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Difference of The Cardiac Structure and Function Depending on
Obesity Level of Healthy Adults
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The purpose of this study was to find out any difference and correlation between the cardiac structure and its function

according to the level of obesity as evaluated by waist measurement and BMI (body mass index) in healthy adults. For
research subjects, the study selected a final 519 subjects excluding 198 subjects aged 55 or over out of 717 subjects who
received echocardiography through a medical checkup at J General Hospital. For the criteria for obesity, men were
defined as being obese in case their waist measurement was over 90 cm, whereas women were defined as being obese in
case their waist measurement was over 80 cm. Also, regarding the BMI criteria, in case a person's BMI was 30 kg/m’,
the subject was classified as belonging to an obese group, and in case a person's BMI was between 25 kg/m® and 30

kg/m’, the subject was classified as belonging to an overweight group. Concerning the evaluation of cardiac structure

and function, they were evaluated using two-dimensional, M-mode, doppler echocardiography. According to the stage

of obesity in accordance with waist measurement and BMI, the cardiac structure showed both eccentric and centripetal

changes, and the cardiac function was also discovered to show differences according to the stage of obesity. In addition,

also in the overweight group, which is a prior stage to obesity, out of the criteria for obesity classification according to

BMI, there were differences in the cardiac structure and function. Also, both the waist measurement and BMI were

found to have a correlation with cardiac structure and diastolic function. Consequently, cardiac structure and function
are correlated with BMI and waist measurement, which are anthropometrical variables, and obesity is assumed to induce
not only structural change but also functional change of the heart.
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%3 Y} (Lauer et al., 1991; Peterson et al., 2004b;
Wong et al., 2004; Avelar et al., 2007). B3k 244 v o<}
22 ATEe Wstel =57] 9 ole] Ylee] Wst
o AgwEske] SHEQl fFeow dHA o
(Levy et al, 1990), L 7] o2& n]vtol] w2 deteo] A
<, add AR, Aiabe] Ws) A5 Ale] BRI
(inflammatory cytokines), E¥]F] 7]l To= U4
#] AT} (Zhou et al., 2000; Mavri et al., 2001; Aasum et al.,
2003; Engeli et al., 2003; Esposito et al., 2003; Peterson et al.,
2004a; de las Fuentes et al., 2005; Arkin et al., 2008).

A QA4 (body mass index, BMI)oll 2|3t 34|53}
HIRKE]) 712 AAA ez 7P Ee o8 HIT A
FEA AR o3 AFEES] dl51Ate|™ (Flegal
et al., 2005; Yan et al., 2006), X712 ¥4 A
HHS Wb b Ald @A 3 RRb7)zia o] A

#AA7} AT} (de Simone et al., 2005; Krishnan et al., 2005;
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Domanski et al., 2006; Dorbala et al., 2006). B3+ H|TH2 TF
A gA-g2 o] Z7} (chronic volume overload)= <13}
A% (cardiomyopathy)S 25kl =™ (Di Bello et al.,
2006), A AZFA Gt EEe] AxSHE S5 A o
7] 71 WskE dobd A3 AT STkl wheh 24
A F57] Aol Addste] o]y 77t vehdtt
(Ryu et al., 2008).
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Htdshe e deion, o F slelEdls WY
W ool AEadste] 999 w2 HHAS YehiY
A AEHAS dS5shed AdEATEY v a4
2l Ao JAAE ST} (Jassen et al., 2004). T3+ 18
Stz RRter) 2 ojebeljol 1A=
ol gk Aol A A Aol & nnbr]Ert
S Rko] 24 ojedellol v WA T wo] e
o7 HAFHAY (Kim et al., 2006).
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= Bfue] A x=E arEEolof s oWt} (Yusuf et al,
2005; Ryu et al., 2008).
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ARSI A BT sdgh AARE AldsEkelar
Sonos 5500 (Hewlett-Packard Co., U.S.A) A %53} 41 &
o]-gste] tidAtE HARE ol Gkl ® 3571 AA
Al 2.5 MHz B2 378 24 F5oll dlal F=
A ASUHE, dsuds ARE GRS AlEe]
th o]/, M-mode, =& AZ53 HAME AlAEH3l AL,
EE AN W8-S vl Holze 715330t oA,
M-mode A1Z53F HAR= W= AZ233 813] (American

