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ok 12578 Behsol vk Aade] AAFA Wste] SAAR dFS MHL(F

Sob 5, 2012), Mt oA AT, AAY Ha, TP F4TFe] STkl B3

v RS Jhdsk7] ek BlekE ARl Mol E 5 gEo] Aojarol AiHI o
H (Plodkowski & Jeor, 2003) & & Styyt @502 AAISYES wrHoh ¥ Ald ¢
gyAolegta By 9t (Blumenthal et al, 2010; Fock & Khoo, 2013; Lee et al.,
2018). A4t ¥ Holame Wae AXW FAW oy dFFdUiHE, T4

A 2 A-RE=ATY FU2EE FAE AL AREAGY FU2HE A
o]
-

rir

S7MA A FW 7 8FA] = (Atherogenic index)& Y3+ AS dth(Kelley et al, 2012;
Mestek et al., 2006). oldl H[%F 7HHS 9% Aolay F sty= vt BEA7t d
g o] &¥i glom Aol HFAE HIvt WH RIS A FA o AT FAAE
% F Ay HuyEa 9tHGolzarand et al., 2020; Sun et al., 2016; Wibisono et
al., 2016).

gk S 9k Al Ao REARZE L-7F2Y’l(L-camitine)°] A=, T2
R A AR AT A ded WA R AR tiAtel el o
S 3 JYAoltHSamimi et al, 2016). L-7t24¥E FsAtE A2HLong chain
fatty acid)®] WEZ=g ol U-&ut S35 &olstA FozM Ao dquAsE X

_l

3t 83 9888 dth(Knottnerus et al, 2018). o]# 3 o]F&E L-7I2YHS - F
A TR JEFgS v =, 25 U S IAs dYgsta A FEE FAaAA
+F5 F IRIES =9H, HOAaAAZY 39 STt E gyAeleta By

A tHFielding et al, 2018; Karlic & Lohninger, 2004; Stephens et al., 2007). 77}%
A1 A A BEE HARZolu SAEY] AHAE T8 A7 o L-IEU"R S
A AES TS He Ae, EEol AN F3E oY

g L-7t=24d 5o Zaste] Al
AAke] Absty v o7 vrold o QIth(H &4 5, 2003; Shin et al, 2010). w
ZhAl Aol A FAEE A L-7l 2" S &5 5 ARASE Fdstr)d 258



T doen ol Ay W= FUtR A Sk st 204 Eeddady & & dv
(Odle et al., 2014).

ool L-7FEYR S M AR oA 40 o] Ao BFAlE AREH AL glont L-7t=
el A Fo A vgE s ml = a3t = o s =AY oA 7 Tk
L-7hEYd B3A AH7F Alea AdEAs 2 AAgZFe] dadd fositt= we
224 A3 = QAW Pooyandjoo et al., 2016; Talenezhad et al., 2020), W= )53}
Ad#ZFAF 2 dFAA] Jfdel Fog a3t glvke FAAY WA d3x &
A gkt (Abolfathi et al., 2020; Thakur et al., 2021).

ojHd AA7HA Hid L-7tEYE A3 a3 #3 dddT 2R 449 =
otk gl g =4 oA gl
& AAolth wep 2 A= 8FY Hies Al L-7hEYd Y A3 AAF 4
A AR AY, AATA F ST fd el mAE ZARE skl HRE A
o

4 kS At gk
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2 AT 242 wys] fstel thewt ge A7 AU AR,

D) B3e% A L-h=Us 43 ool weh eeje] o7t 91 Rolch
2) BgeE A L-h2UE 4F o mel w2ee] ol 94 Aol
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31715 Sheh(e) ghul e sl 2018).

4) A= (Metabolic syndrome)
Aed Ao Qs g Mldl vk 138G, Y B o) HANLEF 5o A
ol FAgte]l FH3MA= FEHE FAHOE A= Mol th(dghnwkeks]) 2014).

5) A% %4 % % (Blood lipid concentration)
ol ) Ak i FS HotH, TF e ~H E(Total cholesterol, TC), 118 =4t

w29 ~H = (High-density lipoprotein cholesterol, HDL), 4@ =X ¢d FZ~HE

(Low-density lipoprotein cholesterol, LDL), &/ X% (Triglyceride, TG) X & &5

6) °o]’# 2 & F(Dyslipidemia)

TAA AAE SAsH df ] A FEol FustA el i FHE T
1

-
o4
J%E
oXl
&
Q
w
.
j=)
ije}
e,
ey
(@]
o
w
@

T~12A3F 22 $o| SAste g9 Eatw T2 o A He dgds SEsinh
AR = 70~99 mg/ ¢ ©]™ 100~125 mg/ ¢ Aol S &858l (Impaired fasting

glucose) 2 33l 126 mg/ 2 o]/FolH Jdxw oz ATt (Jee et al., 2005).

8) &<t (Blood pressure)

deffo] dyo] Hof rpste dHom A Hhsd wel Hud S8,
Systolic blood pressure)¥} A4 &<t (e] k7] &<t Diastolic blood pressure)s HlU+&
o Wt QA E 527189 120 mmHg V9, o] 97189 80 mmHg T wo| ™|

Z7]€9to] 140 mmHg ©]4o] At o]gk7]&gto] 90 mmHg ©]4o]H mdgto =

4

78 (Muntner et al., 2019).



oA = AAS AWEA AN E(Adipose tissue cell) Wol|l F& FA X (Triglyceride)
Fel2 AG3H(Ogden et al, 2007). ¥R o]y s A AW A FaFo] FyHt 7}
EotA F7keE AHE, duA I o] duA AnEE Zdete] Ay #F ATt
o] Aejrt =W wAECH(HIll et al, 2012). 19801 ol A A mHw-IAF A=
T ouzbE Solwem Al A AAl IR 1/3] HIRb e Aol ettt
(GBD 2015 Obesity Collaborators, 2017). vl %S A& A A8t A28 Gww o +37
A el 2 AAY U FEF T B Z3o F28 ddolH(Fock & Khoo, 2013),
A AAARD v A E Frke] ek AARES o5 -AAA HE BF Fhekal 9l
(Klop et al, 2103). A #eH o aWNAGFEFERA ] W= g Hvk FHE
& 383%E UERon AL o) FESHA Frkske FAloltH(A R #E ), 2022).
H|wko- ) 4 2% 4 (Body mass index, BMI), A %& (Percent body fat) 2 & 2%
(Waist circumference) &= @ <= Qlvh. BMI= A3 AFS o] &ste] nvt:
g HedlE A2 AT ke)S 7Ime AFoz vyo] 2bEsts, vt 1
g 7Hg dd AREET AAIRAT M= del, AESs RSk &3 BMI 25 kg/
m olds AT, 30 ke/m olde HITeR AHstil  ItH(World Health

rir

[el0

=
T

tlo
ShiA

25 kg/m & Ao Hwk %
shH|Rkers] 2018). H|WF weke] 7Fo 2 BMIZF 7V &84 AFEH 7 &, o= A
A E 2o ANATAHS LA &7 wiEo] oy r|Fo g Hwke #AustA FHu)

AALES AA7IAY B4 4] 55 ol&stol FAsH FA 25%, A 30% °
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—
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Figure 1. Acetyl-CoA production from fatty acid and glucose metabolism in
muscle mitochondria(Gnoni et al., 2020).

<Figure 1>¢ 7|d& AR A4k (Fatty acid)S AW2F 52 (Fatty  acid
transporter)oll o]3l] M ¥Eo] EIF & o}d-CoA T a4 (Acyl-CoA synthetase,
ACS)ol ofalf A ofd-CoA(Fatty acyl-CoA)= Z/dstelty. A ofd-CoAs HIE
Zrgol ¢to g A Holzd F glenz wEFZE=Zol &9 (Outer mitochondrial
membrane, OMM)ol| A 7F24¥l Zn|EY o] g A -1(Carnitine palmitoyl transferase,
CPT-1) &4l 9& 7l2Yelz} Askste] A ol 72 Y® (Fatty acylcarnitine) &=

AgEY. ¥4E A% opuzEvdEe  Azud-odszud  seeud



(Carnitine-acylcarnitine  translocase, CACT)E %3 vwEZ=g ol W2 (Inner
mitochondrial membrane, IMM)S. 2 <F&$HUT, vEZ=g ol 7]&(Mitochondrial
matrix)o| A AW o}ld7lE2UE S 2y ZuEY Aol FA-2(Carnitine palmitoyl
transferase, CPT-2)& &al ] AW o}ld-CoA= Hgste] M ERFSHB-oxidation)
AR Eo7kaL o] #ABFE Fal AUAE AFEETHGnoni et al, 2020; @Orngreen et
al, 2003). & L-7F2URE AWAbS mEZEgol ko2 {FYAl7]aL W EHESE &t

MUAZ 29 5 QA otk L-AZUR H3A7 AATH MAE g A9
Ao oA AT maw, A% BML SEd % A gadl mds e
Aoz Ueston 8 wAFelu wwk 4o AF, BMI 2 AL el F9

A &34 ol Atk (Askarpour et al., 2020; Pooyandjoo et al., 2016; Talenezhad, et al.,
2020).

