LA  size  and  LV
diastolic  function.  Furthermore,  impaired  LV  diastolic  func-
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Table  2  Biochemical  and  echocardiographic  characteristics  in  pa

HCM  with  sinus
rhythm  (n  =  54)

Biochemical  parameters
FPG,  mmol/L  5.6  ±  0.9  

FIRI, pmol/L  60.3  ±  27.3  

HOMA index  2.1  ±  0.9  

Insulin resistance,  n  (%)  11  (20)  

LDL-C,  mmol/L  2.87  ±  0.72  

HDL-C, mmol/L  1.51  ±  0.47  

Triglycerides,  mmol/L  1.43  ±  0.58  

Echocardiographic  parameters
LA  dimension,  mm  42.0  ±  6.4  

E/e′ ratio  14.9  ±  4.9  

LVPG, mmHg  20.7  ±  31.4  

Maximum LVT,  mm  16.6  ±  4.1  

EDV, mL  68.6  ±  21.0  

ESV, mL 23.1  ±  11.9  

EF, %  67.3  ±  10.5  

Moderate to  severe  MR,  n  (%) 6  (11)  

Vales are mean ± SD. HCM, hypertrophic cardiomyopathy; AF, atrial fibril
insulin; HOMA, homeostasis model assessment; LDL-C, low-density lipo
LA, left atrial; LVPG, left ventricular pressure gradient; LVT, left ven
volume; EF, ejection fraction; MR, mitral regurgitation.

* p < 0.05 vs. HCM with sinus rhythm.
† p < 0.01 vs. HCM with sinus rhythm.
ion  and  increased  LA  size  are  important  determinants  of  AF
n  patients  with  HCM.

Not  only  insulin,  but  also  insulin-like  growth  factor-1

IGF-1),  is  important  in  hypertrophic  response  of  cardiac
yocytes,  by  binding  to  the  IGF-1  receptors  because  of  the

tructural  similarity  between  insulin  and  IGF-1  [28,29]. Mar-

tients  with  HCM.

HCM  with  chronic
AF  (n  =  22)

HCM  with  paroxysmal
AF  (n  =  12)

5.7  ±  0.8  5.3  ±  1.1
84.7  ±  48.8  84.7  ±  61.0
3.1  ±  1.9† 2.7  ±  1.5
10  (45)* 6  (50)*

3.05  ±  0.55  3.08  ±  0.50
1.23  ±  0.22  1.32  ±  0.33
1.34  ±  0.51  1.66  ±  0.76

51.2  ±  10.9† 46.1  ±  8.4
23.6  ±  11.7† 19.7  ±  6.4
18.7  ±  26.5  43.6  ±  61.4
15.7  ±  2.9  16.1  ±  3.5
76.6  ±  25.7  77.6  ±  26.7
29.6  ±  14.3  27.8  ±  17.4
61.8  ±  11.1  66.2  ±  12.4
5  (23)  2  (17)

lation; FPG, fasting plasma glucose; FIRI, fasting immuno-reactive
protein-cholesterol; HDL-C, high-density lipoprotein-cholesterol;
tricular thickness; EDV, end diastolic volume; ESV, end systolic



22  Y.  Shigematsu  et  al.

Table  3  Determinants  of  AF  in  patients  with  HCM.

Variables Univariate  analysis  Multivariate  analysis

OR  (95%  CI)  p-Value  OR  (95%  CI)  p-Value

Age  ≥  60  years  old 1.0  (0.4—2.6)  0.92  NI
Male sex 0.4  (0.1—1.2) 0.39  NI
Obesity (BMI  ≥  25  kg/m2)  1.9  (0.8—4.6) 0.17  NI
Insulin resistance  (HOMA  index  ≥  2.7) 3.5  (1.4—8.9) 0.0097  2.3  (0.8—7.0)  0.12
Increased LA  size  (LA  dimension  ≥  45  mm)  5.7  (2.2—14.6)  0.0003  3.5  (1.2—9.8)  0.018
Impaired LV  diastolic  function  (E/e′ ratio  ≥  18.0)  6.9  (2.6—17.8)  <0.0001  4.6  (1.6—12.8)  0.0037
Maximum LV  thickness  ≥  20  mm  1.0  (0.3—3.3)  0.99  NI
LV outflow  obstruction  (gradient  ≥  30  mmHg)  0.8  (0.3—2.3)  0.70  NI
Moderate to  severe  MR  2.1  (0.6—6.8)  0.23  NI