Society of Echocardiography Committee on Standard: ASE,

]

Table 1. The clinical characteristics of subjects on the basis of
waist circumference

Variables (II\IIOZIE%I) (r?ff?);)
Age (years) 432468 45.1+6.7"
Male (%) 268 (64.3) 69 (67.6)
Height (cm) 166.8+10.9 169.1+8.1"
Weight (kg) 64.4%10.5 78.9+12.0™
BMI (kg/m?) 229427 27.442.8™
Muscle mass (kg) 455+8.5 51.249.9™
% body fat (%) 241493 29.8+11.17"
Systolic BP (mmHg) 108.5+12.7 117.4+163™
Diastolic BP (mmHg) 70.1£10.3 77.5+£11.2™
HDL-cholesterol (mg/dL) 56.61£14.0 50.0£10.4™
LDL-cholesterol (mg/dL) ~ 121.0+30.3 131.4430.6™
Total cholesterol (mg/dL) 196.9£32.9 204.5433.0"
Triglyceride (mg/dL) 117.6169.4 154.9+76.5™
Glucose (mg/dL) 91.4+16.7 101.9426.8"™
HbAlc (%) 5.610.6 6.0+1.0™"
Insulin (uU/mL) 4.612.6 6.9+3.3™
hs-CRP (mg/dL) 0.14%0.31 0.23+0.47

Values are Mean = SD. ™, P<0.001; ~, P<0.01; *, P<0.05
(compared with Normal group).

Abbreviation: BMI, body mass index; BP, blood pressure; HDL,
high density lipoprotein; LDL, low density lipoprotein; HbAlc,
hemoglobin Alc; hs-CRP, high sensitivity C-reactive protein.
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1989)ll 4] A|AJeh= Eshd Wos 43k
A4 AEF (left ventricular mass: LV mass)<> cube formula
£ 0]83} corrected ASE method = AAFEIE AL, o] A|XE
WA (body surface area: BSA)C.Z o] FHAA A

Tk A ol =
pulsed wave Doppler 3 %5315 o]&3le] FREdt
o] gollA olebr] 7] R ¥
7] 37 SEF AHEE

olgtv] Ao I+

A
= (LV mass index)E T+ A
Bl
FEE (E-velocity), ©]
(A-velocity), E/A H]&, %7]
HEAIZE B3] ZHEAIRE (decel-
eration time: DT)S =7 3}31t}. Tissue Doppler 4 %535

HF{FEE (E-velocity) & 5743}
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system, Korea)E AH&-3191 0.0, Al d&A = AT (kgy
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(Bio-electrical impedance analysis)S ©]-&3l Inbody 4.0
(Biospace, Korea)s AR&-ato] A E| &2 S4313it)
A= Z1Ae] d=datel] S ol AdEfoll A 2 A
£ F3 5 A= E3tolE 8ol 30 em A

ket 87 EjX]4] A= (8-point tactile electrode), TH-
g4 B4 (multi-frequency analysis) S ©]-8-3f <14 F-9]
H 47 AgS SAse] 283 (muscle mass), AAH
% (body fat mass)S 4HE3FITH

1]

OHH A}

=

YASAL gAIRE 52 F ofzlel AHEE AT
TBA-200FR (Toshiba, Japan)= ©]-83}¢] hs-CRP (high
sensitivity C-reactive protein), HDL F#|2~H|&, LDL ¥
ZHE, Total FE|2HE, T4AY, s5d9S 5S4}
son, Fslgda (hemoglobm Alc)9] #2412 Variant II
(Bio Rad, US.A)E ©]-85}o] HPLC (high performance liquid
chromatography) o2 ZA3}3lth <& ADVIA
centaur (Siemens Healthcare Diagnostics, Los Angeles, CA,
U.S.A)= direct chemiluminescence < ©]-83}9] two-site
sandwich HS Y& A3 A}

Table 2. The clinical characteristics of subjects on the basis of BMI

Variables (Ir\ll(ir;l;aél) O(\;leggzg)ht (fl)t:)ezsgb) Bonferroni
Age (years) 42.7+7.1 45.1%6.1 44+6.0 A<B™
Male (%) 178 (55.3) 140 (81.4) 19 (76.0)

