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55 B £ suA 2l sEe} A3
Al 2 ATz Had
Mo, B dEH

steFel e A ge) st A &3}, Yol g a Ax = e A A &8
2 o] AT SRR EA ST v 84 F s el vt A dapHe Y AT 3
7l wAE s vmsr] $ste L£eALT 319, R 3139E dAes ARSI AM(3D
echocardiography) ¢} &7} AJs}sh=iel WS A3 548 da2del vlsiA B =2 g7 9
A WA, 2571 A WA, 13] uhEe), Fdobsl7vbelA] W fAt A E A e Bl ub ATEE,
Al Al AlabERF 7 2 A T ole|d v HE2TrRe WA velgor (p<.05), 83 F ZRA|E
Qv REiE LTS dERE EF AFEEES Bolom, AdIA A3ke] $§ 2<¢lozA 10umol/L
9] o dllgsls ¥ &S (F5ALT T42%, W27 87.1%) ¥ & BF vlwd A veh) SAXe= {08
zho)7} dieh EA & sRAaH ¢ vEE S5ASLTe A4S FA Fgoled 2 QA Fxs) fo8 A=A
(p<.05)& Yl A & srA2HQl e Pzl WADEE (FS(%)F 208k ko Aaaids
JER AT (p>.05), + Aol M= ARAA S el A dgie) olejst Atz Fis & W) 84 F 3%
Al2El]l TR FeARe E2E BF Aol WAoo AT E F V) e nAvE A o 4 34

(2008'd 64 29 A4 20083 11 17 A=) 5<])

e

3 2 x| ~H| 2l (homocysteing)-2 A7) & xz3tsl=
ofulizAto 2 P4 ofm| Akl wE] 2 (methio-
ningjo] A|el<l (cysteing) o2 A== AL
oA AAEE FUHAEARA 271 2R
A ske} A skA e s AR (Jang 1999).
o] 7% A3}t A elA sRA|2H AL HE] L
1 &4 &4 (methionine synthase)el 2j& =E] 2wl
o2 AP o FHAoA vlElR]l By (cobala

*o] S 20083PE Folfsta e Tulel olstel AT
o

[e3
)j\u-

5
TAAA 7% (Folha Az 2asv) s AFA %3}
A A}-$-9 : sportsA@dau.ac.kr
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A 2|3, AFeH Hapa

min)7} Bzelx}e] &S 433}, Ns-methyte-
trahydrofolater} wWel7] Fedx}z 2}-8-81 Ng, Ny
methylenetetrahydrofolate reductase (MTHFR) 7} &4~
2 248 AR dlE] e o] Hsfo g Eafs}r]
w AlzEl]le] RF3le] elo] djgt FAde] o
5ol ZRAIAH]Qle] At o7 thabEm,
ojuf T RA|AE|QIL> ofu| ARl MR (sering) - 2F
43te] HER] BeE BEJIAR 3= o2 &4l
cystathionine B-synthase (CBS)el| 2]3l] cystathionine
o2 A3E T, o] YARAIEL y-cystathionases=
ohe mael o8] FFElElL (glu-tathione)e] AT
B2 A 2HQlZ} o-ketobutylateo 2 7p4=Ea]
o, o] A|AE[QX FHFHoz Ak (sulfate).o
2 A% F s 53 AASE Hez A

gilnil



o}

P2 3wA2HQY FEE é%@l S 3
Aefoll A eF 5~15umol/L A = o]m, 01% of
70~80%7} #7; whiid s} A Az A5k

oF 20%4te] fEjdow =R Qv “&‘:J_. g9
IRAAHQIS %7} 15umol/L o)ArY 7
ol VI RA|AHQIH Fe|Ely Haw, FX4
Zo)| uwie}l, A= (15~30umol/L), F==
100 umol/L) &3 33 (>100 umol/L) e =
3k gl (Kang 5 1992).
HF IRA2EH]Q s2E A =
FAE] 2 AlA S 22 EPOH 37
ool §A3 2l oA 3
Aoz kel oot (Seo 2001). H5
sxel s wA = FAA s *Eu‘:litd
7% FAo) u]s] 10~20% A= e
R, 37 Hell wBls) v«ﬂ?ﬂ Foll

o

o

J o
|

[3

Ris

N
o of

=
S

ﬁ—‘sésac}( benblchler = 2001) w3l HF SRAIA
Q FxE e AT AFAHL ehls

Aoz deid qled, A%el 109 F71e vl

of 5%¥ 1 F=rt AFde Aoz dEid
(Norlund 5- 1998). o] e]ell = FAx}e] 73¢- v]FA
Apell wlsiA HF FRAI2EQ] F=r) oF 20% 4