QA W) L-oA=ude] $58 45 Auare] Rart AW o FolAA 7] wiol
e oGP VA FAAE Aol AaEol AUAE W] AAE A

EA Ate PEZEe W2 o gAACk s, ol L-7F=Ydo] At

& gwsts GuS s, vEZseloke YARIES S0l B IR o o
g AASIE b EE LAZUES AW 0§ AN AFRY GRAEA

(Pyruvate dehydrogenase) &< Ab=slo] A S AAgi}, o= 2= Aok

EHE FEL 24 AR FES FVHA ARA R - 7ad 5y 34
Aol 9k m A 4 9Jth(Karlic & Lohninger, 2004).

TEAR AES TSI He A9, 250 AR FaEo] YA 87l Frts)
= A9 Sole AFoy HEAE B3 L-7l24E AFH7F 2 ¥ (Fielding et al.,
2018). L-7F=2U"l 371 AA7F 558 ol mAe G defiM = B B84

A7 9J o™ (Ho et al, 2010; Parandak et al., 2014; Volek et al., 2008), =¥ "3 =
=
[e)

=
il
e

= 25 Wl AR A g 25 W 2R3 12 E A4, obAlECoA

facs
oo

of MFUA GriiAd BHE Y $F F Qe L-AZUd OA &3} Fol

(Brass, 2000).
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AgA+E AHEd, A4

s

L-A2yds £5¢ 1

N

N

e

H

SR

=
K2

A
2011).

kel
T

SERE

b eh44 7]

5]

6 g9 L-712

=
=

3

k

CF 200 old& T

=7t

-
R

$el 5

Fol7b AAek(el A=, 2006). Bl Wk T

s

N

s

SFA
5}

T 2g° L7t

2 8F3F 3t

R

’

=
=

Y

A1 4]

*

SARGREG L-7t=Yd A3 fJddA AT,

-
L

Aol A

Fo] 5(2021)¢]

2 g9 L-7t2Y

N

&, 2007).

ol
0

oh%

A

R

fad

A

o] 7}

60

3. AEEZ ¢

1) A3 (Metabolic syndrome, MetS)

)
B¢

el
ToR

(Kahn et al., 2005). thAFEFat& 3pA o] ¢

S~
o

ol

tHAlberti & Zimmet, 1998). thA}

g g 8kl

A o2 WHO A

R

—~
UO

)

o

FcHCornier et al., 2008; Dekker et al.,

S

2o 1 #E7F Qe

S 7A 7171
2005; Huh et al., 2019).

T

=
=

program adult

educational

cholesterol

NCEP-ATP M (National

-
s

] e} o 4

—_
o

treatment panel ¢ 7S vltEgo=2 vt

o EEARE g A 90 amold, oA 85 em o), LT AR50 mg/de o]

ok
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oz
kl
=}
k1
>
L
jur)
i
v=)
[
£
e
9
X,
N
S
=
S}
~
ol
=)
=

T o34 50 mg/de WIeh), a1E9H(130/85
mmHg °]d £ d4UsAE 5& ) 2 I FoH(100 mg/de o] = st

A 52 dedS 58 )9 7 =24 T A ol s wEGH tAS ST o R

At e § deAE2 dod FFHAde A ARew o=
of

RE

>

Fe

|

=

Ay
==

YA
-1

e
Fo

FH QR 2HZelE BEEd AR ¥ UEY 9B} NE 5 4P #
F Ggzolth 1 AFAABEA AekA EolAw Fxhe] 71577

Fob e, mebd e FRA2HE FAE FUFHE, Agvh 2 23S fu
shvl @t gwg o A% WA 99 F7NAH Tsao et al, 2022). BFAA

< A3 @mdol A | el webq HDL, LDL % TG= &+ ¥ thHAziz,

_,d
o
£

ol

i

Ho

2011). ==Y 2HEL HDL, LDL ¥ ZAUEAGWZY~HE(Very low-density
lipoprotein cholesterol, VLDL)®] A& 33t A& 5ot @9& mg/dlolth. o 1
A S adES Adadse o APAAR, FAVF molAH Aduds
of WAHEC] Fristal FAZF geopAld WA Eo]l FUtete JHAdVbe f1Ead
(Modifiable risk factor)o]7]lel = #g]7} & Q3sth(Magnus & Beaglehole, 2001;
Stewart et al., 1994).

=
3 JHGolbidi et al., 2012; Orchard et al, 2005). &% 22l 4+ HA A Q1K
g TG A+ vi HDL X% =4 YErYH (Durstine et al., 2001), &5 WA
St ko] AAFA, e Ed, € 2 TG 7X & 7AAZHH(Ostman et al., 2017).
TEol gAESET dale W dFE B dPATE AHEY, Yang T
(2011)¢] Hl¥ ATelM &5 F BML slel=
g, g9 2 TG FA7F 28tk Paoli 5(2013)2] AFolAEs FAlls Ad SA4S

a=}
2
oX,
=
o
(o
t
—_
¢
N
=
1o
Az
L
Mo
offt
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o dga dTAE = FoeA A E A
A& AAE Hagner 5(2009)0] 7oA+ &
T F ATy sgEd, TG ¥ LDLS #4893 HDLS S7ksksith uivk A ado
A 127770 5 AX = AARE F7 FAae "diEo] dad FX9 TC, TG, LDL
Sl VLDL Srobx]al HDLS ¥ =7 Yebst(Zorba et al, 2011). olA 7 ¥z <
Foll #ARle] & F HASSE g acle] AdE ARt EATH. 28y FE 0
A FEd Fo3 &S v AA K3 HEREA AFE EAsHH (Taylor et
al, 2004), #-5° Fwet At 271 AH, Ao Wste] wel g A ve
W =29 o x]7} A th(Fletcher et al., 2013; Ostman et al., 2017). H] & o] &gk o] x| 7}
T e Bxe AEREE dold, ol Addadse] o

%9,
nj
)
k1
e
oi\
XN,
i
off

of Fasths A PUFnE ol dAAAZS NER YAZTTE G AFEAA

’

TAMLe T8 Axdt(Haskell et al., 2007).
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of A= JAlel AFste A A ZFAF(Body mass index, BMI)7} 23 kg/m'

¢
rO
-

olgel HAFE A Mo, AT 197 AAAQ Eeleld el Aol gla A
4404 Agel P& A5 dPOR gk AFgdu gyadaasng &
(JNU-IRB-2021-084-001)<= & % &sda, 43 A didaelA a9 W&
54 s AuE F AuYon ol AE UA A Bitel BAAE A3
A% ik AAE BEEEAS 4 I 099 BPeFL-stEvY 4F A

o 9gos Tae) wAHdon 2 duke] AAH 54 <Table 1> 2tk

re

Table 1. Characteristics of participants

Variablos Group CTP (19) CTC (1#9)
Age (yrs) 27.33+2.87 95.00£2.96
Height (cm) 162.28+5.42 161.80+4.14
Weight (ke) 72.73+13.90 65.32+4.33
BMI (kg/nr) 2755463 24.97+191

Mean#standard deviation, CIP, combined traming+placebo intake group, CIC, combined traiming+L-
carnitine intake group, BMI, body mass index
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= dTe 5EEs Al L-7t2Yd Y A3V 3AF A4 A, A8 2 At
TF Y@ adle mAe aHE BAEAT 2 A= 729 w4 (Randomized), ©
A9 7 (Single-blind) 2 919F tiz7 < (Placebo—controlled study)®A], F2F9] iz
A7 (Randomized  controlled  trials, RCTs)E 3 Hiu  x <l
CONSORT(Consolidated standards of reporting trials) 2010 statement®] 7]<=o whe}
A A E A HSchulz et al, 2010). <Figure 2>oA = ®Hal A 3o we} 289 thAhAo
o Ale] o], F2e v E At g B oA o] F T gE e Aled i

Ao ok 2 olf 5L Jledtd AAA AT Aa H4 L B4,
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[

Enrollment ]

Participants (n=38)

*

L 4

*
*
*

Excluded (n=15)

BMI <23 kg/m? (i=6)
Musculoskeletal pain (#=3)
Training experience (n=2)
Other reasons (1=4)

Randomized (n=23)

|

Combined training +
Placebo intake group
(CTP, n=11)

Y

Combined training +
L-carnitine intake group

(CTC, n=12)

Pre & post test

Combined training program + Physical fitness
(3 times a week, 8 weeks) + Body composition
+ Blood

h 4

[

Discontinued intervention (2=2)
(1 due to employment, 1 due to
personal reason)

\

Follow—Up ]

Discontinued intervention (2=3)
(1 due to move out, 1 due to ankle
injury, 1 due to personal reason)

—\

Analyzed (7=9)
+ Excluded from analysis (2=0)

Analysis ]

J

Analyzed (7=9)
+ Excluded from analysis (z=0)

Figure 2. Study flow diagram
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A3 Aol M

bl eh(4:919

i<

i

5
A
4

= A4

=
-

[¢)

o

=
1=}

§ 1RM

1~4%% 50~60% IRM, 5~8%% 60~80% IRMO.2 AZ5a0e A
~45+ 50%~60% HRmax, 5

I

ode HEer

F 1

|

o

3

213 <Table 2>9 Zt}.
A

HAQ =l 60~70% HRmax =

bieh. o

=

o

44
b

&l
3l 7

=

o

sk71 <

179 AT $F

-

Alaksl o
5 (2007)9]

O
E A
2(2)
bl

=

3A
Gellish
%

(1957)9]

bt

=

0

3
T

W oA

=N

[e)
]
A th(Achten et al., 2002).