ation
sessm

i
i
r
t
i
p
O
t
w
t
t
s
f
n
a
e
i
n
l

p
a
[

w
p
o
I
L
s
i
i
a
A
t
s

NI indicates not included in multivariate analysis. AF, atrial fibrill
diomyopathy; BMI, body mass index; HOMA, homeostasis model as

an  [30]  reported  the  possibility  that  IGF-1  was  up-regulated
n  patients  with  HCM  due  to  decreased  cardiac  contractility,
esulting  in  the  pathologic  manifestations  of  HCM.  Despite
he  structural  similarity  to  IGF-1,  the  relationship  between
nsulin  and  HCM,  which  is  another  cause  of  LV  hypertro-
hy  and  diastolic  dysfunction,  is  incompletely  understood.
ur  previous  study  [13]  disclosed  that  interventricular  sep-
al  thickness  and  LV  pressure  gradient  without  provocation
ere  significantly  associated  with  the  HOMA  index,  and  that

hese  associations  were  independent  of  age,  sex  distribu-
ion,  and  blood  pressure  in  patients  with  HCM.  In  the  present
tudy,  we  have  chosen  this  simple  HOMA  index  and  have
ound  that  insulin  resistance  is  highly  prevalent  (31%)  among
on-diabetic  patients  with  HCM.  Insulin  resistance  has  been
ssociated  with  chronic  heart  failure  independently  of  its
tiology  [9,10]. Exact  mechanisms  for  the  development  of

nsulin  resistance  in  chronic  heart  failure  are  not  known.  A
umber  of  mechanisms  have  been  proposed,  including  the
oss  of  skeletal  muscle  bulk  and  skeletal  blood  flow,  sym-

t
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Table  4  Correlation  of  LA  size  with  natriuretic  peptides,  demogr

Variables  Univariate  analysis  

r-Value p-Value  

Age 0.028  0.7968  

BMI 0.125  0.2449  

HOMA index 0.431  <0.0001  

Systolic BP 0.055  0.6100  

Diastolic  BP 0.061  0.5709  

Plasma ANP  level 0.161  0.1333  

Plasma BNP  level  0.200  0.0615  

E/e′ ratio  0.316  0.0027  

LV pressure  gradient  0.048  0.6599  

Maximum  LV  thickness  0.001  0.9957  

EDV 0.347  0.0009  

ESV 0.340  0.0012  

EF 0.227  0.0331  

NI indicates not included in multivariate analysis. LA, left atrial; HC
homeostasis model assessment; BP, blood pressure; ANP, atrial natriur
EDV, end diastolic volume; ESV, end systolic volume; EF, ejection fract
; OR, odds ratio; CI, confidence interval; HCM, hypertrophic car-
ent; LA, left atrial; LV, left ventricular; MR, mitral regurgitation.

athetic  overactivity,  pro-inflammatory  cytokines,  altered
diponectin  and  leptin  levels,  and  endothelial  dysfunction
31].

We  found  in  the  present  study  that  greater  HOMA  index
as  strongly  associated  with  echocardiographic  LA  size  in
atients  with  HCM,  concordant  with  the  findings  in  our  previ-
us  study  [22]  which  took  hypertensive  patients  as  objects.
n  addition,  it  has  been  shown  that  increased  LA  size  and
A  dysfunction  are  risks  for  AF  [32,33],  these  observations
upport  that  higher  insulin  resistance  in  patients  with  HCM
s  related  largely  to  the  development  of  AF.  Furthermore,
t  has  been  reported  that  metabolic  syndrome  is  associ-
ted  with  increased  LA  size  in  patients  with  non-valvular
F  [34]. Another  possible  mechanism  by  which  insulin  resis-
ance  may  predispose  to  AF  is  inflammation  and  oxidative
tress.  Although  not  measured  in  our  study,  C-reactive  pro-

ein  and  oxidants  were  elevated  in  patients  with  AF  [35,36].
nsulin  resistance  is  also  associated  with  a  systemic  chronic
nflammatory  response  characterized  by  altered  cytokine

aphic  and  echocardiographic  variables  in  patients  with  HCM.

