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The purpose of this study was to examine the effects of interval aerobic training with integration of 

resistance training on health-related physical fitness and endothelial function in patients with type 2 diabetes 

mellitus. Thirty one type 2 diabetic patients with ages between 60-70 years, fasting blood sugar 125-140 mg/dl and 

HbAlc 6.5-10 % were divided into 4 groups: control group (C; n=8), aerobic interval training group (AI; n=8), 

resistance training group (R; n=7) and aerobic interval with integration of resistance exercise training (AIR; n=8). 

All of experimental groups performed 35 minutes a day, 3 days a week. Basic physiological information, health­

related physical fitness, biochemical blood value and cutaneous blood flow of every subject were evaluated before 

and after 12 weeks of training. To determine the difference between before and after training and among 4 groups, 

pair t-test and ANOYA were used, respectively. 

The results were as follow: In AI group: fat mass, %fat, waist/hip ratio, fasting blood sugar, glycosylated 

hemoglobin (HbAlc), homeostatic model assessment for insulin resistance (HOMA-IR), cholesterol, low density 

lipoprotein (LDL) and malondialdehyde (MDA) were significantly lower (p<.05) than before the experiment and 

those after the experiment of C group. Muscle mass, muscle strength, maximal oxygen consumption (YOzmax), 

high density lipoprotein (HDL) and whole glutathione peroxidase (wGPX) were significantly higher (p<.05) than 

before the experiment and those after the experiment of C group. In R group: fat mass, HOMA and LDL were 

significantly lower (p<.05) than those before the experiment. Muscle strength, HDL and glutathione peroxidase 

(GPX) ) were significantly higher (p<.05) than those before the experiment of the R group. In AIR group: fat mass, 

waist/hip ratio, fasting blood sugar, HOMA, LDL, triglyceride and von willebrand factor were significantly lower 

(p<.05) than before the experiment and those after the experiment of C group. Muscle strength, YOzmax, GPX, 

wGPX and maximum cutaneaus blood flow/resting blood flow were significantly higher (p<.05) than before the 

experiment and those after the experiment ofC group. 

In conclusion, AIR had more beneficial effects for improving health-related physical fitness, endothelial 

function and biochemical blood in patients with type 2 diabetes mellitus than AI only and R only_ 
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• y 

27 11 fffl~f11'j Ltl~ flULlifn..Jfhm ilmi9\'j1 f11'j i 'I1~~tl~l~tl~i''W fll'YllLij flff~W::~fl 

" '11 'W 1 

ntl'W 11~::'I1~~fl1'j'Ylfl~tl~~tl~mllJfllUfllJ fl~ lJ11tl hUfl11 UU'lh~ '11 ir flff~U LUl 

fl~lJ1Jfll~tJ'~lLH~l'W U~::fl~lJ1JOlLtl hUfll1Uu,h~'I1irflff~U1Ul~fflJ~ffl'W 

nUfln' ~11 H~l'W 'j::'I1'h~ntl'Wu~::'I1~~fl1'j'Ylfl~tl~ l1~::'j::'I1'h~flcilJ'Ylfl~tlL. · 84 • 
• y 

28 l1fffl~fl1'jLmflUlliflUthL~ ilmi9\'jlfl1'j i '11 ~'lJtl~L~tlfli''W fll'Ylllijflff~ ~"lfl ntl'W 

1m:: '11 ~~f11'j'Ylfl~tl~'lJtl~fl~lJfllUfllJ fl~lJ11tl hUOlluu,h~'I1ir flff~UIUl fl~lJ 

1Jfllf1tJ'~l1H~l'W l1~::fl~lJ1JflUtl hUOlIUU,h~'I1irflff~ULU1~fflJ~ffl'WnUfl1'j 

• y 

29 11 fffl ~ flU Ltl~ flU lli flUfhm iltJfl9\ 'j lfln 1 '11 ~'IJ tl~L~ tlfli''W fll'Ylll ij flff~ ~ "lfl ~ tl 

~W::~fl ntl'Wl1~::'I1 ~~f11'j'Ylfl~tl~'lJtl~fl~lJfllUfJlJ fl~lJl1tl h uOlI uu,h~'I1 ir fl 

ff~UIUl fl~lJ1Jfllf1fl'~l1H~l'W 11~::fl~lJ1Jfll1tl hUfll1Uuil~'I1irflff~UIUl 

, 

85 

fl'llJ'Ylfl~tl~...... . . ....................... . ... . . ... . .. . .. . . ..... . .. .. .. . .. . . . ... ........... 85 



, ... 
'Uflfl 1 

'Ufllh 

1 .... , ~ 1 .d ct • " .'1 .1 1 ' -='1 1 ... J' ~ 1 HlllJ11111'\.J'\.JlJ11LU'\.J Hll'H)::lHll'\.J1'\.J~1J1tJlJ1fi'U'\.J '\.JLL~'Cl::lJ 'If)'l!''\.J~'\.JLU'\.J 'Ifl 
",,, . 

L1fli' ~nl1 11 ~u'\.Jui1~ hjijiiif)l'i lYln i'mn 1 11'111tJ'UHl 1~ v'\.Jm 1tJ'\Jfl~ 1 H"lLlJ11111'\.J~f)1nYl 1I1fi 

" ...... .1 Wi" , " fl 1 fi l'i LL't1 'i fi C)f fl '\.J 't11 fi Yl '\J '\.J L Yl LL fi fi 11:: LL't1 'i fi C)f fl '\.J 't1 H ff 1 tJ ~ 1 ( Diabetic retinopathy) 

fil1::1L't1'ifi~fl'\.J't11~'~ (Diabetic nephropathy) fi 11:: U't1'i fi~fl'\.J 't11~'i ::lJm.h::ff1't1 (Diabetic 

neuropathy) 1 Hll1 'Cl flYlL~flYl M 11 11 (Coronary vascular disease) 1 H"ll1 'ClflYlL~ flYl fflJ fl~ 

(Cerebrovascular disease) hfl'\Jfl~11'ClflYlL~flYlri1'\.JtlmtJ (Peripheral vascular disease) U'Cl::u~m 
.l ... .k ~ .d • 1"'" Wi "... 0' , 
L'iflH1I1f)LUl1111'\.J (Diabetic ulcer) C)f~LU'\.Jmf)l'i't1m 11~iJ1tJ ImlJfl11lJ't1fi'\J't1'ilJ1'\.JfltJ1~lJ1fi 

~ . 
1 'iflLU11111'\.JLnYl 1I1fifl11lJ ~Yl tl fi~1 '\.J fi l'i Lm~'Cl 1q}Vi "~~1'\.J (Metabolism) '\J fl~fIl {1 U 1 gLYl 'i ~ 

ltl'i~'\.J LL'Cl::1'\J~'\.J ~~L~'\.J~'Cll1l111''i::~UJ1~1'Clfi'Cl lf1ffl'\.JL~flYlff~ ff1Ll1~~.yhl11'LnYl hfl'lfilYlt1 
~ ~. 

1~Url f)l'i'\J1Yl gfl{1lJ'\.J V'\.J 1~'\.J~~L~'\.J gfl{1lJ'\.J ~l'l111U1~U 1J1~1'ClL,j'1~LC)f'Clrl' f)l'i ~~li'U 
V'\.J1~'\.J (Insulin receptor) '\Jfl~LC)f'Clrl'L1l1111Jltlij ~1'\.J 1'\.J 'ClYl'Cl~ fl11lJlJfiVi ~ fl~ 1 '\.J f)l'i~ fllJff'\.J fl~'\J V~ 

tI _"t ~ " ~ .1. __ ,. 1.d <d ".d 0 CV " 

LC)f'Cl L 1J111lJ 1tJLlJ V\l fifi'i:: fl '\.J L L'Cl:: fi1 'i LVi lJ'\J '\.J '\J V~ gV 'i IlJ '\.J U 1 ~ V tI 1~ 't1lJ 11 '\.J 1't1 fi 1 'i 'Vl1~ 1 '\.J ~ 'i ~ O'\.J '\J llJ 

0'., ., "" 0' 
hormone) g V 'i llJ '\.J fi ~ I fI fI fl ~ fI fl tI Yl 

0'., I 0'., ""., 
(Glucocorticoid hormone) gV'i llJ'\.JO~fIlfieJ'\.J (Glucagon hormone) LL'Cl::O'llJgm IlJ'\.JUfI'Vl'Vl Lflm 

ij'\.J (Catecholamine hormone) (iq}t\j iim1U'\.Jtl, 2540) hflllJ11111'\.Jff1lJl'itl~lU'\.Jo1~1~'\.J 