1RM(One repetition maximum)
b

}o] 8~153]
HRmax) &

S

F

9
i

2011). ©]

[

o

T

e
=

7FA 9] 714 &% (Machine exercise) 0.2 A3t o,

Al A

L=y

o,

A7

rate,
Karvonen

-(1)

Mo

206.9 — (0.67 < 1}])

= —
T =

Aldglk
= e

o

N
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Table 2. Combined training program

Contents Duration Intensity Reps x Sets x Rest Time Frequency
Warm up Dynamic stretching - - - 10 min
Leg press
Split squat 1~4 week 50~60% 1RM 12~15 x 3 x 1 min
Resistance Seated row ,
. 30 min
exercise Lat pull down
Chest press 5~8 week 60~80% 1RM 8~12 x 3 x 1 min 3 days /
Shoulder press 3 weeks
1~4 week 50%~60% HRmax
Aerobic Treadmill )
. . 30 min
exercise exercise
5~8 week 60%~70% HRmax
Cool down Foam roller - - 10 min

IRM, one repetition maximuum, HRmax maximum heart rate
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4. L-712UE2 2lof 43 9Y

L-7} 24"l (L-carnitine, GNC, Pittsburgh, USA)> &oF o] Aoz ol Ao}
o] 502D AAyA+E Faste] 19 2 g= &5 1A Aol AHASAL 250l

e dole wd ofH MHASAE skt (Parandak et al., 2014; Spiering et al.,

rlr

2008; Stuessi et al, 2005). YFol = &4 23 FAZ Y3t ¢ (Placebo)
o7 AAEXE=H (A I EEY Fitness farm, Hwasung, Korea)S #& Wy oz 43

A I THKIm & Cho, 2019). =3 X += wjd o}z L-7F24€la} ko] A3

—~

ofd, wi2E, AA A7, gudor]y], sHE A8 HAE AATA, EY
T

BN
L

o Z4e wE oF 9~114 Abojd] B Wz

(1) ¢+=(Hand grip strength)

o2 s oAURIE dHela F & JolA Rt "o AAAHA o
A2 A h FEA(TKK. 5101, TAKEL Niigata, Japan)e] 75 7]%te]
S et s shal, Fv 2 dA JAETIEY] =4 mite] gom A7z}l

HE% 2Asel 94 A%s AN F ZASAt #5294 Z4%e] A2

(2) ¥1<3 (Back strength)
e M A(T.KK. 5402, TAKEL Niigata, Japan)& ©]§3}e] 74319

W Sl WAL Bolw FF WL o 5 e A F, AT upEL F

_19_



01 ecm 9“9 2 71535

oFu}b

7] §lo] &tiel=

el Azto =z 7H 7k 2R A (F =2 )7 9] A E
o) 7} L 2t}

& gA
3] A HUAgS
590 7] 7] (Sit-up)
% A FEE
TAKEI, Niigata, Japan)$ol +9
Hell ZAE 71 el A, = <
k2 5lo] 187 o 3ttt
B 5 1 ~1E
S A&3te] Al

=]
StHE 28l HAEE AHAFHE A8 Al At o] 35 e ~H
1 THKeen & Sloan, 1958).

w571

(5) st = ~8 ®H A~E(Harverd step test)

Uk o B 303 £22 3587 .2y

30%, 28 ~2% 30%, 3™ ~3% 30x9 WHu4E 7] =3

A &8 A4 (Physical efficiency index, PEDZ At&3}]
3 FEAEFAITHE) X 100
1. O = 57
AMAGEEA] T = 5 % 38 A9 Z=0] 5 &2 -(3)
e oha wdE Agald- A

2 2247 (Inbody 770, Inbody,

2) A1 A4 (Body composition)
< S8 EdARE &

(DS-103M, Dong San Jenix, Seoul, Korea)2} A

=7
_20_
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Seoul, Korea)& ©]&3le] 2%, AlFz 2D AAFAHE S ATE T3 AAFHE
=25 ol &3ty EEHSY JHolEdE A sY-dHolEd HE

(Waist-hip ratio, WHR)S 4F=3}9)t}.

_l

3) AES I 98 2 ¢l (Metabolic risk factors)

(1) & (Blood pressure)
ol =42 253 ¢=47](OMRON HEM-770A, Omron, Kyoto, Japan)E ©]&

stel 35 Al FH/ALT o FA LGS ZH3Y

(2) FEd I (Fasting glucose)

TEEG Z4& & ddAE S A 1223 oY FEI 3079 IS
A & v SAE FHo d3lE AEHH} A7) (Acu-Check Softelix, Roche,
Manheim, Germany)& ©]-83sto] A3 & HAARA|o ddS FUAA7|L FH7]

(Acu-Check Guide, Roche, Manheim, Germany)S ©]-&3}o] =433t}

(3) %A 4% =(Blood lipid concentration)
deAdF5re SAES 98 WA 54 A 12413 o9 FEI} 3079

AL A3 & g7 RAEYR FEE 2d3ste] Mission Cholesterol Meter(Acon

2

Laboratories, Inc. San Diego, CA, USA)E Al-&3le #4310 FZd2HE, 5

AW % mAEATY FAsHES SPSHEOH, AYEAGY FdzHBe

Friedewald 5(1972)¢] ¥4/(4)E o]&3to] A+l
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5. A=A

H oo oA A& =g = SPSS for windows(Version 21.0) EAZ 21288 o] &3}
of BAeglom 7z WMol Hi(Mean)d EF+H2HStandard deviation)E ArE31S )

A

i)
>,
N
o
=2,
= 1
rot
ota?
folr
)
oo
M
1%
o
Ho
%
o
o,
=
87
B\
o
Shia
r >
>,
M
1%
—
=
S
=
Q
<
—
D
o
@
o)
=
D
[oN

measures ANOVA)S AAISHATh &5 48 d-¢ Jd 7ko Aol & vlulslr] 98 =
HitE t44d(Independent t-test)s AAleFHRoH, 7 At Yo 4] WsteFS gQlstr]
Aall U-e 22t (Paired t-test) s AASFATE BE 49 A4 FoFT(a)2 05

Z Skl
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HAY BAF el AY, AAFY L hA
71 A AAstgon, 8Fue ¢F A

ol\
o
=
Ho
)
ko
r o
=2
=)
N
rir
o
o
o
=
OE E.L;

=
o
EY

B

& o2 (Grip strength of the dominant hand)

B8eE A L-7l2YE HH o wE A& ofHe A ZHie <Table 3>,
<Table 4> 2 <Figure 3>¥ 2t} <Table 3>9 2% oo i3t It 7+ v

i

s A3, AP (t=270, p=791)3 Ab$-(t=.634, p=.535)el Felg o7t pERLEA]
ekgrrh ek W WES 293 Ax CTP(t=-982, p=.355)9 CTC(t=.028, p=.979)
B AR ARl folgh Apol7h vrebubA]l gtk <Table 4> k3t A]7]€]
FeAE ZIE Gl A Fo Ao]7t vEbA] FkThF=672, p=424). ¢
7F RS Fol gk Aol 7k vEhA] 9k o (F=223, p=.643), Al7] tlE f9
3k 2ol 7F YEbA] & kH(F=.091, p=.767).
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Table 3. The result of descriptive statistics and independent t-test for grip
strength of the dominant hand

Pre Post Total
CTP 29.10+5.37 30.22%6.78 29.66+6.07
CTC 28.35%6.30 28.3315.81 28.34+6.05
Total 28.72+5.83 29.27+6.29
t 270 634
D 791 035

Mean # standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group

Table 4. The result of two-way repeated ANOVA for grip strength of the
dominant hand

SS df MS F D n’
Between Subject
Group 15.603 1 15.603 223 643 014
Error 1118.032 16 69.877
Within Subject
Period 2.723 1 2.723 621 442 037
GroupxPeriod 2.947 1 2.947 672 A24 040
Error 70.126 16 4.383
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40.0

32.0

30.0

22.0

Grip strength of
the dominant hand (kg)

0.0

-+ CTP

ﬁ.; T

e

-

Pre Post

Figure 3. Change of grip strength of the dominant hand after combined training.