3 Aoz dEA 9ler (Jang 1999), RHA 4l
A Zatel]l SlojM = AAkelel wls dF swA
2HQl F=rt of 202 Asdiate A e] B
9o} (Merouani 5 2001). 8= ?L‘?_A]/\Eﬂ Ql =r
A2 adled oAM= &3
2 gledl, 53], MTHFR f-2 2}l —s—xﬁs}—- oA
o] AF zEAIXE = 9 AGAA A 7|
2= el Hate] w2 AT A3t BuHAH
(Kluijtmans 5 1996).

dF zRA2HEHl TR Aol AduAAR
I 2L G m3E Jepive x| Ba
£ McCully (1969)ell ]3] ={xieH], o] Aol
9% Az $E7 F7h A sEAs
Bl 2= (homocystinurig)ell A Aol ] 3 9] 3}

-0

p

-
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(hyperhomocysteinemia) o] =A}==
MAZ FA= 1 AZANE x|
QA Az 913 olz}a}: 5.
F A, AT Ak NE
WA 5} Re AT
EERES LSRR
o) ofxe] FAL o}
23} A A o]t} (Nygard %5 1999, Verhoef 5 1999).
aRelE #eky, et dFEeld 9% &
TAAEH Q] 5o AlZo] FAFTAAF) x] 3]
WA AHeg AL ®
oz}, 1 =7t % SRAAHQ Fxel M|
3= AR 85 S RA|AH] 5ol
AEBA dge] deleoz 24d FbeAde FAE
Ao}z 9)oh(Nygard 5 1997, Retterstol 5 2003).
o ¥F swAzElel Hwe| zhavt 4
Agke] WS AAAZ TFeA S AAEE BAE
4k (folic acid) 5 o] g3le] dF swAl2Eal
FEE E 5o AABAAD el =5g
4 Qe 3% ANSIE shsie (Rousseau
2005). 13y} dF sRAXHQ F=o] A
23 A A A3 e tﬂ-ui;’,]- era'IEh:}—L—
Absl= =A7F 3d
el gake] 7
AL ¥

2 ¥ gxF

o Fxe

o, oft m{}l

>

o 1
ST o

12 rE

7 A%} YQrle A w
]E}(Verhoef 1999). %] &
= W3l WX mdel IsiA
T2} wol A A kEH ol 3
|2HQl s=rb Ald ARk $13 At
A Aol AN o)Azt wlmalA Wl 3
2ol 2 FeAde] 32el7] wjEol (Yim 2000,
Min 2003, Rea % 2005, Okura 5 2006, Kim}
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Choi 2007). =3t d3 3 RA|A~
el AERA AR
AR 4 0 o
:ZL\‘U_}\]/\E-"O] }-“—.‘_E-/]
z 3l 75l uAE
n) &3 AlA o]\:]_
upeba] o] A= A 61d o]k
Asrew s e %*d%
P9 8 a2 AL gt ) X
bl AT 7ol ofm3
o8 sty ssed deit
AP EEUSES

~ Lo
A 7z 8 7wl mA
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2, Me i%H He gtel] A3 %

3 3)PAEe) AAAZH 2 A
-BODY 3.0(Bio-Space, Co. Ltd., Korea)
ol gate] Astelom Aol Fash 7%
22N E o gl alstgich A
ocardlography)’r— oF 2009t Hz

2}@6}5'_, il VH‘G& %Mﬂr ﬁ
& 55 P olgste] Y
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Table 1. Physica characteristics of subjects

Mean+ SD

Variables Control Athletes t-value
(n=31) (n=31)
Age(year) 21.4+2.0 203+1.1 2.598*
Height (cm) 181.4+4.9 181.9+7.3 -0.317
Weight (kg) 74.2+95 71.8+10.0 0.963
BMI (kg/m?) 225+2.2 21.6+1.9 1.665
*p<.05.