4 tl'i::lfi'Vllm1i 1~LLrl IlJ11111'\.J'lfilYl~ I (Type I diabetes) IUl1111'\.J'lfilYl~ 2 (Type 2 diabetes) 
. " 

"" 0 "I 1 '" ... .-IU11111'\.J'lf'\.JYl1l1IVi1::fl'\.J'1 (Other specific type of diabetes) U'Cl::IlJ11111'\.J '\.Jff~'i~~m'ifi 

(Gestational diabetes mellitus) (American Diabetes Association, 2007) 

ff111 i' U 1'\.J tl 'i:: L'Vl ff1 'Vl tJL U 11111'\.J 'lfil Yl ~ 2 ~ f)1 ~ '\.J 'lfil Yl '\J fl ~ I lJ 11111 '\.J ~ Vi lJ 1 ~ lJl 0 0 11 
. " 

IUl1111'\.Jtl'i::lfi'Vlii'\.J'1 IlJ 11111'\.J 'lfilYlU lnYl1l10f)l 'i 'Cl Yl 'Cl ~'\J eJ~~ li' UV'\.J 1~'\.J 111 eJLC)f'Clrl'11l111lJ1t1 hi 
" . 

ff1lJl'i tl~VUff'\.J V~~flf)l'i m::9l''\.J 19l' eJthnJo~ l'l1 1 11' ~NO 1tJ 1l.i ff1lJntlU 1U 1~1'ClI,j'lrilC)f'Clrl'1~ . ~ 

" 'i::~uu1m'Cll'\.Jl~eJYl;~~~o11tlo~ (Hyperglycemia) (American Diabetes Association, 2007) 
" . 

fil1 :: U 1~ 1'Cl 1 '\.JI~VYl~ ~ijfll1lJ~lJ~'\.J 1i'lYltlm ~nu on ~q}liYtll1 U 1n'\Jtl~IC)f'Clrl'1J ~U~l1 'CleJYlI~VYl 
(Endothelial dysfunction) (Beckman et al. , 2007) l'l1111'm::9l''\.Jf)l'ilnYleJ'WlJ'ClVff'i:: (Free radical) . . ~ 

J ,. .:::. 1.r:1 old ... .! ~ -;:tl d tI 
lJ10'\J'\.J IYltJL~Vi1::f)l'ilfiYlff1m'llJmVfI'VlY1flflOC)f11l'\.JfflJC)fff (Reactive Oxygen species; ROS) 
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~huhny '~Un9!tJltJ~fmJn'C)f~ (02) 18~~~fl'C)f~ (OH) u~::'81~~I~'UltJ~f~~fl1C)f~ (~02) 
" 

ffn fl ~ 11~ 11 ~ fl Vi ~ ~ ~ fleil ~ 'U ffU ~~1l1 ~ 1U ~:: 1 tJ ~ ~ fl ei' ~ 91U ~ 11 W lC)f~ '" 1J mY.:j 11 ~ ~ ~ 1 f1 ~ ~ 
, 0'" e' QI ... " ",..., e' (Endothelial cell) ff.:jH~'VI1 l11C)f~~1JH'U.:jl1~~~m~~ 11ff1111Hlff~1.:jff1~ 'Umfl~~fl C)f~ (Nitric 

" l1~~~If1~~ff11~.:j hfl';! hfll1~~~If1~~~i1'UtJ~ltJ ~111";.:jijH~;1~fll~111tJ'\J~.:jU1~UHCl ''U~iJ1tJ . . " 
hfllU11111'U (Kunz, 2006) hfllU11111'U~i1~Vi 2 iJm'lU''Ufl~11fl'UViijll111,rfl1fi'UlJlm!1'U 

oJ QI "" QI, QI 1 ... ' ''' , "" (Overweight) C)f.:j11fl11~::~U '\J11'U 'U1Cl~~ ~Ufl fl~ij1~ffl;!~~~~ (Cholesterol) U~:: ;!~fl~lC)fij 

h~ (Triglyceride) ~.:j ~1~ fl~11 '~'h fl11::J111,r fl1fi'Ud~I'U i1 ~ ~ tJl ~tJ.:j ~ ~lTi\1J;1 ~fln lfi~ 
hfllU11111'U~i1~~ 2 l~tJ~l 'tJfll~~UCl~iJ1tJ~Ii1'U hfllU11111'U~i1~~ 2 J'U~.:jfl1~llr'U'11'ijfll~ .. .. 

(Metforrnin) l1~::fln U'U ::lll 1 11' ~~flfh~.:jflltJ ij,r fl1~tJl1mtJl'h'U '~1 11'fl1111ff'U 1 11 1 'Ul~~.:jfln 
I " I I 

~~flfh~.:jflltJVi'tf1tJYI'U~ij1fll~ '\J ij.:j ~iJ 1tJyi! iI 'U1 U 11111'U ~i1 ~ Vi 2 1 ~ un fl n ~ ij flfh~.:j flltJ .. .. 
lW hil flU U U;1 ij1 ~~.:j ~.:jl iI'U fll ~~~flfh~.:j fll tJ~ ij fln fl1U fJ 11 fl1111 11,r fl'\J ~.:j fll~ ~~ flfh~.:j flltJ 

(iJflfl1ufl11~lm);!~lfln 1~'U '\J~.:j111 1 ~~fl~'U ,r1.:jfl.:j~'\JW::~ ijfln1~.:jfl1tJ) .:j1'U 1~tJ'\Jij.:j 'C)fflij~ • 
UCl::flW:: (Sigal et aI., 2007) .... U11fll~~~fln1~.:jflltJ1W 1 ~ilflUUU;1ij1~ij.:j~fl111111,rfl 60 

" ltJijfl~'U~'\Jij.:jV;!~lfll~I~'U111 1 ~~.:jrr~Ii1'Ul1m 45 'U1li ijHCl~1 'Ufll~'lf1tJfl1UfJm::~11111\Pl1Cl 1 14 

lf1ij~ 1~tJm""1::fl1 1fl~ lfl~m'VIil11 lfl~ilu (Glycosylated hemoglobin; HbAlc) fll~m)fln1~.:jflltJ 