CTP, Combined training +placebo intake group; CcTC, Combined
training +L —carnitine intake group
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2) ¥ Al o3 (Grip strength of the non-dominant hand)

5es Al L-7tE2Yd AHd wE veAE oo 54 A= <Table 5>
<Table 6> % <Figure 4>¢} 7t} <Table 5>¢ & oo th3t At 7
& A3l AFA(t=-476, p=.641)3 A5 (t=.295, p=772)° f2le Z}ol7} EepA] ¢
sroh o U HetE g1k Ay CTP(t=-1.453, p=.184)2} CTC(t=.527, p=.613) &
T AR} ARSO] o] ZFo] 7 YERUA] gkokth. <Table 6>2] Hut3t A]7]9] A4
SAE 2dE FAg Ay, 7oF Aolrt yEtuAl SRATHE=2.048, p=172). H
st abol7F YERA] @k (F=.011, p=.916), A|7] {tdl%= <
gk o] 7F yEbuA] e SkR(F=.091, p=.767).

S
(&
o
=
>
k1
Ho
o
Of

Table 5. The result of descriptive statistics and independent t-test for grip

strength of the non-dominant hand (kg)
Pre Post Total
CTP 26.38+5.35 27.71+£5.53 27.04+5.44
CTC 27.50+4.51 27.06+£3.52 27.28+4.01
Total 26.94+4.93 27.38+4.52
t -476 295
D 641 72

Mean#standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 6. The result of two-way repeated ANOVA for grip strength of the

non-dominant hand

SS df MS F D n’
Between Subject
Group 490 1 490 011 916 001
Error 683.270 16 42.704
Within Subject
Period 1.778 1 1.778 025 A79 032
GroupxPeriod 6.934 1 6.934 2.048 172 113
Error 54.188 16 3.387

35.0
“on
=
e 30.0
O «
o o
= =
o) = —
= .
T g 25.0
] ‘B
2 5
ST
—
5 L 200
[e]
= NS
O
=
= T

oo’oo CTP
—|{1— CTC

0.0

Pre

Post

Figure 4. Change of grip strength of the non-dominant hand after combined

training. C7P, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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3) ¥l= (Back strength)

5395 Al L-7I2Yd AFHd w2 wi=ge 54 23 <Table 7>, <Table
8> % <Figure 5>9} Zt} <Table 7>2 v )3

hs

-

g% 2 WuE @ 4w,
AR (t=.209, p=.837)3 A}F$(t=-.433, p=.670)°l F+elgt pol7} YeptA] &t A
W WstE gRlst A3 CTP(t=-477 , p=646)9F CTC(t=-2.051, p=.074) B+ AFA
3 AbFol frol@ Aol UhEhbA 9Tk <Table 8> Mwkat A7l FEAE
92 BAH A3, FAF Aot YEbA FETHF=1.266, p=277). I¥ 7+ W3
A% fo % Aol7h LEEA gEom (F=014, p=907), A7) Tl % 913
7b LR gk reH(F=001, p=767).

ol
N
o

Table 7. The result of descriptive statistics and independent t-test for back

strength (kg)
Pre Post Total
CTP 69.72+23.52 71.72+24.94 70.72+24.23
CTC 67.55+20.43 76.27+19.28 71.91£19.85
Total 68.63+21.97 73.99+22.11
t 209 -.433
D 837 670

Mean * standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 8. The result of two-way repeated ANOVA for back strength

SS df MS F D n’

Between Subject
Group 12.840 1 12.840 014 907 001

Error 14435.111 16 902.194
Within Subject
Period 258.674 1 298.674 3.221 092 168
GroupxPeriod 101.674 1 101.674 1.266 277 073
Error 1284.778 16 80.299

110.0
< 900
=
% 70,0 @ CTP
o —O— CTC
2
A
S 50.0
m

Pre Post

Figure 5. Change of back strength after combined training. C7P, Combined
training +placebo intake group, CTC, Combined training+L-carnitine intake group
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4) A xFe]H 8 7] (Standing long jump)

B3 Al L-7k=Ud AHel o AAgEesY o 54 2= <Table 9>,
<Table 10> % <Figure 6>3 #t}. <Table 9> A EH o g Jo 7+
Hlag gk A3 AR (t=-.605, p=.553)2 AFS-(t=-1.396, p=.182)c F<& A}o]7} 1}
EfuA] ok FJa ol WstE g<ld 43, CTP(t=-.646, p=.536)¢ CTC(t=-2.100,
p=069) 257 ARH I} Aol Fofgh o] 7F YAl Fkth. <Table 10> et}
Al71el dazg 23E #s Ax, fFold Aoz uEruA e THEF=2.149,
p=162). A 3+ WSt A= ok Apol7b yEhbA]l 9k ok (F=.996, p=.333), Al
7] Zrell = sk Aol 7t YEFSTH(F=.091, p=.767).

Table 9. The result of descriptive statistics and independent t-test for

standing long jump (cm)
Pre Post Total
CTP 142.77+£14.25 143.88+11.65 143.32£12.95
CTC 147.55+18.90 153.55+17.19 150.55+18.04
Total 145.16+16.57 148.71+£14.42
t -.605 -1.396
D 053 182

Mean#standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 10. The result of two-way repeated ANOVA for standing long jump

SS df MS F D n’
Between Subject
Group 469.444 1 469.444 996 333 039
Error 7538.444 16 471.153
Within Subject
Period 113.778 1 113.778 4.546 049 221
GroupxPeriod 593.778 1 93.778 2.149 162 118
Error 400.444 16 25.028

165.0

150.0

Standing long jump (cm)

Pre Post

Figure 6. Change of standing long jump after combined training. C7P, Combined
training +placebo intake group, CTC, Combined training+L-carnitine intake group
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5) Sl& <2 7]71(Sit-up)

5EEs A L-7F2Yd" AHd e gudoer)re 34 A <Table 11>,
<Table 12> % <Figure 7>3} -t} <Table 11>° SiFdo7|7]d st A 7+
g gk Ay, AR (t=-.608, p=.552)¥ A (t=-.884, p=.390)l F<]g o]zt viE}
A gtk A ol MskE e Az, CTP(t=-1.237, p=251)% AP ARS-e
b 2ol 7 YA @gkod CTC(t=-4.082, p=.004)= AP BT Ao &Y
07171 BF7b o8t F7bekdith <Table 12>9] FAekat A 719 43528 g32
stelgt A, folst xol7k YERUA FATHF=1.757, p=.204). F& 7k WA=
93 2ol 7t vrEbLbA] ekok oM (F=568, p=.462), 7] 7tolE Fo3k Zpol 7t ihE
W oHF=.091, p=.767).

Table 11. The result of descriptive statistics and independent t-test for sit-up
(reps/60 sec)

Pre Post Total
CTP 15.56+13.43 17.00+14.46 16.28+13.94
CTC 19.22+12.11 22.56+12.08 20.89£12.09
Total 17.39£12.77 19.78+13.27
t -.608 -.884
D 052 390

Mean#standard deviation;, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 12. The result of two-way repeated ANOVA for sit-up

SS df MS F D 0’
Between Subject
Group 191.361 1 191.361 568 462 034
Error 5386.889 16 336.681
Within Subject
Period 51.361 1 51.361 11.240 .004 413
GroupxPeriod 8.028 1 8.028 1.757 204 .099
Error 73.111 16 4.569
40.0
§ 30.0
o
E"“?-\. -e L)
2 20.0 & CTP
o —0— CTC
=
£ 10.0
%
0.0

Pre

Post

Figure 7. Change of sit-up after combined training. C7P, Combined training+placebo
intake group, C1C, Combined training+L-carnitine intake group
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6) A4 &4 X% 4=(Physical efficiency index)

E53es Al L-7t2Yd A3 wE AAagAFe] 54 Ade <Table 13>,
<Table 14> % <Figure 8>3 Zt}. <Table 13>9] AATZE&AF W3t Ao+ 7t
s o AR, AR (t=-.107, p=916)3} AR(t=-1.491, p=.155)l o] ek xfol7h i}
EhuA okt A o ®sE g Ay, CTP(t=-2.355, p=.046)%t
CTC(t=-5122, p=.001) BT APz} ALFo| 2Aa&A57t FostA F7hskdh
<Table 14>9] {3} Al7]9] FE4g avE gdst A3, Fogk 2ol7b vehy
A SEFTHF=2201, p=.157). A&t 7+ W NE {3 2o]7t YEA gFekond
(F=.648, p=.433), Al7] ztell= Felgk zke] 7k WeERTHE=.091, p=.767).