Height (cm) 166.0+£11.8 170.0+7.2 170.4+8.2 A<B”
Weight (kg) 60.9+8.9 75.7+7.9 90.8+10.3 A<B<C™
Waist circumference (cm) 75.0£7.6 85.91+6.0 96.1£5.5 A<B<C™
Muscle mass (kg) 433£79 51.1+£7.8 575489 A<B<C™
% body fat (%) 23.5+103 27.5%92 31.5+4.7 A<B<C™
Systolic BP (mmHg) 106.7£12.6 114.7£13.5 124.4%15.8 A<B<C™
Diastolic BP (mmHg) 68.9£10.2 75.1£10.2 81.0+11.6 A<B<C™
HDL-cholesterol (mg/dL) 58.7+13.9 50.4+11.8 46.516.9 A, B>C™
LDL-cholesterol (mg/dL) 118.2429.5 131.7+31.1 126.4+29.7 A<B™
Total cholesterol (mg/dL) 194.4£32.5 205.6+33.2 199.5+31.3 A<B™
Triglyceride (mg/dL) 105.5+59.6 153.7+80.2 176.1£76.2 A<B,C™
Glucose (mg/dL) 90.0%16.4 97.9+21.1 107.5%30.2 A<B,C™
HbAlc (%) 5.610.6 5.810.7 6.4+13 A<B<C™
Insulin (uU/mL) 4.0£2.0 6.713.1 84134 A<B<C™
hs-CRP (mg/dL) 0.13£0.28 0.17£0.31 0.45+0.85 A, B<C™
Values are Mean & SD. ™, P<0.001; ™, P<0.01.

Abbreviation: BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; HbA 1c, hemoglobin Alc; hs-CRP, high

sensitivity C-reactive protein.
A, Normal; B, Overweight; C, Obesity
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|4 AN ARG 47 folsiA S Aot (P=
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Table 3. Cardiac structure and function on the basis of waist
circumference

Variables Normal Obese
IVSd (mm) 8.9+1.2 93+1.5"
IVSs (mm) 13.8+1.9 14.6+2.1™
LVEDD (mm) 47.0+3.9 483154
LVESD (mm) 285435 29.1£5.0
, LVEDV (mL)  103.1+214  111.3£25.0"
Cardiac " "
structure  LVESV (mL) 31.7+10.0 34.1_16.?**
LVPWd (mm) 8.6%1.2 94423
LVPWs (mm) 14.442.1 15242.0™
LV mass (g) 17331424 197.6+49.7
LVmassindex 1064963 10064263
(g/n1)
Cardiac EF (%) 69.8+6.0 70.3%9.1
systolic
function  FS (%) 39.5+5.1 40.9+6.5
DT (m/sec) 19554552 187.0+585
E (cm/sec) 69.3%15.7 68.6+15.2
dC,ar‘glall,C A (cm/sec) 50.4£13.7 57.0£13.9™
1astolic sk
function  E/Aratio (%) 1.4740.53 1.26+0.38
E' (cm/sec) 133167 11.842.7™
E/E ratio (%) 54+13 6.0+1.6™
Values are Mean + SD. ™, P<0.001; ™, P<0.01.

Abbreviation: TVSd, interventricular septal thickness at diastole;
IVSs, interventricular septal thickness at systole; LVEDD, left
ventricular end diastolic diameter; LVESD, left ventricular end
systolic diameter; LVEDYV, left ventricular end diastolic volume;
LVESYV, left ventricular end systolic volume; LVPWd, left ven-
tricular posterior wall diastole thickness; LVPWs, left ventricular
posterior wall systole thickness; EF, ejection fraction; FS, fractional
shortening; DT, deceleration time; E, mitral peak velocity of early
filling; A, mitral peak velocity of late filling; E', early diastolic
mitral annular velocity.
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Table 4. Cardiac structure and function on the basis of BMI