U~ 1 ~ilflLl1111'lf1.:j11,r flff~111U1 ~.:jli1U fll~~ijfln1~.:jflltJ~~ ijnl1U"" 1~.:j ~~ 1 fl""1l1~ ijtJff~U 011 fll~ 
III Q.I .J.c:::l c:t, Q.I , 

~~~::~11m111l1Ufl'\J~.:j.:j1UCl.:j111 (McArdle et aI., 2000) C)f.:jlN1U111tJ'\J~.:j~ijUU1UCl::fI\U:: (Jonna et 
." . 

aI., 2008) .... U11 flnij~fln1~.:jU1111Uij hilfl11111111,rflff~U1U1 1 11'HClli~";.:j 1 Ul~ij.:jfll~Cl~Cl.:j'\J~H 

fl1111~'U lCl11\Pl fll~I~11~U'\J~.:jfl1111~'Vll.:jU~ hilfl (Aerobic capacity) flnVi1.:j1U'\Jij.:jlC)fCl"''4H,r.:j 

... "" .x QI: "I """ • QI 1 1 " " d "" l1~ij~1Cl~~~'\JU lm::fll';ifl111fJm::~11U1\Pl1Cll~~ fll';i~ijflfll~.:jflltJ ~tJ '1l'11HIPllU flLlJUfll';iijijfl 
, JI , 1 

n1~.:jflltJli 'tf1tJYlUvJmfll';i '\J ij.:j~iJ1tJlili1Ul1111111U~iJ ~li 2 l'lfU 014 1 .... ';i1:: fln ijijfln1~.:jflltJ 1 ~tJ .. .. 
" " . 

1 ~ U ~ .:j ~ 114 ij H Cl;l ij fl1 ';j 111111;! 1 Cll,r 1 ~ 1 C)f ~ ",114 fl "" 111 1 i'1 ~ 1 fl ';j.:j 11.:j 1 ~ tJ 1 ~ 11;{ 1111 614 "l! il 14 
.," GI: .<d ... 1 Q oQ .1 . " 0 (Holten et aI., 2004) 'Vll l1fll~fl111fJm::~11'U1;!1~11U';i::ff'VIlifl1""1J1fl'\JU u~::m::~'Ufln'Vll ,nU 

e' QI ... 1 V.cI ... 1 Q Q J 0 IV 

'\J~.:jlC)fCl~'4HU.:jl1Clij~m~~ 1111u~::ff'V1lifl1""111fl'\JU (Cohen et aI. , 2008) U~::fll~ijijflfll~.:jflltJ 
" . 

U1111 Hff11 Hff1U ";.:jll1111Uij hilfl (ll1111;1~IU~-.1) n11fll';j~~fln1~.:jflltJ 1~tJ1 i'u H~lU 1I1fl-.11U 1~tJ 
"I • 1" d , 0 Q.I d Cl 1 ... & 

'\Jij.:j lC)fflijClu~::mu:: (Sigal et aI. , 2007) .... 1111 m·H"~fl11fll';jijijflfllCl.:jflltJmtJ.:j~U~ ~'lfU~l1U.:j 

" 1 14 fl1~fl111fJm::~ull1\Pl1Cl 
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~ . 
nTit:lt:lf)fh~~mtJu~~::1J':i::Lfl't1ijtJ':i:: ltJ')fu1lJn1':i~lJ~t:l1n1':i'\Jt:I~~iJ1tJVil~lJllJTH11lJ')fU~ 

... 'I i.d, Q.I I .::. J Q.I .: ",., 0 .d.:tJ' cal 

't1 2 LlJn~ nmll~nlJ 1')flJm':il'VnJ'\JlJ'\Jt:I~~1'\JlJff~lJ1~1~l'\J1~lC)f~~ U~::f)l':i't11~llJ't1~\llJ'\Jt:I~~1 

ri~fftyty1t1nllnfllJ'l!illJ (Insulin signaling) u~::m':it:lt:lf)fh~~mtJUlJlJHff1J~HnlJhrH~~~n'h yh 

1 M' ~1 ~ tJfflJ 1 ~ ~ ~::flmnn l':i t:It:I f)fh~ ~ f)ltJlL lJ lJ Hff1J H ffllJ lL~l rJ lJ f)l ':i Hff1J H ff1lJ ':i:: 11 'h~ f)l':i t:I t:I n .. 

~ . 
Hff1JHff1lJ ')fU ~ ijV~ i ~ ij ':i 1tJ~llJ f)l ':i 1 ~ tJ llJ ~iJ 1tJllJ11111lJ 1J1 nt:llJ 1 ~ tJ ~1 ~ tJfll~ 11th~:: 1 M' H~Vi~ 

~ ", 'I ~ " .... .. '" "" llJ f)l':i-nlJ~ t:Ilf)1':i'\lt:I~ fjiJ1tJ L lJ ;lllJ "l'\J ff1J':i':ifllJ:: U~:: l1lJ l't1f)l':i 't11~llJ'\J t:I~IC)f~~'4HlJ ~11 ~ t:I~ m t:I~ 

llJ ~iJ1tJl1Jl1111lJ ')fU ~~ 2 i 1l1Jlnn11f)l':i t:lt:If)fh"~f)ltJUlJlJ,$1~ 11 iT n ff~ lJ l1Jll ~ tJ~ t:I V1.:J l~ tJ1 11 ~ t:I .. 

f)l':illm1t:l hUmllJlJ,$1.:Jl1iTOff~lJllJ1 (Aerobic interval training) f)l':illn l~tJl~L1H~llJ 
v d 0 ~ 

(Resistance training) "l'\Jff1J':i':ifllJ:: (Health-related physical fitness) l1lJ1't1f)l':i't1H1lJ\lt:I.:J19HH''4 

HU.:Jl1~fl~lilt:l~ (Endothelial function) 

1. f)l':illmlt:l hUmllJlJ,$1.:Jl1iT nff~lJLlJ1Hff1JHff1lJO'lJf)l':i 1 ~L1H~llJ 1 M' m~t:lV1.:J 1 ':i~ t:I 

"l'\Jff1JnfllJ::L1~:: l1'U' 1~ f)l ':i -n 1.:J llJ '\Jt:I Wlf~ ~'4 HiT.:J 11 ~ t:I~lil fl~ 1 lJ ~iJ 1V~1 ~ lJ l1Jl1111lJ ')fU ~ ~ 2 

2. 0l':illm1t:ll ':iUnl1lJlJ,$1.:Jl1U nff~lJl1JlHff1JHff1lJtilJf)l':i' ~m .:J~llJ 1 M' H~~ml'\Jff1JnfllJ:: 
" d. .. '" "",".'1 d?t "" d 1 """ ~I 11~::l1lJ1't1f)l':i'YlH llJ '\Jt:I~IClf~~ '4HlJ ~11 ~fl~mt:l~ lJ fjlJ 1 V't1 IlJ lJIlJ11111lJ ')flJ ~'t1 2 ~~ m1f)l':i Hn 

L1fl hUnUlJlJ,$1.:Jl1iTnff~1JI1Jl 11~::f)l':illo 1~V1~I1H~llJ l1~t:I 1~ t:lV1~ 1 ':i 

1. nl':i llml t:ll ':i U Ol1lJlJ ,$1~ 11 iTo ff~ lJ IlJ1 Hff1J HffllJ O'lJ 0 l':i i ~U H~llJ i M' m'~~~ t:I 

"l'\J ff1J ':i':i fllJ:: L1~:: m.r 1~ 0 l':i -n l~llJ '\J t:I~1 ClfCl ~'4 HiT ~11 ~ fl~ lil fl ~ 1 lJ ~iJ lV~ 1 ~lJ 11Jl1111lJ'lfU ~~ 2 

2 . 011 llmlt:l hUOl1lJlJ,$l~l1iT Off~lJllJ1Hff1JHff1lJ O'lJ011 i ~U H~llJ' M' H~~~oi1f)l':i 

t:lflnn1~ ~01Vl1t:11 ':i U nu lJlJ 11 U 0 ff~lJllJ1 11 ~::n1':it:l flnn1~~ 01V 1~ vi ~11 ':i ~~llJ i lJl~t:I ~ 

"l'\Jff1JnfllJ::I1~::l1 U'1~ f)l':i-n1~llJ'\Jfl~IClf~~'4HiT ~11 ~fl~lilfl~ i lJ ~iJ lV~I~lJl1Jl1111lJ'lfU~~ 2 
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. . 
1. l~flfftl1:l1~H''lJfl~flll1Jtl1Lfll1iitlll'U'U·lh~lt,rmH''Ul1.J1f·H''lJH~lU t1'U fll l' ~U 1 ~~l'Ullij 

~fl"l'IJ ~lJ11 (l 'U~Ull~ It U' 1~'IJ fl~l9fll'" 'LlH,r ~ltllfllllt;flll 1 U ~thtJ~l flUl'Ullt 11'U 'lfiill~ 2 

2. l~fllm tJ'UllltJ'UHll'IJfl~flll1JtlUfl hiitlu'U'U'lh~lt,r tl~"'Ul'U1H~lJH~lU t1'Utlll 1 ~m ~ 