Table 13. The result of descriptive statistics and independent t-test for

physical efficiency index (score)
Pre Post Total
CTP 50.65+7.31 94.67+3.92 52.66+5.61
CTC 50.96+4.81 58.29%6.12 54.62+5.46
Total 50.80+6.06 56.48+5.02
t -.107 -1.491
D 916 185

Mean#standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 14. The result of two-way repeated ANOVA for physical efficiency index

SS df MS F D n’
Between Subject
Group 34.732 1 34.732 648 A33 039
Error 858.127 16 53.633
Within Subject
Period 289.898 1 289.898  25.952 001 619
GroupxPeriod 24.592 1 24.592 2.201 157 121
FError 178.731 16 11.171

--#:- CTP
—O— CTC

Physical efficiency index
(score)
(@]
Lo
[a»]

Pre Post

Figure 8. Change of physical efficiency index after combined training. C7P,
Combined training +placebo intake group, CTC, Combined training+L-carnitine intake
group
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2. MATY

1) A% Body weight)

EEs Al L-7I2U" AF oo mE AFeo Wl A= <Table 15>,
<Table 16> % <Figure 9>¢} #Zt}. <Table 15>9] AFd tha Het 7k ¥ S 3
A3b AFA(t=1525, p=147)3 AP (t=1.722, p=.104)° 2|3t zto]7} vehbA] &
o A W ¥sE 8913 Ax CTP(t=.361, p=.728)$} CTC(t=-.031, p=.976) %%
A AbSl frolet zfelzh ERA] ek ghth. <Table 16>9 Heka} A|7]19] s
A8 s A A, A7 e F5AE oM fog o7t yElA|
e oktHF=116, p=.738). HA 7 WA E FoJst AFo|7} YERA okon
(F=2617, p=.125), A7 2ol %= 28 zto]7} JE}R] 9th(F=0.99, p=.757).

8

Table 15. The result of descriptive statistics and independent ¢test for body

weight (kg)
Pre Post Total
CTP 72.73+13.90 72.45+11.74 72.59+12.82
CTC 65.32+4.38 65.33+3.99 65.32+4.18
Total 69.02+9.14 68.89+7.86
t 1.525 1.722
D 147 104

Meantstandard deviation. CTP, Combined training+placebo intake group, CTC, Combined
training+L —carnitine intake group
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Table 16. The result of two-way repeated ANOVA for body weight

SS df MS F D 0’
Between Subject
Group 475.240 1 475.240 2.617 125 141
Error 2905.136 16 181.571
Within Subject
Period .160 1 .160 .099 157 .006
GroupxPeriod 188 1 188 116 738 .007
Error 25.862 16 1.616
90.0
®  80.0
Tgﬂ OOOOOOO ssssnne s w
S 70.0 @ CTP
f —{3— CTC
©
o)
[ 60.0
0.0 T
Pre Post

Figure 9. Change of body weight after combined training. C7P, Combined

training +placebo intake group, CTC, Combined training+L-carnitine intake group
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2) A& %A 4 (Body mass index)

B8 Al L-7t=2dd AFHd mE AddEATe] 54 dds <Table 17>,

<Table 18> % <Figure 10>3 2t} <Table 17>¢ A& ZEx| g that Fetk 7t ]

WE S Ay, AP (t=1.542, p=.143)2 AFS(t=1.763, p=.097)°l o8k x}o]7} LpERL

Akt FHdE ol wstE #Qlsk Ay, CTP(t=.333, p=.748)¢F CTC(t=.001,

p=1.001) B AREI} ApSoll Fofgh Zpol7b vhEbubA] ehgtth. <Table 18>9] &

# A7 FeAg aaE g A, {FoF Aolrb yEhuA & deH(F=.091,

p=767). At It WSt M= fol g o]t Al ko m(F=2.710, p=.119.), Al
Afo

17F e ek (F=.091, p=.767).

¢

ol

Table 17. The result of descriptive statistics and independent f¢-test for body

mass index (kg/m’)
Pre Post Total
CTP 277.55+4.63 27.45+3.84 27.50+4.23
CTC 24.97+1.91 24.97+1.74 24.97+1.825
Total 26.26+3.27 26.21+2.79
t 1.542 1.763
D 143 097

Mean#standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 18. The result of two-way repeated ANOVA for body mass index

SS df MS F D 122
Between Subject
Group 57.507 1 57.507 2.710 119 145
Error 339.556 16 21.222
Within Subject
Period .022 1 022 .091 767 .006
GroupxPeriod .022 1 022 .091 767 .006
Error 3.960 16 247
35.0
;‘E‘
2
‘; 30.0
D
E eeraeans evens .- CTP
% —— CTC
g 25.0
z
o
m N
0.0 T
Pre Post

Figure 10. Change of body mass index after combined training. C7P, Combined
training +placebo intake group;, CTC, Combined training+L -carnitine intake group
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3) A A ZEH(Body fat mass)

3o Al L-7124d A d e AAgFe] 4 Ade <Table 19>,
<Table 20> % <Figure 11>3} v} <Table 19>¢] A A W&o that He+ 7F vl
2 3 Ay APA(=1577, p=134)el= F98 Zol7b vEhA] ko) ALF
(t=2.392, p=.029)°ll= CTPRt} CTCOlA FolstAl s Jd W Wss &

et A7 CTP(t=1.325, p=222)% AP ARl frof gk zpo] 7 yEpA] ekgkond
CTC(t=8.388, p=.001)= AFH BT} ApFo] A ureFo] o8t 743ty <Table
20> Heay Al7le) HeAg gaEs gl A, et Aot vEuA sk
CHF=2.670, p=.122). A& 1+ Wt = {23k 2ol 7k YeElUA] 29k oV (F=3.776,
p=070), Al7] 7relli= ok Aol 7b vEbSth(F=.091, p=.767).

Table 19. The result of descriptive statistics and independent t-test for body

fat mass (kg)
Pre Post Total
CTP 25.42+7.56 24.67+5.94 25.04£6.75
CTC 21.03+£3.53 19.31+3.15 20.17+£3.34
Total 23.22+554 21.99+4.54
t 1.577 2.392
D 134 029

Meantstandard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 20. The result of two-way repeated ANOVA for body fat mass

SS df MS F D 0’
Between Subject
Group 214.134 1 214.134 3.776 070 191
Error 907.231 16 56.702
Within Subject
Period 13.960 1 13.960 16.994 .001 D15
Group*Period 2.151 1 2.151 2.670 122 143
Error 12.889 16 .806
35.0
o>  30.0
=
[#p]
« 25.0 ’.-...‘."'0'000.‘0-
g . ++@++ CTP
E 20.0 M —— CTC
.~
0
15.0

Pre Post

Figure 11. Change of body fat mass after combined training. C7P, Combined
training +placebo intake group, CTC, Combined training+L-carnitine intake
group
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4) A A5 (Percent body fat)

5325 Al L-7l2Y" AHd w2 AXNUEY 4 ZI= <Table 21>,
<Table 22> % <Figure 12>¢} #t}. <Table 21>2] AALEo| thst Hok 7+ vl

1=

S @ A3, AAEL300, p=212elE K@ Aol7t et ggtont A

tot o

(t=2.675, p=.017)°l= CTPEt} CTColA FolstA TZastdt Jd ol HstE ¢
o153t A3}, CTP(t=1.986, p=.082)F ALd 3} AFZ o] F<3k zxo] 7} vpEfLA] kot

2o Wan AslY REAE

o

3E Feld Ay, FoF Aelst vhewt
(F=14.817, p=.001). F&t 2+ ®WslolA = Folg zol7F vephb] eF ko H(F=3.783,
p=.070), A17] 7rell= ol & 2ol 7} Yk th(F=.091, p=.767).

Table 21. The result of descriptive statistics and independent t-test for

percent body fat (%)
Pre Post Total
CTP 34.44+3.68 33.73£2.92 34.08+3.30
CTC 32.08+3.99 29.60+3.59 30.84+3.79
Total 33.26+3.68 31.66+3.25
t 1.300 2.675
D 212 017

Meantstandard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 22. The result of two-way repeated ANOVA for percent body fat

SS df MS F D 0’
Between Subject
Group 94.738 1 94.738 3.783 070 191
Error 400.652 16 25.041
Within Subject
Period 23.040 1 23.040 48.007 001 750
Group*Period 7111 1 7.111 14.817 .001 481
Error 7679 16 480

40.0

B 35.0

3

3 300 € CIP
2 —O0— CTC
&

e

) 25.0

(a8

Pre Post

Figure 12. Change of percent body fat after combined training. C7P, Combined
training +placebo intake group; CTC, Combined training+L -carnitine intake group
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5) A AW (Fat-free mass)

@ Ao]7h JEUA

L-7t=2yd Al

we

A A] )2 2]

=
=4

<Table 23>,
<Table 24> % <Figure 13>3} #t}. <Table 23>2] A|A W] dhgt Aok 7+ v
& ¢ A¥, APE(t=1.239, p=233)3 AFF(t=.873, p=.396)°l f+2lg zto]7t HERLA|
ekt Aok ] WigE d9lst A3 CTP(t=-1.659, p=.136)= AFA 3} AFSd /9

=1

@ otout CTC(t=-4.386, p=.002)& APHE T} ASoll A A5 o]

Folsh FAhehAAT. <Table 24> Hgra A71e 3548 Tohe Held A,

% Aol7h e Th(F-5.445, p=.033). A&
A ok (F=1.137, p=.302),

p=.767).