A4 W) 7] (left ventricular internal dimension at end-
diastole, LVIDd), =712 2AlAl WA (Ieft ventri-
cular internal dimension at end-systole, LVIDs), £14]
A& =k (left ventricular mass, LVmass), W73 s+&8-
(percent of fractional shortening, FS (%)), <tAA] Al
uk4= (resting heart rate, HRrest), 13] w}3-2f (stroke
volume, SV) 2 Atk (cardiac output, CO)2-

H3)oiet.

i

A (immunology autoanalyzer, ADVIA, Centaur,

Bayer, USA)& ol-g31e] Z4siglon], 84 =eek
S Aol B Zbepaacs, Feloleld 2 &

Al Erx= 22384 (chemistry autoanalyzer,
ADVIA 1650, Bayer, Japan)<- o]-g-8te] =5}l

4. B3 £A
SFASTT B2 Aelo] B4 A

137 AzxgTalge] HgE gk Alele] Afo
HEE 75 (unpaired t-test)ol] 2]l o4& EH
slen, At 141 A 2 swAAHQ x| A

A o:] = Kol mogorov-Sml rnov 7AW S o]
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Table 2. Echocardiographic and biochemical data in controls

and athletes
Mean+SD
Variables Athlete Control t-value
(n=31) (n=31)

AR (cm) 29+0.2 3.0+0.3 —2.217*
LVIDd (cm) 52+0.3 55+0.3 —-3.721*
LVIDs(cm) 3.3+0.3 3.6+0.3 —4.749*
LVmass(g) 216.0+68.7 236.6+41.9 —1.423
FS(%) 37.7+34 355+24 3.049*
HR, (beat/min) 66.5+12.1 53.9+6.7 5.111*
SV (mL) 88.6+14.0 96.3+13.0 —2.225*
CO(L/mL) 59+1.3 52+1.1 2.137*
Folic acid (mg/dL) 6.7+3.3 6.4+3.1 0.360
Creatinine (mg/dL) 11+01 1.0+0.1 2.872¢
Uric acid (mg/dL) 6.2+22 55+1.0 1.649
CK (mg/dL) 141.3+61.5 365.1+58.8 —5.351*
LDH (mg/dL) 335.1+58.8 4155+ 97.7 —3.927*

AR, aortic root; LVIDd, left ventricular internal dimension at end-
diastole; LVIDs, left ventricular internal dimension at end-systole;
LVmass, left ventricular mass; FS, percent of fractional shortneing;
HR o, resting heart rate; SV, stroke volume; CO, cardiac output; CK,

creaine kinase; LDH, lactate dehydrogenase *p< .05.

1 =~

A |

H M

g3 st
1 A A 3HEA
A2 (LVIDd, LVIDs, SV 2h)s} A
Hopel FtobA] Bl At hE)
of dzel wsted fefsiAl &
gk 1%5}‘;11_‘3#, FS(%), HR 3 COZL A 35
Aee] dzerd o8 4 Jepdd (p
<.05).

p

==

5= Table 29}

s, SV

A}

“

o
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=
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Fig. 1. The distribution on tHcy level of subjects.

2. H & SRAAHQY Sk2| ZX
AL Az ¥4 F sEA2EHR §
o FAd W vmEHT A3 Table 20
A A& ks 2
3] A £ swAAHQ = HTFEE
o T3t FpgomnE] folahA weldA ke e

2 Yepg=d (Kolmogorov-Smirnov test, Z=1.159,
p>.05), ¥x = I RAIAHQ Hx9) FlE o)X
9] EABA-e m4AQl wb (parametric method)-2-
olﬂ bl 1 ol de A staict(Fig. D).

Ast 84 & zuA2Ee) FEE 2 $%
ozl zzuch s Wi ekt A7
oAe] glglen] AdIA A 1gesle A
22 AHEE 4 F 3EASHQ F=<l 10
umol/L o]/}e] sx=g vehlix vlE (Fig 2)& ]
Ay 7&?%011*1+ A} A2 Afelel o3
Zpol 7k #EH A ehokel (x?=0.9300, df=1, p=
3349) (Fig. 2).

FH LEArEe £330 WA F swAx
gl el w3 Table3olA B nie}
95 HFshe 100 Fon BT
3 edl £FA5 A™E A A4t
e skl Agnsg 94 3 suA2Hd SEvt
e wokort BAMos folHe vehiA:
2o} (t=-0.962, p=0.344)

=
<

04. r-11

:(0 2

2ol
P

=

o 73

e

5% 12
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100

%
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Controls Athletes

| 3 <1oumoli B > 10umol/L

Fig. 2. The prevalence of >10umol/L tHcy in controlsand ath-
letes.