~1'U t1'Uflll1Jtlllfl hiitlll'U'lJ'lh~lt,r tl~"'Ul1.J11Lll~flll1JtlllltJ 1~u H~l'U~ii~fl"l'IJ~lJn(l'U ~Ull~ 

ltU' 1~'IJ fl~ l 9f1l"''Ll H,r ~lt II fllllt; flll 1 'U ~thtJ~ lflu l1.J1lt 11U 'lfii 11 ~ 2 

, y y y 

1. tl~lJ~1flth~1l'~' 'U tll1'V11l1l fl~lli' ~U l flUfl1~l~,rm"'~l~ff'lflt1Ull~l'YH1'lt ru~ 'lflJllJ 
• u 

l'Ullt11'U h~'Y'ltll'Ulll~Wlll~mW tlHl'YI'Y'llJltl'Um fl1t11~Wh~ 60 - 70 11 ~~thtllfl'U •• • 
hfll'Ullt11'U'lfiill~ 2 

2. ~1mh~1~'Ufll1fftl1:l11h~tlfl'U~1t1 
2.1 ~1U'l.h~'U (Independent variables) lfl'UrtlU'U'Ufll1flfltlfh"~fllti 3 l.h::lfl'YI~ 

'11" 'Umill::tl~lJtll1 'YIllllfl~ '~uri tl~lJtll1flfltlfh,,~tlltlllltl 1 ~u H~lU tl~lJtlll flfltlih"~tlltl •• • 

uflll ii tlU 'U'lJ'lh~ It,r tl~" 'Ul1.J1 lill:: tl~lJ flll fl fl tlih" ~ tlltiU 'U'U 'lh~ It,r tl~" 'U l1.J1 ~ ~lJ ~ ~1'U t1'U tlll • 
" 1~uH~1'U 11ltltl~lJ~1mh~~::~flw,j'111lJl'U hhumlJtlllflfltlfh"~tllti 3 fli'~~mYU1l1Mlflu • 

2.2 ~1UUHl1lJ (Dependent variables) U1::tlfl'U~1t1 
" 

2.2.1 ~1mh'Yl1~~'hl'Y1t11 1~uri 11llt,rtl~1 (Body weight) ftl~'lfUlJ11ltllti 

ijlPlllfllll~'U'lJfl~111h'IJOl::~tl (Resting heart rate) Ull::fl11lJfl'U lm11Pl (Blood pressure) 

2.2 .2 ~1UUltl11'YI1l~fl'U~'IJ~lJn(l'U~ 1~uri fl~rlUl~tlfl'U'lJfl~1Htllti • 
(Body " d Y ~ 

composition) fl11lJ U 'II ~ U HU 1l~fl11lJ flll'YI 'U 'II fl~ tl1l1lJlU fl (Muscular strength and 

endurance) fl11lJ U flU ~ 1 (Flexibility) U II ~ fl11lJ flll 'YI 'U 'II fl ~ l ~ 'U 'U 111 1 ~ U II ~ tllll11 tI 1 ~ 

(Cardiorespiratory endurance) 

2.2.3 ~1UU1tll1'V11l~fl'U~lU ~11;1lflii1U!t;fllPl lh ~tlfl'U~1t1 
" " 

- tll1 fl1'UfllJ1 ::fl'UllllPllll 1 ~uri tlll IPll1 ~ U11J1Ol 11llPllll 1 'U It;fllPl'IJOl:: • 
fllPlfl1l111!~'Ul1m 8 i1llJ~ (Fasting blood sugar) 1tllllfl~m'YI~1lJ 1tllliill U11J1Ol 1'IJlJ'U1Utt;fllPl 

" 1~u ri flll fllll mlPl fl1 flll 1IPlm~t9ffl h fi' ft lfl11lJ~ fl~ flfl'U CU~ 'U 1 IPltlf11'U 10l 'ill tlftltlll U1~tiJ'U 111 tI 
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~"''l "''I' ... 'I' 0 <I .. 
1li HJlJ Lflff1~~n (Homeostatic model assessment; HOMA) l~tJfl1'U1DHlln"lm"f1-31'Ylfl'H,\H)';i 

" u~::mu:: (Turner et ai., 1993) ~-3ij 

" tJ~1J1wih~1~ ''Ul~f1~ (iJ~ilni'lJ/l~C)fil~';i) X tJ~lJ1Wfl'U1il'U ('lJ lm~ij~/iJ~ilil~';i) 

405 

" QldCLI Q " Q ,,,. , '" 

- ~1~1~f1'4lJ~f1~';i::u~::~n~1'UfI'IH!~f1~';i:: ~11n lJ1~f1'U ~f1tl~fI 

,~~ (Malondialdehye; MDA) 11~::n~~1''YI1f1'Ul'Yifl';iflnC)flfl~ (Glutatione peroxidase; GPX) 
" . 

~n 1.1 -3;fm ';i "l1lJ L iYtJ'H U Tn" f1-3lC)f'C\ '" 'I.J ~nr -3l1 ~ f1~ 1 ~ fI fI , ~ u n 

Q Q tI ... .1 tI 
1tl'U1~~U'U'UflUnfll~f1';i (von Willebrand factor; vWF) 

" 
2.2.4 ~ 111 tJ';i"f1'1 m ';i'YI~ ~f1'Un n' 'H ~"f1'1 1~f1f1cif'U ~1'Y111 ijtJ~ i~un nn 

"d 0 <I ........ 'I' ' ''.1 <I ".1 <I 'YI fI ~f1'U 'H 'U 1 'YI m 'j 'YI 1'1 1'U" f1'1 I C)f~ ~ 'I.J H'U -3 'H ~ tl fI I ~ tl~ 1 ~ tJ 'lff.1lJ m W I~ I C)ffl ';i ~ f1lJ I ~ fI ';i (Laser 

doppler flowmetry) 

,.,,,. Q.I, '"~ 

1. Hl"1';i1lJm';i'YI~~f1'1~lJm ~H"n1lJm';i'YI~~fI'I .. 
" " 2. ~ I ~ 1 ~ 1lJ m ';i 'YI ~ ~ f1'1 \l:: , ~ i' 'U t!h;f 11 \l '1,j' 'U ~ fI 'U fi 1 'I '1 "f1 'I n n ~ 11 ij 'U '11 'U 1 ~ tJ 11 ~:: n n .. 

.. IQQ,lCIICV ""1 ,. d. "". ".a" ... 
lJtl'U~~1"f1'1fjl"n1lJm';i'YI~~fI'I lfl tJ~::LfItJfI 1m:: fjl"n1lJm';i'YI~~fI'I~fI'I~'1'lffl 'U 'UtJ'UtJfllJ" tl'l 

~1~1~ 1lJ' 'U'I1'U 1~tJnfl'UI~1~1lJm';i'YIfl~f1'1 .. 
....1 <I"". 0'" '1'.1 '" 

3. ~~fI~';i::tJ::n~l 12 ~lJfI1'H Hl"1';i1lJm';i'YI~~f1'1f1f1nm~'1mtJ~llJ llJmmlJU~::lJm';i .. 

" " 
4. m';i lInnn f1f1nfh~'1mtJl1'1~l1J:itJU 'U'U i 'U l1'1~llJn~lJm';i 'YI~~fI'I ¥ifl nnflflnfh~'1 mu .. . 

11f1 hiJml'U'U'lh'l'H,rn~~1JL'U1 m';i f1f1nn1~'1mtJ lf1tJ' i'UH~l'U u~::nnflflnn1~'1mUUtl h 

iJnu'U'U'li1'1'H,rn~~'UI1J1H~lJH~1'Un'Unnii'm'l,)'1'U iim';ifl'U~'Ui1'1mtJ (Warm up) 5 'U1Yi 11~:: 
" " ~tl'Ufl~ltJ (Cool down) 5 'U1Yi ';i11J:i::tJ::nml1'1ff'U 12 ff'tJfl111 ff'tJfI1l1~:: 31'U 
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m')";lfi11v hijfiU1J1J,r1~lnYmn'1JnJ1 (Aerobic interval training) l1lJlt1U~ m,)vvf1fh,,~mtl 

1 1" ... ~ 1" ~ ~.l .J" 1" ... '1 ~ _I ~w 'lfVVfi9fl~lJlU lJm::1J1lJm') 'If'VHlHllJ'Uv~mlllJllJ V9f~;t V~ 'lfVVfi9fl~lJ'lf1t1 lJ mH"lJ~lu 
" , 

ffll1l 1Jm,)ffmn1~ tlU lij.., m')vvf1th" ~mtlulJ~ mrvhi l'..r fl;t,)lm,)l~ lJ'UV~,r l' ~vdl lJ,r1~tJ,)::lJ1W 