A 7]

Zrol =

B Agl s fold 2ol7t v
felg Aol7h Ve THE=001,

Table 23. The result of descriptive statistics and independent t-test for

fat-free mass (kg)
Pre Post Total
CTP 47.31+6.70 47.77+6.18 47.54+6.44
CTC 44.28+2.93 45.78+2.91 45.03+2.92
Total 45.03+2.92 46.77+4.54
t 1.239 873
D 233 .396

Meantstandard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 24. The result of two-way repeated ANOVA for fat-free mass

SS df MS F D 0’
Between Subject
Group 56.500 1 56.500 1.137 302 066
Error 795.142 16 49.696
Within Subject
Period 8.702 1 8.702 19.722 001 092
GroupxPeriod 2.402 1 2.402 5.445 033 254
FError 7.060 16 441

55.0

& 500

Z=

[7p]

[7p]

S 450 --#:- CTP
o —O— CTC
k=

|
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Figure 13. Change of fat-free mass after combined training. C7P, Combined
training +placebo intake group, CTC, Combined training+L-carnitine intake
group
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6) =72 % (Skeletal muscle mass)
@& Al L-7k2Yd e w2 zAsEe 34 AdE <Table 25>,
<Table 26> % <Figure 14>%} #t}. <Table 25>9 FALZo] i3k Het 7+ v
£ st A, APA(t=1.192, p=.251)3 AF(t=.723, p=.480)°] 2 =to]7F YERLEA]
ot A Ul WstE dlst Ay CTP(t=-1.823, p=.106)= AP 3} ARl

2ol 7F yEbbA] kgl o) CTC(t=-6.011, p=.001) APARTE ALFof] 4 o]

Isl
SelstA Z71ekIh <Table 2659 Wkt A7lel 4548 Eng sels A
felgr Aol 7t ERhF-9380, p-007). A& 7+ Wkl A= fola Aol7h e

Uzl ko (F=941, p=.346), Al7] Zrell= Y3k Aolr7b yERETHEF=.091,
p=.767).

Table 25. The result of descriptive statistics and independent t-test for

skeletal muscle mass (kg)
Pre Post Total
CTP 26.17+3.63 26.46+3.36 26.31+3.49
CTC 24.58+1.67 25.57+1.51 25.07+1.59
Total 25.37+2.65 26.01+2.43
t 1.192 723
D 251 480

Meantstandard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 26. The result of two—way repeated ANOVA for skeletal muscle mass

2

SS df MS F D n
Between Subject
Group 13.814 1 13.814 941 .346 .056
Error 234.881 16 14.680
Within Subject
Period 3.674 1 3.674 31.283 .001 662
Group*Period 1.102 1 1.102 9.389 007 370
Error 1.879 16 17
32.0
“on
=
- 29.0
[#p]
[xs]
=
< 26.0 o ®ee CTP
@ —|1+— CTC
g
[xs]
T 23.0
O
M S
1%
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Figure 14. Change of skeletal muscle mass after combined training. C7P, Combined

training +placebo intake group, CTC, Combined training+L—carnitine intake group
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) 3] 8] =9 (Waist circumference)

E3es Al L-7l2Y" Ao wE FgsEdle A A <Table 27>,
<Table 28> % <Figure 15>9} #t}. <Table 27>2] slg]=dol sk Ho 7+ vl

A -

=

5 3 A¥ AFE(t21.243, p=232) A} (t=1.945, p=.070)°] F<lg Ao]7t YERLA
gt Jd Ul WstE glst Ay CTP(t=1.389, p=.202)= AP} AFSof 9]k
Zpol7h yERA] 9k ot CTC(t=3.230, p=.012)& AP BT Ao Fel &7 #
ofstA Atk <Table 28> Jekat Al7]9] 42§ a35 A A3,
1% Aol7b EbA ek tH(F=344, p=566). { F W HNE {23 o]7}
UERA] ek o (F=2.446, p=.137), Al7] 7ol folsk Aozt e tH(F=.091,
p=.767).

Table 27. The result of descriptive statistics and independent t-test for waist

circumference (cm)
Pre Post Total
CTP 83.36+13.68 81.00+9.35 82.18£1.15
CTC 76.61+8.88 73.05+7.91 74.83+8.39
Total 79.98£11.28 77.02+8.63
t 1.243 1.945
D 232 070

Meantstandard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 28. The result of two-way repeated ANOVA for waist circumference

SS df MS F D 0’
Between Subject
Group 486.202 1 486.202 2.446 137 133
Error 3180.890 16 198.806
Within Subject
Period 78914 1 78914 8.525 010 348
GroupxPeriod 3.180 1 3.180 344 D66 021
Error 148.101 16 9.256
100.0
E
~  90.0
4]
< 1
L 1 Qeeeea.,..
E—‘J o 0 '''''''' . . ’o . CTP
= 30.0
g C —O— CTC
[&]
= ]\[]
[&] T
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kS,
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Figure 15. Change of waist circumference after combined training. C7TP, Combined
training +placebo intake group;, CTC, Combined training+L -carnitine intake group
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8) Aol =¥ (Hip circumference)

EBes Al L-7l2Y" AdHe wE JgeolEde 54 Axe= <Table 29>,
<Table 30> @ <Figure 16>3} #t}. <Table 17>¢ dWolEd o] 3+t Hd 7b H]
wE G A, AP (t=1.310, p=.209) 7 A (£=2.094, p=.053)°ll fro] g Apo]7t pEht
A oekskeh Hd o Weks 3ld A¥, CTP(t=172, p=.867)9F CTC(t=1.198,
p=265)c AP ARFell {5 2ol 7b YAl @9kt <Table 18>9 et} A
719] dsg ans s A, fo9 2olrt YERGTHE=734, p=.044). I
b WSt = Fod Zol7b A ok o m(F=2.876, p=.109), A|7] Ftl% £
o gk zto] 7k VFERUHA] 2 9ktH(F=.091, p=.767).

B\

Table 29. The result of descriptive statistics and independent t-test for hip

circumference (cm)
Pre Post Total
CTP 101.88+6.60 101.77£5.71 101.82+6.15
CTC 98.58+3.67 97.55+1.99 98.06+2.83
Total 100.23+5.13 99.66+3.85
t 1.310 2.094
D 209 053

Mean#standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 30. The result of two-way repeated ANOVA for hip circumference

SS df MS F D n’
Between Subject
Group 127.314 1 127.314 2.876 .109 152
Error 708.201 16 44.263
Within Subject
Period 2.947 1 2.947 1.130 .304 .066
GroupxPeriod 1914 1 1.914 734 .044 .044
Error 41.734 16 2.608
110.0
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Figure 16. Change of hip circumference after combined training. C7P, Combined
training +placebo intake group;, CTC, Combined training+L -carnitine intake group
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9) slg]-dHol=d H]&(Waist-hip ratio)

B A L-7t=2dd A3 e sg-ddolEd nle 54 Z3= <Table
31>, <Table 32> % <Figure 17>¥ Zt}. <Table 31>¢] &g-FPol=dlol s
A 7+ v E sk A3 AFA (12946, p=.358)3 AF$-(t=1.417, p=.176)] 2]t *}o]
7F vebubA sk e Wl ®istE g 23, CTP(t=141, p=195)= AR 3 A}
ol folgk zol7t YERA] kokont CTC(t=2.91, p=.019)+ AR ALFo 3
g-gddol=d vl &ol FostA sttt <Table 32>9 F 3 A7) F5 2§
s g9 23, Fold Aolrt yEhAl SUATHE=218, p=647). " Ik s}
ANNE Fogk Ao]7b YERA] %o (F=1.396, p=255), Al7] Ttell= st A
o] 7} YEFSTHE=.091, p=.767).

Table 31. The result of descriptive statistics and independent t-test for

waist-hip ratio (%)
Pre Post Total
CTP 81+.09 J719+.06 80+.75
CTC J7+.07 J4+.07 0507
Total 79+.08 J76x.07
t 946 1.417
D .398 176

Meantstandard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 32. The result of two—way repeated ANOVA for waist—hip ratio

SS df MS F D n’
Between Subject
Group 016 1 016 1.396 255 .080
Error 189 16 012
Within Subject
Period 005 1 005 7.889 013 330
GroupxPeriod 001 1 001 218 647 013
Error 011 16 001

0.90

oo’oo CTP
—|{1— CTC

Waist—hip ratio (%)

Pre Post

Figure 17. Change of waist-hip ratio after combined training. C7P, Combined
training +placebo intake group, CT1C, Combined training+L -carnitine Intake
group
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3. HAISTZ flgedd

1) =718 % (Systolic blood pressure)

W

rr
=
=
o

o
w3
\%

B3 A L-7l2Y" HHe wE £3589 34 A
<Table 34> % <Figure 18>3} 2t} <Table 33>9] =7 el ha A 7+ v
WE S A, AP (=754, p=462)3F AR (t=-933, p=.365)°] #<l3 =

2 okt A ol ®etE g20d A3 CTP(t=2.63, p=.030)% APAXRTE AFF o] &=
Z71dtol oA gastd oy CTC(t=.231, p=.823)& Abd 3 Ao §-23 2}
ol 7} el A] ekttt <Table 34> ¥} Al7]9] 4524 ansg 2Ad A7
T3 o]zt YEA krhF=2686, p=.121). A 2t WA E f23F 2o
7t EREA @9k aF=016, p=.901), A7 Itell® frelgk zpolzh dpERUAl ¢
th.(F=.091, p=.767).