Variables Mean + SD SS MS Bonferroni
IVSd (mm) 9.0+1.3 119.027 59.513 A, B<C™
IVSs (mm) 14.0%£1.9 289.327 144.664 A, B<C™
LVEDD (mm) 473143 545.550 272.775 A<B<C™
LVESD (mm) 28.6%3.9 39.996 19.998 NS
. LVEDV (mL) 104.7422.4 13450.107 6725.053 A<B<C™
Cardiac structure
LVESV (mL) 322+11.6 413.620 206.810 NS
LVPWd (mm) 8.7+1.5 92.798 46.399 A, B<C™
LVPWs (mm) 14.542.1 245.814 122.907 A, B<C™
LV mass (g) 178.1+44.9 182213.6 91106.788 A<B<C™
LV mass index (g/m?) 100.9425.5 5896.030 2948.015 A<B’
, . , EF (%) 69.9+6.7 289.220 144.610 A<B’
Cardiac systolic function
FS (%) 39.8+54 147.574 73.787 NS
DT (m/sec) 193.8+55.9 3099.494 1549.747 NS
E (cm/sec) 69.1+15.6 2072.826 1036.413 A>B’
o . A (cm/sec) 51.7+14.0 5307.023 2653.511 A, B<C™
Cardiac diastolic function ] —_—
E/A ratio (%) 1.43+0.51 6.695 3.348 A>B
E' (crm/sec) 13.042.7 403.434 201.717 A, B>C™
E/E! ratio (%) 55%1.4 50.963 25482 A<B<C™

™ P<0.001; ": P<0.05; NS, not significant.
A, Normal; B, Overweight; C, Obesity

YA FTo] FAL AR wow (ZHz P<0.001,
PG el oA s ke (7 sl2iSal, MUK 4FTE Y JIs0| TRy
=

P<0.001), ZtA|toll vlE) H|wkto] TR Fo R

Bt FAA ojerlel 7] SHEAE AT Table 594 = vhe}l o] Hvks: rlel= &&=,
A e Hls| vkt Al TR AoR yethtt  AEEARe} AT B Vs ae] s A 4
(717} P<0.001, P<0.001). 2414 A=k Aol vlal] 3 EEdet ALRAT B AT A g

ofy
Y

A TTo] 2 AR YEltoer (P<0.001), AT (positive correlation)©] U= HOoZ YENFOH, 1 -
of ulg] ninkato] & Ao = YERTH (P<0.001). 3 A A selEd], AdFA et folgh Aol g

A AR AA] Aol vlE) AAFTlA fFo] & BT (P<0.05).
sHAl 2 Bl o= vEhsith slelEel, AdFAT +57] A7 e B
ANAZFA TR HRES 578t 3715 atelg A & AT A% AdEH e 7EE ¢ A uHES
S5 Ay 757 A7 )ss el FEES A SES Fo3 S Hole AoE YEvon, 5
of vl FHAFTlA FA UEReTh =3 ojer] A Edle FAAE WAGSEIS FoF B AiEE B
71%5S Yehls 7] $EF dFES (E-velocity) = 4 itk
el vlal A Sl A o m Al =7 AL (P=0.014), slel=dl, AdZFA T oler] A7 s e A
37 R dFEE (Avelocity)s= AATY FAFE S A A9 7] SRF dFEE (B-velocity), E/A
of Hlg] H|Rrol A Wit} (P<.001). B/A H| &2 A3 H S, 7] SE3F d/FEFE (E-velocity)v o3k 5
o] ATl HlF) F Ao Z e (P<0.001). X 9] 47 (negative correlation)= H.ol= WHE, $7] SR
7] s E}E £% (E-velocity)= H]Wkroll Bl&] A3 T dFEE (A-velocity) 2= 213 H9] JAS 1ol
A Fro] wekth BE HES Gl vle) IAlTT = Ao® yehdth 3 Ad#EA 5 BE WS f
o] #A YERgow, Aol vl vkl A A ok o] IS Hol= o= LT

YEFSETE (P<0.001).
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Table 5. Pearson's correlation coefficients of BMI and waist
circumference

Variables BMI circttrvnzgzsrtence
IVSd (mm) 458" 4717
IVSs (mm) 489 543"
LVEDD (mm) 2927 305"
LVESD (mm) 123" .168™
, LVEDV (mL) 287" 318™
Cardiac LVESV (mL) 1197 162"
LVPWd (mm) 385” 456"
LVPWs (mm) 4227 4477
LV mass (g) 520" 5427
gﬁ;‘ss index — jgg 190"
Cardiac systolic ~ EF (%) 093" 054
function FS (%) 107" 105"
DT (m/sec) .006 035
E (cm/sec) -153" -261"
Cardiac diastolic A (cm/sec) 2337 1437
function E/A ratio (%) -269" 301"
E' (cm/sec) -381" -372"
E/E' ratio (%) 203" 082

¥ P<0.01; ", P<0.05.