85% 'UV~fl;t,)lm,)l~lJ,r1'~~~",!~ ff"uo1Jm')~.yh'..rflmlm,)l~lJ,r11~'Cl~MlJl'lJ,r1~tJ,)::lJ1W 70010 

'UV~flmlm,)l~lJ,r l' ~~ ~"'!~ . " 
m')";lfi1~tI'~UH~llJ (Resistance training) l1lJlt1U~ finvvf1fh"~mtlnl~'\.hl11rfi~llJ 

" " 
OU finVVfi11 H 'U V~ fin 11~'; 1'UV~ fif{ llJlii V ffll1 lU f11')ffmn1~ tlihhfin Nfi11~ 'Cl:: lC)f;t 1 ~ til ~ 

Jl'.l'Irfi~ffllJn()tlfi1~~~",!~ 6-8 flf~ v11l'h'Cl:: 4l9f;t l~tll~'Ylll1JlJl'Vi,)ff 'YlllulJnlvl1flfhi' 'Yll 

1;tw~tJfifill~fl 'Yll11VU l~ihY'Cllfif'Cl 1l'Cl::'Yllfffl1V'Yl 

fin Nf1llfl hijfillUU,r1~ l1'U fiff"UlU1HfflJHffllJ OU fin 1 ,*U H~llJ (Aerobic interval 

training with integration of resistance trining group) l1lJlt1U~ f11')Nfi~)jfinNfil~tll ,*llH~llJ~)j 
~ .. .J.. ~1 1" " ".dI " ~I 1"" , fl11lJl1lJfi'UV~~llJl'Vitl~m ~l~tl1'UV~f11Hm ~tI 'lfll H;tl'Ull'Cl1~~;tllJ~1t1f11,) HfiLlV ') U fHlUU'lf1~ 

mY fiff" Ul1J1~)j fl11lJl1 11 fi'UV~~ llJ 1 Vitl~ fl ~ ~ l~ tl1'U V~ f11') NfHlfl1') ij fillU U,r1~11 11 fi ff"U 11J1 

~ d' ~ ,", 
",!'UfflJ,),)()lJ:: (Health-related physical fitness) l1lJlt1()~ V~fltJ,)::fitJU'Yl~ 4 fltlN 1~Ufi 

" tJ~r1tJ')::fi tJU'UtJ~ ~ 1~f11t1 l'lflJ fin1~ tJ~lJ1W 1 'UillJ 1 lJ ~ N f11t1 1 tJ tJf1~lJ tl 'U illJ tJ~lJ1W fif{llJ 1ii fl 

" ..., '1 d " <'t 1 ... 1m:: V;t ') lff1lJ ') tJ U 1V 1;ttJ ff:: 'Vi fi fl11lJll 'U ~ll Hll 'Cl::fl11lJ tJ~ 'YllJ 'U tJ ~ fi'ClllJ 1lJ tJ ~ tI f11n~ fl11lJ 

d , ... 1 ... ," _I " ... 1 11 'U~ II H ~ ~ "'!~ fl11lJtJ fllJ;t 1 ~ tlfin 1~ 1I1fi'YllfilJU;t:: 1J 'Cll til 'Yll II 'Cl:: fl11lJ tJ~'YllJ 'U fln::u U111 ~ 

1m::f11,)111t1 1 ~ 1 ~tlfin1~ fflJ,),)()fl1'Vifin 1 ,*tJtJfi~l ~lJ ~ ~"'!~ 
",J 0 d' cv ~ • ~ 

l1lJ 1 'Yl f11 ') 'Yl H llJ 'U tJ ~ 19f 'Cl 'Cl '4 H lJ ~ 11 'Cl tJ ~ l'Cl fl ~ (Endothelial function) 111J 1 tI () ~ 

." " 
fl111J ffllJn () 'U tJ ~ 19f'Cl cf'4 H11 ~11 'Cl fl~ 1ii fl~ n v1111 U 11 ~ lJ'; 10lJ (Barrier) ,; 1fl1U fJ 1J f11,)'U 'U ri ~lh 

d' , I' ~ 4 ~ , t 

ffn 'Cl:: 'Clltl 1l'Cl:: 19f'Cl m:: 1111~'lftJ nN 'U tJ ~ f11 ') 111 'Cl11 tI'U m tJ~ (Vascular space) II 'Cl ::'lfflnl~ 'U fl ~ 
" . . 

1iimvtJ (Tissue compartment) v1111Uln1~'U19f'Clcf1ihl1lJlt1 (Target cells) ffl11lUffn'UtJ~1l1'Cl11'U 
, , d' .c:.)1 QI 1 . 
,)1~f11t1 (Humoral) 1m::f11');tVUff'UtJ~;tV1C)f'Cl'ClfJlJfJlJf1'U ')fl (Cellular immune responses) 'Yll 

l1U l~l~lJ'; 1fl1UfJ lJfin 11 ~ 'Utlltl'U tJ~l1 'Cl tJ~lii tJ~(Vasoconstrictors / Vasodilators) v11'111! 1~1~'U 

';1fl1UfJlJm::U1'U fin ~ U';1'UtJ~ 1 tJ')~ 'U 1 ~'U t1'fl'U~ 1J (Coagulation) 1m::f11') ff'Clltlvl1'Ufl~ 1 ~U~'U 
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d cl .. J .c:t. ':'1 d tI ~ Cl 

'H1flfl'YIllflflflC)f'~'HhJ'lfff (Reactive Oxygen species; ROS) 'I1lJltltN ffnfl\H!~flff'i:: 

fI~ lJ~ ijflfl flCi/, ~'U L rJ 'U fl ,ullh:: flfl1HhflqJ~lnfl ~'U 1 'U 'h~ flltl nl'\1 l' u fln ffm:ll1~ tld',h ::Lii'U ~l fl 
'i::~UlJl~fl'U'flfl~~'g~ 

1. lhhr'YI'ilU()':Uoj~'Ufl.:Jfll'illflllfl hiiflllUU,h.:J'I1Uflff~U'Ul fll'i1Jfllf1t11~UH~1'U 11~:: 

fln llflllfl i 'iii flU UU'lf1.:J '11 U flff~U' U If-lfflJ f-lffl'U tlU fln 1 ~m.:J ~ l'U ~ ij ~ fl ~'U fflJ 'i 'i (l 'U::U~:: '\1l~ l~ 

fllnh.:Jl'U 'Ufl.:J1C)f~rl' U f-lU.:J 11 ~ flfl Iii flfl 1 'Ur~t'htl~lrJ'UIU1'l111'U'lfijfl~ 2 . ~ 

2. 'th' ,r'YI'ilU().:Jf-l~Im tlU1Yitl'i::'I111.:J~'~ ~lflfln llfllifl hiiflU UU<tf1.:J'I1 U flff~UIlJ1 fll'i 

1Jfl i fltI' <Nu H~ l'U U~::fln 1Jfllifl hiiflU UU'lf1.:J'I1 U flff~lJIUlf-lfflJ f-lffl'U tlUfln' <Nu H~ l'U~ij~ fl 



1. hfll1Jl't'lll'U 

, 
.:t 

tJllll 2 

-H'Wll u1J~v ,uHbu 1 'lfll'Ull1ll'W .. 
-1.h~lfl'Vl~V~ htll'Ul'\1ll'W 

-lf1weni 'Wtll'l1i1~\1U htll'Ull1ll'W'I1i1~~ 2 

or::::. d cv I!:S" d 01 Q,I a 
-1 'Ul'\1ll'W 'b''U ~'Vl 2 tl1J tll 'l "lqjl'C1'U'\1 'W 1'Vl~ V W1H'l Cl'4r-1'W ~ '11 Cl V~1Cl V~ 

" . 
-flll~ UlmCl i 'Wlii V~ "l ~-nij r-ICl~ ~J1ClfCl" '4 r-IU ~ '\1 Cl tl~ liitl~ 

-tll'l 11 'l ~Iij 'W '\1 U l~ tll'llh~ l'U~ V~I ClfCl" '4 r-IU ~'\1 Cl v~lii tl~ 
.. v .. 

3. V~'J"6t1'')~ U"~t1'1')m'U6~'J"6i.n~ 

-Vti lqJCl fl'C1''l~ UCl~'C1'l'l~l'W tltilqJClfl'C1''l~n1.Jtll'lln~ htll1.Jll1ll'W'b'i1~~ 2 

-f1lnh~lij'W tltilqJClfl'C1''l~ UCl~'C1'l'l~l'W tltilqJClfl'C1''l~ i 'W~ihu htll'Ul'\1ll'W'I1i1~~ 2 

4. fll,)66flfhil~flUJ 

-'I1~tltll'ltltltltll~~tllU 1~uvt1 111 
-11~tltll'lVtltltll~~tlluiwHbU1'Ul'\11l'W'I1i1~~ 2 .. 

. " 
-tll 'l V tl tl tll ~~ tllUUtl h ii tl111.J1.J '\1 11 tl'C1'~1.J 1'Ul: tll 'l Htl-n'lilUYl 'W ~ 'V1l~ 'C1'~ 'l 1'Vl Ul 