Multivariate  analysis

ˇ  p-Value

NI
NI
0.358  0.0005
NI
NI
NI
NI
0.150  0.1490
NI
NI
0.190  0.5447
0.190  0.5447
−0.128  0.6938
Multiple  R2 =  0.323,  p  <  0.0001

M, hypertrophic cardiomyopathy; BMI, body mass index; HOMA,
etic peptide; BNP, brain natriuretic peptide; LV, left ventricular;
ion.
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Table  5  Correlation  of  the  E/e′ ratio  with  natriuretic  peptides,  demographic  and  echocardiographic  variables  in  patients  with
HCM.

Variables  Univariate  analysis  Multivariate  analysis

r-Value  p-Value  ˇ  p-Value

Age 0.143  0.1837  NI
BMI 0.087  0.4184  NI
HOMA index 0.387  0.0002  0.309 0.0019
Systolic BP 0.149  0.1668  NI
Diastolic  BP 0.128  0.2329  NI
Plasma ANP  level  0.325  0.0020  −0.201  0.2036
Plasma BNP  level  0.465  <0.0001  0.631  0.0001
LA dimension  0.316  0.0027  0.102  0.2895
LV pressure  gradient 0.094  0.3817  NI
Maximum  LV  thickness  0.008  0.9423  NI
EDV 0.181  0.0911  NI
ESV 0.024  0.8255  NI
EF 0.069  0.5236  NI

Multiple  R2 =  0.430,  p  <  0.0001

NI indicates not included in multivariate analysis. HCM, hypertrophic cardiomyopathy; BMI, body mass index; HOMA, homeostasis model
assessment; BP, blood pressure; ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; LA, left atrial; LV, left ventricular; EDV,
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end diastolic volume; ESV, end systolic volume; EF, ejection fracti

production  and  activation  of  inflammatory  signaling  pathway
[37].

A  relation  between  systolic  blood  pressure  and  LA  size
has  previously  been  reported  in  the  Framingham  Heart  Study
[38].  Our  previous  study  [22]  has  shown  that  obesity  is  highly
associated  with  increased  LA  size.  Unfortunately,  systolic
blood  pressure,  pulse  pressure,  and  body  mass  index  were
not  identified  as  independent  determinants  of  LA  size  in
patients  with  HCM.  Therefore,  a  mechanistic  link  between
blood  pressure  or  obesity  and  LA  size  is  unclear  in  patients
with  HCM.

HCM  is  functionally  characterized  by  normal  or  supernor-
mal  LV  systolic  function  and  impaired  LV  diastolic  function,
and  the  severity  of  LV  diastolic  dysfunction  is  related  to
exercise  capacity,  clinical  symptoms,  and  even  prognosis
[11,12,39].  Although  transmitral  LV  filling  velocity  values
recorded  by  Doppler  echocardiography  are  widely  used  to
assess  LV  diastolic  function,  conventional  Doppler  indices
and  the  severity  of  LV  hypertrophy,  exercise  capacity,  clin-
ical  symptoms,  or  the  mean  LA  pressure  were  not  related
in  patients  with  HCM  [40]. The  ratio  of  trasmitral  early
LV  filling  velocity  to  early  diastolic  Doppler  tissue  imag-
ing  velocity  of  the  mitral  annulus  (E/e′)  has  recently  been
reported  to  be  a  preload  independent  index  for  evaluating
LV  diastolic  function  [41]  and  predicting  objective  exercise
capacity  [42]  in  patients  with  HCM.  In  the  present  study,  the
E/e′ ratio  was  an  independent  association  with  the  devel-
opment  of  AF.  Mechanical  and  pressure  stress  in  the  left
atrium  may  stretch  the  atrial  wall  around  the  pulmonary
veins,  which  may  trigger  the  onset  of  paroxysmal  AF  [43]. In
addition,  the  association  between  the  HOMA  index  and  the
E/e′ ratio  seen  in  this  study  was  independent  of  the  param-

eters  of  LV  hemodynamics  and  structure,  suggested  that
direct,  hemodynamic-independent  effects  of  insulin  resis-
tance  on  myocardium  might  play  a  significant  role  for  the
development  of  LV  diastolic  impairment  in  HCM.
We also  found  that  higher  plasma  BNP  levels  predicted
he  presence  of  HCM  and  AF,  even  after  accounting  for
ystolic  impairment.  Furthermore,  plasma  BNP  levels  were
ndependently  associated  with  impaired  LV  diastolic  func-
ion  evaluated  by  the  E/e′ ratio  in  HCM.  These  observations
lso  support  that  although  LV  systolic  function  is  normal,
lasma  BNP  levels  are  elevated  in  the  presence  of  impaired
V  diastolic  function  [44,45].