Table 3. Thedistribution on tHcy level of subjects(umol/L)

Population
Statistic
Athlete(n=31)  Control (n=31) Total (n=62)

Min 6.5 6.2 6.2
Max 28.3 30.3 30.3
Range 21.8 241 241
Mean 134 12.6 13.0
Median 12.3 11.6 12.2
Variance 16.9 22.6 19.6
SD 4.1 4.8 4.4
Kurtosis 54 53 4.8
Skewness 19 18 18

Min, minimum; Max, maximum; SD, standard deviation. There were no
significant difference between controls and athletes (unpaired t-test, t=
0.745, p>.05).

ol Szot Msias

Table 4= & A

& Az b 3 4
AL, Z| obeld, @A

Z#obel tebdl @ Ak 7}
PP EL FES BHT
e LI PR
#g vpehyont

e 49

£,
Ll

23
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=

3
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3 10}

3
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5.
0

<10year >10year

Carrier

Fig. 3. The distribution on tHcy level stratified by exercise.

Table 4. Correlation analyses between tHcy level and several
biochemical parameters

Correlation
Variables Control Athlete Total
(n=31) (n=31) (n=62)

Folic acid (mg/dL) 0.061 -0.325 -0.134
Creatinine (mg/dL) 0.172 0.569* 0.384*
Uric acid (mg/dL) 0.067 0.518* 0.214
CK (mg/dL) 0.019 0.107 0.012
LDH (mg/dL) 0.328 0.107 0.117
*p<.05.
(p<.05)
4. €H & S2AAHCQ Sk HEXFLAE

ote| Apzhzi|

Table5= 84 % suA2HQl Swrt AYT2
R 75T AAY AgEsARe) 4RI
Mgk Zolet. 1 A, EEAFTAAE oJust 4
F2o7 AmskE fol3 4RSS A Qe
ahel) ool e W RhEE (FS(%)) 3t )
3k ofe] ARIA S vhehyglet

o
°of A7 WA= e AHHez da sle
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Table 5. Correlation analyses between tHcy level and echocard-
iographic data

Correlation

Athlete
(n=31)
-0.021
—0.198
—-0.180
—-0.138

0.044

0.140
-0.170
—0.026

Tota
(n=62)
—0.026
—0.106
—0.243
—0.076
0.311*
0.159
0.006
0.146

Variables Control

(n=31)
0.030
0.063

-0.281
0.010
0.522*
0.133
0.253
0.278

AR (cm)

LVIDd (cm)
LVIDs(cm)
LVmass(g)
FS(%)

HR, (beat/min)
SV

CO

*p< .05,
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Al Atz Yepd 7o g Als ¥tk (Ann 2001).
a3 FRAAEHC Fxo] Bz glojdE
o] el FHddt FAEY AL I =9 ¥
7} 6.2~30.3umol/L= Blwa A el
|

=
S

p

Wed +edeed dad 2l
Pk F sRA2EHAd F=

daell W= A7 WAAAke] Aol A7 W
Ao Apelel 23] I Aol Qleix] dAE A

o o2 %33 gl 417 eleh. Randeva 5 (2002)
o ohdy i 2FEel A9 AR A4S e
2 o] 2T AN 5o 23] BF 28A
29 Sk gagae A7 Ase bl
Konig %5 (2003)& 1 3% Z7]e] Feid

EE oz sl BT A7)
wA2He BEe Nwaged, 1 A% §2)
M3kE BE5 Feholeh T2t Red 5 (2005)
20~400) 4 vlebE ASES HoR s
vlebE A7) A - Fol 2% F sEALER =
o W3tE wlamslsled, o ATelAE ke A
| ol 8% suA2ERS) Fwo) fols A
Aoz vt wlebE AagesA s
AA} o= Q1% AR B F7le] WF
Rzl SRS F7b} skt 9e1d 7}

He AN = aae.

rir
R

o

1k o

ol oft
e o e ]
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g
A
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of o @ of

H
= e
2
R
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)
2

Aol AZFAE &3k (Min 2003). ¢]
olx= Kimz} Choi 5 (2007)¢] we] A3
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o 2

13149 1} = &5&

o] WalE UEA i esle
Aoz ehgh ol AAY u

oo =
SEs 2 mdwe 154 £58 ek oA
Z2HIE 917 A o|sks FUMAA eolm|xAb
9 (pool)ozRE FF 3RAAHQL AL
717171 wEel Aoz FZ5E3 9l (Red 5
2005).