~tl~ ~ihuritl'Wll1'W l'Ul '\11l'W 

-'\1~ tltllH)tltltll~~f)lUU 1.J1.J i ~U 'l ~~1'W 

-'\1 ~tltll'ltl tltltll~~tllU l~ui ~U H~l'W i W~ihUl1.Jl'\1ll'W 'lfi1~~ 2 .. 
-'C1'lJ'l 'l ()flWl'V1l~tllU 
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.. 
5. HU1~tI;ilfltll~tH 

-HU i ~ tlfl1tl hah:: nul' 

-'HU i ~ tlfhnh:: l'Vl ff 
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1. hfll1.J1'HllU 

UUllUll"tH~ihtJ llfll1.J1'HllU 
I • • SI 

11J11111\H~'U 1 'l't1'Yi'VnJlJ1nYi"l~ l'Uth::'1f1m Inn l'Uff~1'l'nJYi 21 il l~tJijf)1'jfI1~fI::L'U 

fl11lJ'l1n'\J6~~iJ1tJL1J11111'U~::L'vilJ~l1n 151 a1'UfI'U l'Ui! fI.ff. 2000 1~'U 221 a1'UfI'Ul'Ui! fl.ff. 

2010 (Amos et al., 1997) 11"::I~lJ~~()~300 a1'UfI'U l'Ui! fI.ff. 2025 (King et al., 1998) 

l~tJ,j'l'::lJ1W f)1'l'W ':h,j'l'::Il'lfffh~~~1'1l'U1l 'UUCl1Jl'l1,j161;tJ~::ijV~'l'1~iJ1tJL'U11111'U'1fij~~ 2 L~lJ .. . " 
~~Yi"l~l'U~1'U1'U'\J6~~iJ1t11'U11111'U11~l1lJ~ fi6 ,j'l'::lJ1W!mm:: 91 (Amos et al., 1997) l'U 

,j'l'::tl'lff'l'ltJ .... 'U~iJ1tJL'U11111'Ul'UfI'U~ijm~L' .. hti'U11~6lJ1nfi'h 35 i! ,j'l'::lJ1tu 2.4 al'UfI'U fi~ 

L~'UV~'l'1f111lJ'l1n!6tJ":: 9.6 l~tJ .... 1JVm1f111lJ'l1n'\J6~ hflL'U11111'U ~ ~"l~ 1 'UfI'U~ijm~L'yhti'U 
l1~fllJlnn ':h 65 i! un::~iJ1tJff1'UimYL~'U hflL'U11111'U'1fij~~ 2 (Aekplakorn et al., 2003) ~1f) 

ffi)9hJfl~m::l'l'l'1~ff11intu "l'U,j'l'::tl'lff' l'l tJ .... 'U'hVm1mtJ~1tJ 1 'l' flI'Ul1111'U i 'Uf)~lJ,j'l'::'1f1m 
" ~~~m~ 1i~u~ i! ..... ff .2535 ~1'U1'U 49.5 ~flUff'U,j'l'::'1flm i! ..... ff. 2536 ~1'U1'U 50.8 ~flUff'U 

,j'l'::'1flm iJ ..... ff. 2537 ~1'U1'U 57.2 ~flUff'U,j'l'::'1flm iJ ..... ff . 2538 ~1'U1'U 56.2 ~fl"ff'U 

'lh::'1flm i! ..... ff . 2539 ~1'U1'U 57.4 ~flUff'U,j'l'::'1flm i! ..... ff.2540 ~1'U1'U 48.5 ~fl"ff'U 

,j'l'::'1f1m ",,::i! ..... ff. 2541 ~1'U1'U 29.0 ~fl"ff'U,j'l'::'1f1m "n::~lnffi)~~iJ1tJL'U11111'U~I'li'11'lJ 

f)1'l'1mni'U h~""V1'U1"~1,j'l'::tl'lffi'Ui! ..... ff. 2544 .... 'lJ~iJ1tJ~1'U1'U 142,088 fI'U fi~I~'U 267.69 

~flllff'U,j'l'::'lnm (ff1'U'li'm.!"~11ffnffl1i1'l'tu "l'\J ~ht! m1'U,j~~m::l'l'n~ff11intu "l'U, 2534) i! 

..... ff. 2547 .... 'lJVmlf)1'l'liYtJ;1~i'U~iJ1tJL'U11111'U 12.3 fI'U~fl,j'l'::')j'lm 1 Uff'UfI'U (ff1'U'li'fllJ" .. .. 
~11ff1'l'ff11i1'l'tu "l'IJ "ht! f)~1'U ,j~~m::l'l'n~ff11i1'l'tu "l'IJ, 2548) 

" . 1 'l'flI'U11111'UI~'U 1 'l'flI~fl1 ~YiLn~ ~lmm'IJfl~fl11lJr:l~,jf)~'lJfl~m::'lJ1'U f)1'l'IlJ"'f1'lJfl~cjflJ 

1 "'I .. ...: i "'I .k ~ , i 
mf)1mff~~'lJfl~ 'l'fII'U11111'Ufifl lJ'j::~'lJ'U1m" 'Umfl~~~ C)f~I'Uw·m1l1f)fl11lJ'lJf)""'l'fl~ 'Uf)1':i 

oC:lCl Cl Q,lI .a ~ICl Q.J ..JJ'4 I 

r-I n ~ fl 'U tt!" 'U ~ 1 n ~ 'lJ fl fl 'U I I " :: /11 'l' fl fll1:: ~ fl ~ fl fl 'U tt!" 'U C)f ~ n 1 'l' 'f1 I'U fl' (J fl " ~ f) 1 'l' ~ fl 'lJ ff 'U fl ~ fl fl 
. " 

ij'U tt!~'U f)1':iYiij'l':: ~'lJlj 1~ 1" i 'Ulii fl~~ ~ I~'UI 1"1'U 1'U flfl i M'In~fl11::" 'f1 m~fl'U~ m ·m fl~Iii flfl"~ ~ 
d "'I i ' '\J 'U 1 ~'" f) (Microvascular complication) ",,:: 11" fl ~ I" fl ~,,~ ~ 'IJ 'U 1 ~ 11 ty (Macrovascular 

" . 
complication) '~Ufl "r-I" 17fl1 ~YiL'n11mn '~111tJ ""::fl11lJr:l~,jf)~'lJfl~'l'::'U'lJm~I~'Uml1n 

" 'l' ::'lJ'lJm~L~'U 11 ffffl1:: ':i ::'U'lJ iY'lJ~ 'U i ",,:: ':i:: 'lJ 'lJ,j ':i:: ff1l'l V~ 1 'U 11~ fl1'lJ fl~ , fl11 (J ':i 1lJ 11 ~ 

1 'l'fll11 i 11""::11 "fl~Iiiflfl 
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l.h::lllfl'\lM 11 fl11Jl1111'U 

',nnfllJ hflL1J11111"Hll1'HHlJlm (American Diabetes Association, 2007) '~11,j~ 

hfll1J11111"H)~f11tl\J 4 'b'Ufl fl~ 

1. hflIlJl1111\J'b'Ufl~ 1 (Type 1 diabetes mellitus) d~l\J hfll1J11111\J~ih .. rJ1inllUfllJl 

~ 1 fl m 1 ~ ~ mi ~ \J l1hn lJ THl H ~ fl V \J 1~ \J , A' ~ d H i \J L; ~ ~ ~ m ~ ihY11l19J lJ 1 ~ 1 fl fll1lJ ~ fl,j fl ~ 'Yll ~ 
JI 

~\J ~m1lJ m1~flL;f~' li'ffl1~~l11Jfll1ilrJfll1 '~i'1Jffl1~1:l1JH'b'Ufl 11~~m11fiflflll::1fl1 tlfl 
• JI 

l1fll1J11111\J'b'Ufll1 1 UffllJlHIVi1J '~1 \Jl'lfl1t111~ffl\J lmYVi1JlJlfl 1\Jl~fl 

2, hfll1J11111\J'b'Ufl~ 2 (Type 2 diabetes mellitus) Ltl\J'b'Ufl~Vi1JlJlfl~"lfl iiff11l19J~lfl 
• • , II 

fll1lJ1JflVi~~~ 1 \J fll1l1~~VtJCl!~\J fl~ l1~~V\Jcn~\J 1 \J,jllJltu l1U~tJ1fi\J',j 11"::/11~~fl11::~U~U 

V\Jcn~\J flU m1~l1im~u',JflU1Jff\JU~~uq'YIi'IJu~v\Jcn~\J ~~fl11::i~~~v\Jcn~\Jlfifl~lflfll1lJ 
• JI 

~fl,jfl~'Yll~~\J ~flnlJlm::u~ itl'YI1~ff ~111fl "",UlJ 1 'If\J fll1lJfll\J m1'IJlflfll1 U~flnl~~ flltl fll1~U 
JI 

~UV\Jcn~\JU111 , l1'1C)f " ,,1,JffllJ 11 mhfltllfl ffl\J lilufl ',j,rt~ 