In  conclusion,  insulin  resistance  is  highly  prevalent  among
on-diabetic  patients  with  HCM.  A  possible  mechanism  by
hich  insulin  resistance  affects  the  development  of  AF  is
ediated  through  its  association  with  increased  LA  size  or

V  diastolic  impairment.  Insulin  resistance  may  be  the  under-
ying  mechanism  for  the  higher  prevalence  of  AF  in  HCM.

eferences

[1] Cecchi F, Olivotto I, Montereggi A, Santoro G, Dolara A, Maron
BJ. Hypertrophic cardiomyopathy in Tuscany: clinical course
and outcome in an unselected regional population. J Am Coll
Cardiol 1995;26:1529—36.

[2] Maron BJ. Hypertrophic cardiomyopathy. Lancet
1997;350:127—33.

[3] Spirito P, Seidman CE, McKenna WJ, Maron BJ. The man-
agement of hypertrophic cardiomyopathy. N Engl J Med
1997;336:775—85.

[4] Kubo T, Kitaoka H, Okawa M, Hirota T, Hayato K, Yamasaki
N, Matsumura Y, Yabe T, Doi YL. Gender-specific differences
in the clinical features of hypertrophic cardiomyopathy in
a community-based Japanese population: results from Kochi
RYOMA study. J Cardiol 2010;56:314—9.

[5] Shigematsu Y, Hamada M, Mukai M, Mastuoka H, Sumimoto
T, Hiwada K. Mechanism of atrial fibrillation and increased

incidence of thromboembolism in patients with hypertrophic
cardiomyopathy. Jpn Circ J 1995;59:329—36.

[6] Maron BJ, Olivotto I, Bellone P, Conte MR, Cecchi F, Flygenring
BP, Casey SA, Gohman TE, Bongioanni S, Spirito P. Clinical pro-



2

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

4  

file of stroke in 900 patients with hypertrophic cardiomyopathy.
J Am Coll Cardiol 2002;39:301—7.

[7] Olivotto I, Cecchi F, Casey SA, Dolara A, Traverse JH, Maron
BJ. Impact of atrial fibrillation on the clinical course of hyper-
trophic cardiomyopathy. Circulation 2001;104:2517—24.

[8] Prystowky E, Waldo A. Atrial fibrillation, atrial flutter, and atrial
tachycardia. In: Fuster V, O’Rourke R, Walsh R, Poole-Wilson P,
editors. Hurst’s the heart. 12th ed. New York: McGraw-Hill;
2008. p. 953—82.

[9] Swan JW, Anker SD, Walton C, Godsland IF, Clark AL, Leyva
F, Stevenson JC, Coats AJS. Insulin resistance in chronic heart
failure: relation to severity and etiology of heart failure. J Am
Coll Cardiol 1997;30:527—32.

10] Wisniacki N, Taylor W, Lye M, Wilding JPH. Insulin resistance
and inflammatory activation in older patients with systolic and
diastolic heart failure. Heart 2005;91:32—7.

11] Wigle ED, Sasson Z, Henderson MA, Ruddy TD, Fulop J, Rakowski
H, Williams WG. Hypertrophic cardiomyopathy. The importance
of the site and extent of hypertrophy. A review. Prog Cardiovasc
Dis 1985;28:1—83.

12] Spirito P, Maron BJ. Relation between extent of left ventricular
hypertrophy and diastolic filling abnormalities in hypertrophic
cardiomyopathy. J Am Coll Cardiol 1990;15:808—13.

13] Murakami K, Shigematsu Y, Hamada M, Higaki J. Insulin resis-
tance in patients with hypertrophic cardiomyopathy. Circ J
2004;68:650—5.

14] Wang TJ, Parise H, Levy D, D’Agostino RB, Wolf PA, Vasan RS,
Benjamin EJ. Obesity and the risk of new-onset atrial fibrilla-
tion. JAMA 2004;292:2471—7.

15] Dublin S, French B, Glazer NL, Wiggins KL, Lumley T, Psaty BM,
Smith NL, Heckbert SR. Risk of new-onset atrial fibrillation in
relation to body mass index. Arch Intern Med 2006;166:2322—8.

16] Watanabe H, Tanabe N, Watanabe T, Darber D, Roden DM, Sasaki
S, Aizawa Y. Metabolic syndrome and risk of development of
atrial fibrillation. The Niigata Preventive Medicine Study. Cir-
culation 2008;117:1255—60.

17] Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus. Report of the expert committee on the diag-
nosis and classification of diabetes mellitus. Diabetes Care
1997;20:1183—97.

18] Richardson P, McKenna W, Bristow M, Maisch B, Mautner
B, O’Connell J, Olsen E, Thiene G, Goodwin J, Gyarfas I,
Martin I, Nordet P. Report of the 1995 World Health Organi-
zation/International Society and Federation of Cardiology task
force on the definition and classification of cardiomyopathies.
Circulation 1996;93:841—2.

19] Hamada M, Shigematsu Y, Ikeda S, Hara Y, Okayama H, Kodama
K, Ochi T, Hiwada K. Class Ia antiarrhythmic drug cibenzo-
line. A new approach to the medical treatment of hypertrophic
obstructive cardiomyopathy. Circulation 1997;96:1520—4.

20] Hamada M, Kawakami H, Shigematsu Y, Minamino N, Kan-
gawa K, Matsuo H, Hiwada K. Increased plasma levels of
adrenomedullin in patients with hypertrophic cardiomyopathy:
its relation to endothelin-1, natriuretic peptides and nora-
drenaline. Clin Sci 1998;94:21—8.

21] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance
and beta-cell function from fasting plasma glucose and insulin
concentration in man. Diabetologia 1985;28:412—9.

22] Shigematsu Y, Norimatsu S, Ogimoto A, Ohtsuka T, Okayama H,
Higaki J. The influence of insulin resistance and obesity on left
atrial size in Japanese hypertensive patients. Hypertens Res
2009;32:500—4.

23] Sahn DJ, DeMaria A, Kisslo J, Weyman A. The Committee on

M-Mode Standardization of the American Society of Echocar-
diography: recommendations regarding quantitation in M-mode
echocardiography: results of a survey of echocardiographic
measurements. Circulation 1978;58:1072—83.

[

Y.  Shigematsu  et  al.

24] Sasson Z, Yock PG, Hatle LK, Alderman EL, Popp RL.
Doppler echocardiographic determination of the pressure gra-
dient in hypertrophic cardiomyopathy. J Am Coll Cardiol
1988;11:752—6.

25] Nagueh SF, Sun H, Kopelen HA, Middleton KJ, Khoury DS. Hemo-
dynamic determinants of the mitral annulus diastolic velocities
by tissue Doppler. J Am Coll Cardiol 2001;37:278—85.

26] Nagueh SF, Middleton KJ, Kopelen HA, Zoghbi WA,  Quinones MA.
Doppler tissue imaging: a noninvasive technique for evaluation
of left ventricular relaxation and estimation of filling pressures.
J Am Coll Cardiol 1997;30:1527—33.

27] Ruige JB, Assendelft WJJ, Dekker JM, Kostense PJ, Heine RJ,
Bouter LM. Insulin and risk of cardiovascular disease: a meta-
analysis. Circulation 1998;97:996—1001.

28] Verdecchia P, Reboldi G, Schillaci G, Borgioni C, Ciucci A, Telera
MP, Santeusanio F, Porcellati C, Brunetti P. Circulating insulin
and insulin insulin-like growth factor-1 are independent deter-
minants of left ventricular mass and geometry in essential
hypertension. Circulation 1999;100:1802—7.

29] Ito H, Hiroe M, Hirata Y, Tsujino M, Adachi S, Shichiri M,
Koike A, Nogami A, Marumo F. Insulin-like growth factor-
1 induces cardiac hypertrophy with enhanced expression of
muscle-specific genes in cultured rat cardiomyocytes. Circu-
lation 1993;87:1715—21.

30] Marian AJ. Pathogenesis of diverse clinical and patho-
logical phenotypes in hypertrophic cardiomyopathy. Lancet
2000;355:58—60.

31] Rask-Madsen C, Dominguez N, Ihlemann N, Hermann
T, Kober L, Torp-Pedersen C. Tumor necrosis factor-�
inhibits insulin’s stimulating effect on glucose uptake and
endothelium-dependent vasodilation in humans. Circulation
2003;108:1815—21.

32] Gerdts E, Oikarinen L, Palmieri V, Otterstad JE, Wachtell K,
Boman K, Dahlöf B, Devereux RB. Correlates of left atrial size
in hypertensive patients with left ventricular hypertrophy: the
Losartan Intervention For Endpoint Reduction in Hypertension
(LIFE) Study. Hypertension 2002;39:739—43.