50

Table 33. The result of descriptive statistics and independent t-test for

systolic blood pressure (mmHg)
Pre Post Total
CTP 131.22+9.52 121.66£11.28 126.44+10.40
CTC 127.44+11.63 126.55+10.94 126.99+11.28
Total 129.33£10.57 124.10£11.11
t 754 -.933
D A62 365

Meantstandard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 34. The result of two-way repeated ANOVA for systolic blood pressure

SS df MS F p o
Between Subject

Group 2.778 1 2.778 016 901 .001

Error 2777.444 16 173.590

Within Subject
Period 245.444 1 245.444 3.902 .066 196
GroupxPeriod 169.001 1 169.001 2.686 121 144
Error 1006.556 16 62.910

140.0

130.0 L
| ji s+ CTP
120.0

—— CTC

(mmHg)

110.0

Systolic blood pressure

e

0.0 T

Pre Post
Figure 18. Change of systolic blood pressure after combined training. C7P,

Combined training+placebo intake group, CTC, Combined training+L-carnitine
intake group
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2) o]<k7] & et (Diastolic blood pressure)

23e% A Lb2ue A4Fd wE o9d8e 24 A%E <Table 3>,

S L

<Table 36> % <Figure 19>} Zt}. <Table 35>¢] o]g7]&t

-3
=
ot
o
2
)
=

wWE g A, AR (t=527, p=.605)7 AF$-(t=-.686, p=.503)°l &gk Zo]”

<
o
<

A ekokth. Aek W wEE #9d Ax CTP(t=3.809, p=.005)% AP R A
olgh71d ko]l folatA Hasd oy CTC(t=1.857, p=.100)= Abd 7} ALSo

zpo)7b YEFLFA] @kth <Table 36>¢ A w3 A 718 A5zg a3 g3 4
3}, ol Aol vERUA] eFdrHF=1.947, p=182). A& 7+ W foF 3}
ol7}b YElA] ko b (F=.001, p=.978), A17] It F93 o7t e
(F=.091, p=.767).

v
fy)

Table 35. The result of descriptive statistics and independent t-test for

diastolic blood pressure (mmHg)
Pre Post Total
CTP 85.33+10.36 75.00+7.51 80.16+8.93
CTC 82.78+10.20 T77.77+9.54 80.27+9.87
Total 84.05+10.28 75.38+8.52
t D27 -.686
D 605 203

Meantstandard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 36. The result of two-way repeated ANOVA for diastolic blood

pressure
SS df MS F D n’
Between Subject
Group 111 1 111 001 978 001
Error 2349.111 16 146.819
Within Subject
Period 529.001 1 529.001 16.091 001 501
GroupxPeriod 64.001 1 64.001 1.947 182 108
Error 526.001 16 32.875

100.0
90.0

’?.\n L) L)

F 500 .- CTP

E —O— CTC

Diastolic blood pressure

H

Pre Post
Figure 19. Change of diastolic blood pressure after combined training. C7P,

Combined training+placebo intake group, CTC, Combined training+L-carnitine
intake group
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3)

ol

¥ F(Fasting glucose)

B23es A L-7l2YUd AFHe wE FEIde =4 Aie <Table 37>,
<Table 38> % <Figure 20>3} 7t} <Table 37>9] F&E o] st Mok 1
2 3 Ay AP (21471, p=161)3} AFF(t=-530, p=.604)°l F<& o]z} vERLA
oottt A W W3S Feld Axt CTP(t=.785, p=.455)9} CTC(t=.163, p=.874) %
T AP AFSel ol gk 2ol 7 vhERUEA] & 9kth <Table 38> i Al7]e] A&
AL &dE gelg A3 Fog 2ok YEhA e okth(F=346, p=564). J

b oRgt M o7k Apol 7k yEhubAl &9k o(F=1.174, p=295), A7 el
o3k Zpol 7k yERA & kTH(EF=.091, p=.767).

Table 37. The result of descriptive statistics and independent t-—test for fasting

glucose (mg/d0)
Pre Post Total
CTP 98.89+£10.97 95.33+£13.22 97.11+12.09
CTC 92.78+5.91 92.33£10.66 92.55+8.28
Total 95.83+8.44 93.83+11.94
t 1.471 -.930
D 161 604

Mean#standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 38. The result of two—way repeated ANOVA for fasting glucose

SS df MS D n
Between Subject
Group 186.778 1 186.778 295 .068
Error 2546.222 16 159.139
Within Subject
Period 36.001 1 36.001 460 .035
GroupxPeriod 21.778 1 21.778 D64 .021
Error 1006.222 16 62.889
115.0
S 105.0
2
2 e
8 950 | | Tt sees CTP
3 — —O0— CTC
[i]
o]
E QOQ
= 35.0
(o]
I L
0.0 T
Pre Post

Figure 20. Change of fasting glucose after combined training. C7P, Combined
training +placebo intake group, CTC, Combined training+L-carnitine intake

group
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4) FZ9 ~H =(Total cholesterol)

53es Al L-7124d gdFd wE FFY2uEe 54 Aye <Table 39>,
<Table 40> 2 <Figure 21>3 #rt}. <Table 27>¢ ZZ#H~H 2 g3 Jo 7t
Hla g sk A3 AR (=675, p=.509)2 AFS-(t=-.476, p=.641)°l folgt ZFo]7} e}
vz ekgkoh, Jd o] WskE glst Az CTP(t=.823, p=.435% CTC(t=-.847,
p=422) BE5F AP ASo] Fof gk Zpo]7b vhEbUbA] edgkth <Table 28>¢] FH et}
Al71e) Az zg ZaE el Ay #Fod Aolrh yEuA e eH(F=1.370,
p=259). A Z+ Wt fFolgt Afeol7b vEhubAl 9k o ™ (F=.016, p=.901), Al
7] bl &= 787k Afol7F vl @ ktH(F=.091, p=.767).

Table 39. The result of descriptive statistics and independent t-test for total

cholesterol (mg/de)
Pre Post Total
CTP 244.33+66.86 2277.55+59.00 235.94+62.93
CTC 226.22+44.74 239.88+50.66 233.05+47.70
Total 235.27+55.80 233.71+54.83
t 675 -.476
D .09 641

Mean#standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 40. The result of two—-way repeated ANOVA for total cholesterol

SS df MS F D 1
Between Subject
Group 75.111 1 75.111 .016 901 .001
Error 75805.889 16 4737.868
Within Subject
Period 21.778 1 21.778 014 906 .001
GroupxPeriod 2085.444 1 2085.444 1.370 259 079
Error 24352.778 16 1522.049
310.0
%
=» 270.0
o
E L) ’. L] CTP
E
S
= 190.0
o
= d
0.0 T

Pre

Post

Figure 21. Change of total cholesterol after combined training. C7P, Combined
training +placebo intake group, CTC, Combined training+L-carnitine Intake

group
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5) W Ex ekl =9 A~ H = (High-density lipoprotein cholesterol)

&5 A L-7l24d AFd ad=xud IFH2eE 4 Ads <Table
40>, <Table 41> % <Figure 22>} # T} <Table 40>¢] nE =Xt ZYAHE
of tigt ek 7k HlawE 3 A3 AP (t=-1.380, p=.187)3 AF$-(t=-1.573, p=.135)°l
o Apol7h vyEbubAl ekskth e il WstE g9d A3, CTP(t=.334, p=.747)
¢k CTC(t=.020, p=985) =¥ Abda} Apgel Fog o7k yehbAl skt
<Table 41>¢] 3} A7]9] o2& aohs gl A3, Fogh Zol7t Yyt
Al FSHHF=.023, p=881). Het 1+ WA= Fofgt xol7} yEbLbA] gk ow
(F=2532, p=.131), A1 7] 7t = 23t Ao]7} YEUA] eAthHF=.091, p=.767).

Table 40. The result of descriptive statistics and independent t-test for

high—density lipoprotein cholesterol (mg/de)
Pre Post Total
CTP 67.78+18.38 66.66+21.61 67.22+£19.99
CTC 80.11£19.51 80.00+13.38 80.05+16.64
Total 73.94£18.94 73.33%£17.49
t -1.380 -1.573
D 187 135

Mean#standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —-carnitine intake group
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Table 41. The result of two-way repeated ANOVA for high—density lipoprotein
cholesterol

SS df MS F D 1

Between Subject

Group 1482.250 1 1482250  2.532 131 137

Error 9367.556 16 o85.472

Within Subject

Period 3.361 1 3.361 035 .855 .002
GroupxPeriod 2.250 1 2.250 023 881 001

Error 1554.889 16 97.181

100.0

80.0 i
Sesssssessssnnnn '.’.. CTP

60.0 T —— CTC

40.0

L

0.0 T

High— density lipoprotein
cholesterol (mg/df)

Pre Post

Figure 22. Change of high—density lipoprotein cholesterol after combined
training. C7P, Combined training+placebo intake group;, CTC, Combined
training +L —carnitine intake group
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&35 Al L-7h2Yd A3 mE Ad=AEE FH2HEY 54 Z2ds
<Table 42>, <Table 43> % <Figure 23>¥ #t}. <Table 42>9] AW=Xctul =
gz Ee] dig P 3F 8vwE A AHA(=1.061, p=.304)I AFF-(t=.071,
p=944)°l el zol7k uyEruA skrh. FJd Wl WsE gdd A
CTP(t=1.289, p=.234)¢} CTC(t=-.119, p=.908) =7 AL} Ao f2 3 Z}o]7}
EhA] @hokth. <Table 43>9] Hd ¥} A|7]e] 4248 aas Q3 da, fo
2ol 7 ERA] @ 9kTth(F=1.221, p=286). ¥t 1t WA= {Fogk xfo]7b e}
WA @9k o (F=.477, p=.500), A17] Ztoll = ok Aol 7h vhepubA] e oheh(F=.091,
p=.767).