L
vt A BAF T} vRE QI ATtskE S
2oz Qs 54 S7FE Bola vk HIvhe Y
1 oA AE T 2 AP Se] Wy B S
Holx 1o (Massie, 2002), Z374 3152 A7} opd
HIRE 7 A A 25 A3 A4R1 A9 7wl WstE
#etrtar Baw] 3 AT} (Sung & Kim, 2010).
3713} vlatsl vRkQle] A5 HA4lA ojekr I A H
#4la v A A4l Aol F7HT (Alpert et al.,
1985; Ryu et al., 2008).
o] AgrellA A7t S oo R seEEdlel e
Az Aol & EAISE AR Aol vls) Y]]

A A olglel 557] FATA, A44 o|sk] o}

1)

P

s

/\é o

5%7] ST FAE Ao vegton, 344 of
A A7, D44 ol 8, A4 ABL W
TN O 2 A% F0T 5 A9

Kim, 2010).

ol gt WP FS Sal vvke: A4 e 4]
W 2EY2E ST, olo g BAAAE 0w
A1) 2] Bt (eccentric left ventricular hypertrophy)&
Z 7|3} (Wong et al.,, 2004; Avelar et al., 2007).

gy H2Y AgEddA A #F3AA Bl
(concentric left ventricular hypertrophy)7} H]TFQIo A 9-A]
SHAl YERhd Tt B ¥ 3 T (Tacobellis et al., 2004a;
Peterson et al., 2004b).

o] ATl A= HlvkrlA FA FHFA STt
ofue}l A4 ol AAHE A veRt AT
TA AROE S o2 e e gl
AT 2 Qfel = Hwke Alejute] xpwki) Ao
ARE S7He oPINA A ARE S7H71H, H]
I A w7k A s= $-4-5) (afterload) 57F 2
A& A A HtE st
(Tacobellis et al., 2004b).

slelEdlel WE Ad7IEe] ztolE A
ol wlEl] wnktell A Ale] o]$tr] V)%
= 37 SR dFE5E (A-velocity)© MR
H&2 w2 B0 = ey

HF{FET (E-velocity)i= H] WOl A]
UElst o™, BE HES 52 3o = e
A4 F57] 7S HE 1 A7) gl Ao
e T o]2 st A= HukRlel A AAdRle] 1]
E/A ¥]&2 i, 4 S9eEs YER = EE BlEo]
Folxithal Hargk M8 A5 dX|eh= Aol
(Sharpe et al., 2006; Libhaber et al., 2009), B]5+1ol 4] E/A
H&e] e T2 3] SR AREE (A-velocity) 2]
S7heh Addem Wt gle 27 SRS dRE5e
(E-velocity) ™|t} (Chadha et al., 2009).

Hlwtel] & A 571 7152 B e S
U B3% 3 91T} (Wong et al., 2004; Avelar et al., 2007).
aeju A o] TIs Al 571 71 el v
Epr] dell vehb=d), 1 dR1e 2 FEAl ¥
stz QIgk 244 vidiel L' 19k o]ekr] 75 el
SWHE 7] wjo] kAl ®a1¥] a1 Q) (Chakko et al., 1991).
Tk vk ARlE SEEI Al EFRRIS] W, Al
2 52, Agoiatel Wil wEZ=gole] 757,
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]

e 4

!

" ﬁmrﬂlom
Fﬁfﬂﬁﬁg
ol pu
M ® jo N T &

r 3L

=
LS ~Eg 2 Fo] HlRRIeA A 7]Ee] sk
Aoz dHA Ut} (Sung & Kim, 2010).
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uhe} gt
e
= A
A A ¢ 1
27ge] o]¢h7] 7]** UrE‘rUHL z7l sEw 9
(B-velocity)= Ad=rell vlsl] AAFollA =7
UER O, B/A ¥ Aol dA|S kel
Ao yepth T3 BE HES ugke] A
A UERETE o)} 2 Axl= vgk dAof uhel
A ARG, A o] FNsHe] et dRdol
ow, o]¢t7] 758 AxEC] Bl FAToE
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