33] Yang H, Woo A, Monakier D, Jamorski M, Fedwick K, Wigle
D, Rakowski H. Enlarged left atrial volume in hypertrophic
cardiomyopathy: a marker for disease severity. J Am Soc
Echocardiogr 2005;18:1074—82.

34] Nicolaou VN, Papadakis JE, Karatzis EN, Dermitzaki SI, Tsakiris
AK, Skoufas PD. Impact of the metabolic syndrome on atrial
size in patients with new-onset atrial fibrillation. Angiology
2007;58:21—5.

35] Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A,
Carnes CA, Bauer JA, Tchou PJ, Niebauer MJ, Natale A, Van
Wagoner DR. C-reactive protein elevation in patients with
atrial arrhythmias: inflammatory mechanisms and persistence
of atrial fibrillation. Circulation 2001;104:2886—91.

36] Mihm MJ, Yu F, Carnes CA, Reiser PJ, McCarthy PM, Van
Wagoner DR, Bauer JA. Impaired myofibrillar energetics and
oxidative injury during human atrial fibrillation. Circulation
2001;104:174—80.

37] Savage D, Petersen KF, Shulman GI. Mechanisms of insulin
resistance in humans and possible links with inflammation.
Hypertension 2005;45:828—33.

38] Vaziri SM, Larson MG, Lauer MS, Benjamin EJ, Levy D. Influence
of blood pressure on left atrial size. The Framingham Heart
Study. Hypertension 1995;25:1155—60.

39] Hamada M, Shigematsu Y, Hara Y, Suzuki M, Ohtsuka T, Hiasa G,
Ogimoto A, Saeki H, Suzuki J, Hiwada K. Antiarrhythmic drug,
cibenzoline, can directly improve the left ventricular diastolic
function in patients with hypertrophic cardiomyopathy. Circ J

2001;65:531—8.

40] Nishimura RA, Appleton CP, Redfield MM, Ilstrup DM, Holmes
DR, Tajik J. Noninvasive Doppler echocardiographic eval-
uation of left ventricular filling pressures in patients



[

[

AF  and  insulin  resistance  in  HCM  

with cardiomyopathies: a simultaneous Doppler echocardio-
graphic and cardiac catheterization study. J Am Coll Cardiol
1996;28:1226—33.

[41] Matsumura Y, Elliott PM, Virdee MS, Sorajja P, Doi YL,
McKenna WJ. Left ventricular diastolic function assessed using
Doppler tissue imaging in patients with hypertrophic cardiomy-
opathy: relation to symptoms and exercise capacity. Heart
2002;87:247—51.

[42] Kitaoka H, Kubo T, Okawa M, Hirota T, Hayato K, Yamasaki N,
Matsumura Y, Doi YL. Utility of tissue Doppler imaging to predict

exercise capacity in hypertrophic cardiomyopathy: comparison
with B-type natriuretic peptide. J Cardiol 2009;53:361—7.

[43] Haissaguerre M, Jais P, Shah DC, Takahashi A, Hocini M, Quin-
ion G, Garrigue S, Mouroux AL, Metayer PL, Clementy J.
25

Spontaneous initiation of atrial fibrillation by ectopic beats
originating in the pulmonary veins. N Engl J Med 1998;339:
659—66.

44] Lubien E, DeMaria A, Krishnaswamy P, Clopton P, Koon J,
Kazanegra R, Gardetto N, Wanner E, Maisel AS. Utility
of B-natriuretic peptide in detecting diastolic dysfunction:
comparison with Doppler velocity recordings. Circulation
2002;105:595—601.

45] Baba O, Izuhara M, Kadota S, Mitsuoka H, Shioji K,
Uegaito T, Mutsuo S, Matsuda M. Determinant factors

of plasma B-type natriuretic peptide levels in patients
with persistent nonvalvular atrial fibrillation and pre-
served left ventricular systolic function. J Cardiol 2009;54:
402—8.


	Risk for atrial fibrillation in patients with hypertrophic cardiomyopathy: Association with insulin resistance
	Introduction
	Methods
	Study patients
	Definitions of HCM and AF
	Physical examinations
	Assessments of biochemical parameters and natriuretic peptides
	Echocardiographic measurements
	Subgroup analyses
	Statistical analysis

	Results
	Discussion
	References