Table 42. The result of descriptive statistics and independent t-test for

low-density lipoprotein cholesterol (mg/de)
Pre Post Total
CTP 149.22+57.93 126.33+£49.34 137.777+£53.63
CTC 123.26+44.99 124.84+38.63 124.05£41.81
Total 136.24+51.46 125.58+43.98
t 1.061 071
D 304 944

Meantstandard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 43. The result of two-way repeated ANOVA for low-density lipoprotein
cholesterol

SS df MS F D 1

Between Subject
Group 1694.694 1 1694.694 AT7 500 029

Error 56814.476 16 3550.905

Within Subject
Period 1021.868 1 1021.868 926 350 055
GroupxPeriod 1346.890 1 1346.890  1.221 286 071

Error 17656.262 16 1103.516

200.0

1500 | ..., s CTP
p e . _D_ CTC

100.0

Low—density lipoprotein
cholesterol (mg/dt)

L.

0.0 L

Pre Post

Figure 23. Change of low-density lipoprotein cholesterol after combined
training. C7P, Combined training+placebo intake group; CTC, Combined
training +L —carnitine intake group
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7) s A ¥H(Triglyceride)

53 Al L-7hEY" A & AL 54 Ad}e <Table 44>,
<Table 45> % <Figure 24>¢} #t}. <Table 44>°] A X W] gt ek 7F v
E 3 Ay, APA(t=726, p=479) AFS(t=-.057, p=.935)° Felgt A}o]7} yELEA
ot A Ul WstE glst Ay CTP(t=-1.034, p=.331)= AP} ApSo] -9
gk zfol7F YERUA] gk oy CTC(t=-2.672, p=.028)« AP B TE AFS-of FAd x| Ho]
froletA S7HstAth. <Table 45>¢] HJetah Al7]e] A48 ads &g 2,

fFolgk zpol 7} YEFA] Eth(F=.356, p=.559). It 7} W= Fo|3k 2oz}
YEA] K (F=.104, p=.751), Al7] Ftel&= Fs o7t YEFSTHEF=.091,
p=.767).

Table 44. The result of descriptive statistics and independent t-test for

triglyceride (mmHg)
Pre Post Total
CTP 136.67+£82.61 172.77+82.42 154.72+82.51
CTC 114.22+42.25 175.22+98.75 144.72+70.51
Total 125.44+62.43 175.49+90.60
t 126 -.057
D A79 955

Mean # standard deviation, CTP, Combined training+placebo intake group, CTC, Combined
training +L —carnitine intake group
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Table 45. The result of two—way repeated ANOVA for triglyceride

SS df MS F D bond

Between Subject
Group 900.001 1 900.001 104 751 .006

Error 138575.222 16 8660.951

Within Subject
Period 21218.778 1 21218778 5416 033 203
GroupxPeriod 1393.778 1 1393.778 396 .09 022

Error 62685.444 16 3917.840

essnuens® cssssnees® ..’oo CTP

—_{— CTC

Grip strength of
the dominant hand (kg)

Pre Post

Figure 24. Change of triglyceride after combined training. C7P, Combined
training +placebo intake group, CT1C, Combined training+l -carnitine Intake
group
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B odTE SAF 4 oS oo BEeE A L7h=ue 447 A, A

A4 2 AT Ag el ouet JdFS A=A FHEE] fg Aol
L-7k2Ud A3 oo wet 2709 Jaoz FAste], 877 fr-Fathd 5§
T A Y9Y 2 go L-7F2Y" §oks A & FRIs ARE g ow tgd
o] w=olstaal gl

1. AN

L-7t24d 2 Atk wepitsts gl mEZ=gol E AEbs o] sAA
ATP(Adenosine triphosphate) AAS v 7|soz & I8 EAolt}. welA
=4S Yol 7t2Yd 7S &5 9 gsE 52 AW diabel 93-S m
th HEAEA L-7l2YRe] 982 o] BAS qfRHo= AT AFstA AXE
7h2U” e sE7t F7bsttheE 7ol A tH(Pooyandjoo et al., 2016). o] 2 A <

e A4S 0 A2UR SRR TS A £55Y P 58e £ 5 9

FUH

7] w&o]tH(Chee et al., 2021; Gnoni et al., 2020).

2 A7 L-7t2Yd A3 o7 wE sludoy])re d3E BY L-7t=

A JoAA FostA sl ST ol A s AT ES

of L-7t2Yd A3 F Ao FE= 4T Bl dyATFo 7S

ot 7] T, 2011). T3 AYPAFEL F-AAE &5 Al F oAU L FHA

Watelw L-7124d e A= ExT o]&E A9 JRIHS w1 ZATY

o] gapHoleta vte A AaE A A5t vk Malaguarmera et al., 2007;

Pistone et al., 2003). L-7}24 ¥
1

& VAE okl CoAd HEF FHS T A, o ARHoZ ¥FH

22
s
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et al, 2003), +3A2% xte] =4 1= 7
(Ohara et al, 2018)5 3 FAFSE Aot & L-7t2URY HH= &5 Tl of
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g, 2 AFdA F Y B AT BMIo = ARl e s Zbol b gl
o] Alshammari (2011)¢] BMI7} 30 kg/m* o]l HIRE o5& o2 8F3F
o] fFAtaEE A L-7kEUd A3 fHda A4 22 A9 Aol ¢ BMIOl #¢
A7F ke AddATek AR Adtolth 2y AT Aol e AAEEe] &
oEa TALHLE FUtsle] AT BMIo= £33 Aol7t ¢le Aoz ol H]
TRl SR AR Wstoln, L-7tEY'E Y AHH el AolxdE oA %87
of ettt AaE HRlth & F3H8 A FEoly EFEs T AAWEe] 5o
war AA o]l FolE0] BMIZE S7F 52 FAHE A2 vl AP AolA
B ¥ v} dth(Alberga et al., 2011; Roh et al, 2020; Villareal et al., 2017). wz}
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<Abstract>

Effect of L—-carnitine intake during combined training
on physical fitness, body composition,
and metabolic risk factors

in overweight young-adult women

Oh, Jeong—-Heon

Department of Kinesiology
Graduate school of Jeju National University

Jeju, Korea

Supervised by professor Seo, Tae-Beom

The purpose of this study was to investigate the effect of L-carnitine
supplement intake during combined aerobic and resistance exercises on physical
fitness, body composition, and metabolic risk factors. The subjects of this study
were 18 overweight young-adult women with no exercise experience, and they
were randomly divided into two groups; combined training+placebo intake group
(CTP, m9), and combined training+L-carnitine intake group (CTC, =9).
Combined training consists of aerobic and resistance exercises, and it was
performed 3 times a week for 8 weeks. To investigate the effect of L-carnitine

intake during combined training, grip strength, back strength, power, muscular
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endurance, cardiorespiratory endurance, body composition, blood pressure, fasting
blood glucose, and blood lipid concentration were analyzed before and after 8
weeks of the experiment. Significant differences between group and period were
determined with two-way repeated ANOVA. Independent t-test was used to
compare the difference between the groups before and after the experiment, and
Paired t-test was performed to confirm changes within the group. The results

obtained in this study were as follows;

First, L-carnitine intake during 8 week's combined training significantly
decreased body fat mass and body fat.

Second, L-carnitine intake during 8 week's combined training significantly
increased lean mass and skeletal muscle mass.

Third, L-carnitine intake during 8 week's combined training significantly
decreased waist circumference and waist-hip ratio.

Fourth, L-carnitine intake during 8 week's combined training significantly
increased sit-ups.

Fifth, L-carnitine intake during 8 week’s combined training showed a tendency

to increase physical efficiency index.

To summarize the results of this study, the oral intake of 2 g of L-carnitine
supplement during combined training had a positive effect on body fat
percentage, lean body mass, waist-hip ratio, muscular endurance, and
cardiorespiratory endurance. But there was no significant difference in blood lipid
concentration, blood pressure, and fasting glucose. In conclusion, our findings
suggested that the combined training and L-carnitine intake is thought to

contribute to the improvement of obesity in overweight young-adult women.
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