3, hfll1J11111\J'b'Uflg\J'l (Other specific type of diabetes mellitus) ltl\J hfll1J11111\J~ii 

fflll19JlJl~lfl hflg\J'l ~111'l1'iifll1111"ltl1jvi'lLC)f"" (B-cell ) 1'lf\J ~1Jri~\JVf11ff1J ~1Jri~\J'~i'1J 
1Jlfll~1J (Trauma) fll1fh~fl~1JriU\JUUfl~lfl~1~mtl (Pancreatectomy) lJ::l~~ (Neoplasia) hrutu 

.... <!I ~ ".... <!I .. ?t " .J 0 '" ....: , <!I .1 Vi~Vifl (Cystic fibrosis) fll1 Lfl11Jtll111~ff111fllJ IlJ\Jfl\J 'YI'Y11 111::fl1J\Jlfl1" \Jl"~fl"l~'IJ\J~\J 
JI 

ti~' l1'Lfiflfl11::~U~UV\Jcn~\J 
JI .. ?t' 

4. hfltlJl1111\J'lJtu::~~m1fl (Gestational diabetes mellitus; GDM) IlJ\J hfll1J11111\Jl1 

"'" .1 ~ .. ?t .J , , , ....: , <!I , " "'" 
lflfl'IJ \J' \J 'lJtu:: fl ~ fl11 fl IlJ\J fl11:: 'YI1 H mtl lJ ffllJl H1 fl11J fllJ 1:: fl1J \J 1 fll" \J 1" ~ fl flfl 1 lJ,j flfl • 

.J .... ""'.1 , ~ .. ", .J .... .f ~ .. (Glucose intolerance) C)f~lJf11flfl'IJ\J \J'lJtu::fl~m1fl \J'b'1~ mlJlff'YI 3 11"~ff\J"lflfll1fl~m1fl 

~thtl~:: '~i'1Jfll1m 1~1::~1JJlfll'" \JliluflJl ~~ Ul~Vi1J'h~thtlii1::~1JJlfl1" hHilufl,jfl9l 
<J <J 

JI 

111 uii 1::~1Jl,hfll'" \Jlil Ufll1 ~ ~ Ufl Ull1111JflVi ~ U~ (Impaired fasting glucose) 111 m~\J 

hfll1J11111\J ,~ 

If1Wani'Ufl111ii,.,~tlhfll1Jl1111'U (American Diabetes Association, 2007) 
JI 

1~fl11'),1fl1::~1Jlhfll" 1\JlilUflffl'l1i'1Jfll11U ~litl hflL1J11111\J' \JU~~,:r\J ii 3 1~ flU 
JI • 

1. fl111fl1::~1Jljlfll"'\JVimfflJll1~~fll1~flm1111~dl~UurJ 8 i'11m (Fasting plasma 
I '" ~ .t::l.d, dO' ", " t .c:.d <!!I <II!l ~ Cld d , ... 1 Q,I , " .... glucose; FPG) IlJ\J1li'YII1\J::\J1 11 'b'lJlflfl111liU\J I\JU~1l1f11lJ\J1li'YI~ltl lJ1::11t1fl 11":: fl11Jfl11lJ 

~1lJlju~dH~1l1fl~ihtl 
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~ ~ 

ihmllfl\11fHY 75 fli'lJ (Oral glucose tolerance test; OGIT) 1~{jijfl11lJ'111ll::~11'Yn::lJlflfl'h1~ 

m fl 11 ~ ~,:un fl , U Y11 ,nJ ii ~91 

3. fl111~1::~1Jiflll1flcifmYl'81lJ1flllfill ~,ml1::L~V~ 1~tJ'~,;'v~,,r~ihtJv~m1111 LL~1~ .. 
ifv~'~ LtlU 1~~U U:: 1l1',r, ~l U fll1111 \l ~ tJ' u;J \l~~U Liiv~ \llflfll1~ 11\l1~' flll1 flciflll YI 

'8111 1fl II fill ijl1ll1tJ1~ LLll::11~1l::1~ij;J\l~tJ11Jfl1Ufl11m1\l1~~U~fl~1~tiu ~~ '~ffllJnt11l1~1l 

fl1'l~11\l1~\llfl1L~1l::,rvnJii~91fl1'llJl1m tJtJLnmJtiu Hi' mh~ i 1~~llJ fln1~1::~tJ 'flll1flcifmYl 
~ 

'81lJ 1flllfill \lfl '~ltludhl1lJlmL1fl' Ufln91~~llJfl11fl11J~lJ1::~tJ1l1mll' UL~V~ 

LflW Cfi'l U fln111~tJ 11fll1Jl1111U 1 U H'l l1ru~ '~l 'lfff~~~~fln.fl (American Diabetes 
.. u 

, . .... "': ,.... "".4 I ,,f , "'" AsSOCiation" 2007) flV 1::~tJU1~lll UmV~~HmlJ'l.IV'~"Vl1U~~V UU l1ll:: ~'l1Jfl1'l~'l1\l 
~ ~ . 

VUVUcHlflflfli' ~ 1 U 1unllln~1~tiu 
"': 1 .J , d .... 1. 1::~tJUlmll UVllllff1J1Y1L\ll::nlll ~fl~llJ (Casual plasma glucose 111V random 

plasma glucose) ijfl1L'l'htitJl1~v"l~fl'h 200 ijll~fli'1J/L~cif~m (I l.1ijll~llJll/~~'l) ~111ti1Jij 
~ 

mfl1mff~~"V~ l'lflltJl1111U '~un ;Jffffl1::UVtJ m::111tJ1l1UVtJ m1\lVltJ~1~ulu;Jffffl1:: 
~ 

Lm::1l111lJ flll~ l~tJ i~Vl 'lltJfflL11~ 

2. 'l::~tJ FPG ijfllLYhtitJl1~V~~fl11126 ijll~fli'1J/L~cif~m (7.0 ijll~llJll/~~'l) 
~ 

3. 'l::~1J1l1mll 1 UL~V~l1"~ flnVl~ffVtJfl1111VlU~Vfln i' tJU1 ::VllU flll1 flff ijfl1L'l'htitJ .. 
11~V~~fl11 200 ijll~fli'1J/L~cif~~'lrinli'1Jflu~ij'l::~tJ FPG ~~~fl11Ufl91 ;jv v~1U'lf1~ 100 - 125 

ijll~fli'1J/L~cif~m ~~L~tJfl11~11LL'Vl{'Yhff~~fl\11flff 11~V'l::~1JJ1~lll lUL~tl~~ 2 i1111~11"~fl1'l 
Vl~ffV1Jfl11lJVlU~tlflni'1Jth::mUfl\11flff V~1U'lf1~ 140-199 ijll~fli'1J/L~cif~~'l ~~L~tJfl -:h~lJ 

LLVl{fl\11flff'VltlL'lVLL1UCJf (Impaired glucose tolerance; IGT) u~v~i~~~Vltl~\l::'~i'1Jfln111\llltJ 
" . 

11LtlU 1 'l flL1Jl1111U ;J \l ~~u ~~L tlu ml11~ih::~1J1l1mll' ULtitl~ 1 U 'l::~tJLfftJ~~tlfl1'Hfi~ 

1 .4 l,f"" .J, '" 1 "" .... " 'lflLtJ11111U (pre-diabetes) 9f~flUflqlJUlJfl11lJLfftJ~ Ufl1'lLfl~ 'lfl111 \ll1ll::l1lltl~LllV~~ltJ 
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'''' 4 ct .J , '.ilil~N\H""iltlflliltlfl (11'tffJ1 'YltHUfI'I ll~::fflJ'tf1fJ LUfJlJVV'I, 2540) 
" ." 

L9f~"'IJ~,r 'Il1~Vfllt; VfI'H1VLU'U hl'Yh~ tJlJ fi V L9f~"i''UL~fJ1YiV~i''U' 'U "l"'IJV'I'H~Vfl1t;V" 
"' ... ,. II' I ... 1' 1I'.c:l1V ~ ,.s " 
lJmv" 'H~~,n'U19f~~V~fI~V"n~l IIJ11'119f~~~::lJ~fll.:lW::tnllfJf.J1'IJn1'1V~lJ'UWV'I1lJ (Basement 

.J ,~ ., l' .: 4 A IV II' IV 4 ~ 4 

membrane) 'YlV~~l'U lJ'U 'IJV'I L 9f~ ~ fl111lJ1 'U V L 1 tJlJ LlJ V'U lJ L9f~ ~ 'IJ ~'U 'I"" ~ V ~1~ V" 'Yl 'I ~1f1'H ~ VfI m V~ 