FARE 5 3RA2H QIS F= Wt g3k
v B A 2919 iz delid ook 3w
A 2H|gle] WlElodow AueslE= A oA
W78 AlFshs Bzl d&ds s3] o
ol Yele Aoz a w@we dFEdA F
At =9} ZRAAHQ Fx Aol AAFTHTA
7} EA g Aol F)lE e o]H ol f=
Abe] BZFo] AARALY HAF B EIES e
Woes AR 37 AP AA A3k ool = A
Al &dE vepd $ v 7hRsA el Al7]E o]
o9} AE @ AFEo| 3=} (Christensen
1999). ey} & AT e 5L 2
ERoAM dF fabsxel FIRANEHQ FE
Atolell = gt ARTA 7L BSE R gol 71E9)

=

we A7ET UASA 9r e el
e wAAMel H2e A olft ¥
gor} A% A wEE FAoht 79} e o
£ e B4He 2dBel o) e W WA
2 2 AN ZHeA e dela meclel
8% QAbsmel g nAY) 9w Aoz A
75

97 =eelelds 2ake A% A)5d B9
Az el o, B Al BT A7 B
A AL +F A4T) A9 ¥4 F B2
AzERl 57k ¥R Fdolelds a4 =
¥l ARAAE vehiieh R sk
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o)

8

o>

A AT AAA kg R ope} o 4
Agle] oJsld FTREIE 7tEA2E T4
g3 3RAAEH]Q F=] zpo|7} #SHA
A7 713 $E 84 sRAA
WA= A 7]Ae] A sl
7] ¢t} (Davies 5 2001). 23 =]k, dukel vk
EE 1S I dez & g dFedi=
A A2l FErF G4 I olEd T=
frolsh #AAS el S B ol AR RA] A
IRAAH IS Hatel - mAFA o] FEE
e AME BaiA A AlZE dellA] ERA|AHE
Qo] 3hshH o] HA FHoled F=E 53
vehd AlFAl i3} 7ed) WA A[AAS o
7] d2el ol=dt <ke] ARAAAE vehlie
© =2 A}z =t} (Elshorbagy 5 2007). = o} 7154
o2x A FHoled F=o] AW Zelot 3
A AHE 4 ed, dubgez JdAde 4]
of HlsiA FA ZRAAHQ FE® ohzt FA
FHolEld F= 4] o & Aoz dHA Qo
ol HlIAEAH|EOR HuEE WASEE] I8
o] 7ol IAH7] Wil oI Blsl FA
S| Zkel HHE P FYoleld = g4
Hb AFs3h] wigel] ¥4 sRAIAEQ] FE) 3
FHokeld F= Ateloll o]2qk ko] AARaA}
ZHE Aoz FZH4 (Sotgias 2007).
S RAIZHQ FEe] Abgo] vekdt A
A ecleoz zgshe AAZ o At
7 71%2] A #| A (remodeling)
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Abstract

I nfluences on Biochemical Parametersor Cardiac Structure
and Function of Serum Total Homocysteine
Concentration in Athletes

In-Geun Jung, Hyung-Sook Kang?

Department of Physical Education, College of Physical Education, Hanyang University
Department of Sports and Leisure Sudies, College of Sport Science, Dong-A Univrsity

The objective of this study was to compare the difference in serum total homocysteine (tHcy) concentration between
controls and athletes, and examine its influence on biochemical parameters or cardiac structure and function of our
study participants. Biochemical assay including serum tHcy and folic acid concentration were performed by automatic
analyzer, and analyses on cardiac structure and function of study participants carried out by 3D echocardiography,
respectively. There were significant positive correlation between serum tHcy and biochemical parameters such as
serum creatinine and uric acid concentration in athletes, while there were significant positive correlation between serum
tHcy and echocardiographic parameter such as FS (%) value in controls (p<.05). In conclusion, our data suggest that
the interaction between serum tHcy concentration and clinical parameters in athletes might be at least in part controlled
by the difference way with controls. Further studies using larger sample size will be necessary to clarify the precise
mechanism behind these interactions.
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