" 4i 111~:: 'H ~ V"1t;V~1IfI'I11lJ n'U..;'I 'HlJfI , 'U 71 'I f11 tJfI 'Ul11ij'IJlJ 1f1 11lJn'U 111:: 1J1W 3 in ~ fl i'lJ 

SI..t J OJ ... ...,U 1'Y1'U tl\llevilil~NU \I...,il tlfllil tlfl 

." " 
1. ";1'HU1YiL~'U~1n'U l~'U~1f11lJfllJf111'IJ'Ud'llh ffn~::~lfJ U~::L9f~"1::'H':h'l'iiV'I11'1 • " . 

'II V'I f111 i 'H~11fJ'U1t;VfI U~::'iiV'I1H'lJV'I1UV1liv 
2. Yi1111!1~1~'U19f~"Lil1'H1J1fJ ff1'H i'lJffn'IJV'IL'H~ l' 'U 71'1f11fJ U~::f1nfl VlJff'U V'I~V 

" .,." .., 1 L9fmu'.]lJfllJf1'U 1f1 

3. ";1'HU1~''Uf111L1I~fJ'Uu1l~'Iffn~1'1'l 
4. ";1'H U 1~ L ~ 'U ~ 1f11lJfllJf111 'H fI'IJ fJ1fJ'IJ V'I 'H ~ VflLt; VfI • 
5. ";1'H U1~L~'U ~1f11lJfllJ'lJlJ1'Uf111 ~lJ~1'IJV'I1 1I1~'UL~'U nV'U~lJ U~::f11'iffmfJ~1'IJV'I • 

. . 
~.ct. Q..I .ct. SI ct J Q..I .a 

1m..., 11 U ~U fI 'YI 2 OlJ m '1 \Ttyl ttll...,U 1 'YI'U tl'I L evilil1J NU \I...,il tl fllil tlfl 

hfl11Jl'H11'U'tfi1f1~ 2 Lnfl~lflm1::~71'1f11fJ91VlJff'UV'I~Vfl'U1!i1'U~91~'I d'l~~ iMij1::~lJ 
: ....K i" '"~ "'''' "':, ... 'U1911~''Um::1IffmVflff'l'IJ'U YllJ fl1I1::1J1W 95% 'IJV'I~ihfJ'YllJ1::fllJ'U1911~ 'Um::1Im~Vflff'l 

'" '" '" 
"':, ... '" .K • '''.,. d "..,... d 1::fllJ'U1911~ 'U m::um~VfI'Yl~ 'I'IJ'U 'Yl1 'HLf1f1f1111JlflL~lJ'lJV'IL9f~~'IJ~'U'I'H~VflL~VfI f1111Jlfl11llJ 

'IJV'I19f~"~'Iflri11nv'MLnflf111~f11fflJ'lJV'I'H~VflLt;Vfl911lJ1J1 (Croce el al., 2006 ) ij'i1fJ'I1'U11 

" . 
fl11::Ul911~' 'U Lt;V~~ 'Iijfl11lJa'lJ-w'U£iflfJ911 'InlJ fl11 ~\\JL*fJ'HU 1Yi'IJV'I19f~"'IJ ~U'l'H~Vfl1t;VfI 

i " , "'" " , . '" "' . .1 '" ~I '" " (Beckman et al., 2007) flfJm::91'U 'HlJf11'iff1Hffn 'Uf1~lJmVfI'YlnVVfl9fL~'UffIJ'tffJ 1I~::l1VfI • • 

.,""'..,. ... d i"" ... i (Gutterman et al., 2002) 'Yl1 'HmfJ'I91tJf111Lf1f1m1::'H~VflmtJflLL'IJ'I 1f1'111 1l11~::'I1~tJfl1~VfI 'if'! 
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" "HH)~I~{l~fflJ{l~ 1 Hl'~ hfll1'c1{l~I~{l~ri1lJ1.hntl 'l'1lJli~ih"''c1~{)fn'l'l11tl'U{l~1.1l~H1fm ilJNihtl .. 
hfll1Jll111lJt)n~1t1 (Kunz et aI., 2006) 

2540) 

n'c1' n~ll,;'~~ ~'U{l~fl11~Jlm'c1 i lJl~{l~~ ~~ri ~H'c1~{ll1t! l~filnh~llJ 'U{lWlfm''4HU ~ 
l1'c1{l~I~{l~ 'liffl1J1'l' fI'Yl 'l'11.1 '~mji~ LL~ijfflJlJ~!llJl1'c11rJ1.h~nl'l' i lJnl'l'{ln1Jltl '~un 

1. n'c1'mJ{)~9f{l{fi'Yl{l'c1 (Sorbital pathway) ld{l~~lnn~ Iflff~~IU~tllJlrllJ9f{l{fi'Yl{l'c1 ilJ 

", i . .cS A 0'1:4 .I! i ,: .;. "CII ~.;. 
19f'c1 'c1 'CY1lJ '11tlJ ~ ~ lJ fil'l' ff~ fflJ 'U {l ~9f{l'l' 1.1'Yl {l'c1 'U lJ 'Yl ~ lJ IlJ {l W{l11 'c1~ 19f'c1 'c1 '4 HlJ ~ l1 'c1 {l~ m {l~ IlJ {l 

9f{l{fi'Yl {l'c11 U~ tllJ hhrllJ ~ f n I 'Yl ff (Fructose) I ~tl1{)lJ '9f,J 9f{l{ fi'Yl {l'c1~' fJ 1~ 'l'~ LlJ 'CY (Sorbitol 

dehydrogenase) ~ ~'th i,r 'l' ~~1.1'U {l~'lJ I {l6lJ IlJ ~'Yl{l'c1 (Myoinositol) II 'c1~U an~ tll'U{l~ 19fL~ tllJ 

I ~lL'Yl'CYLCHtllJL{lViVi1{)'CY (NaIK ATPase) 'c1~14' {ltl'c1~ ~~ijH'c1~fll1 14' l~'U{l~L9f'c1"'4HU~l1'c1{l~I~fl~ 

2. n'c1'n'U{l~'~L{l~'c1nill9f{l'l'{l'c11U'l'~lJ'flllJffCH (Diacylglycerol-proteinkinase C) nn 

,J "" '" 0 1 ", "'" '" i": a ~ J' oJ '" , LU'c1t1lJlLU'c1~'U{l~ luHllJ flLlJff9f~~m l1 ~L{l9f'c1n'c1L9fm{l'c1 lJLlJ{lWm~lJ~~'UlJ 9f~lJHMI{lnl'l' 
a '<I!S';' Q,I: Jd 01"" a ~ 

f! {l1.1 fflJ {l ~ 'U {l ~ l1 'c1 {l ~L'c1 {l~ n 'c111f1 {l LlJ {l'l' ~ ~ 1.1 lJ 1 m 'c1 ff ~ 'U lJ n 11 ~ 'Yll l1 L9f'c1 'c1 'U {l ~ 11 'c1 {l~ LCl fl ~ 'Yl ~ .. 
"" ..: '" ""'.... """ "'" '" J' ,,: L9fClCln'c11lJllJ m'l' tl1.1 lLCl~L9fCl Cl'4 HlJ ~11 Cl {l~m {l~ HClf! ~1{)9fCl nCll9f{l 'l'{lCllJln'UlJ ~lnnl'l' l~l~lCltl~ 

" ... , 0 i"""':" ".... oJ ~ "i •. 1 
19f'c1Cl'Ufl~11 Clfl~m{l~ ~1.111 ~~'Yll 11lJHClf!{lnl'l' 11 Cl~ffl'l' ~lm9f'c1'c111 Cl {l~m{l~9f~ 'l' 1lJfI~ ! m liLll1f1 

If!{l{ (Growth factor) 19f If! 1m! (Cytokines) LlCl~ I U'l'~lJ'9f I 'YlffLflLClIPiCl (Cytoskeletal protein) 

,.:" 0i"Cl d 1 cv fI .a, ""l .d 
ffn1'l1ClllJCl1lJ ffl1J1'l'flm mn~ nl'l' LUCltllJlLUCl ~ lJ lUCln10Jw 'Ufl~ 11 Cl fl~m {l~fltl1~'b'l'l ! ~tltlln'Yl 

" f1lJmi1.1ri'CYfil~l~lJi1~lL~fi11~Ulf!lCln~1.1ri'l'~~1.1un~nmlJ .. .. 
3. nCl'n'U{l~lJfllJLfl'U'9flJl~n'nCllfiCHmi'U (Nonenzymatic glycosylation pathway) L~fl 

" . . 
';hUlf!lCl~~lUiltl'U'ULrl'UHilf!fiwcn'U{l~'U{l'UL{llJ'9f1J1~n inCllf1CHLClilJ 1'lf'U inCllflCHLCl'Yl 

~ IlJ I n Cl iJ lJ 11 Cl ~ 1 lJ ~ 'CY ~ L n ~ 1 rl 'U ~ 1 n 11 fl ~ 11lJ ~i n Cli fI CH 1 Cl i'U 1 {l lJ 1 ~ 'l' ~ n ~ (Advanced • 
glycosylation end-products; AGE) l~tlUan~tI1'Yll~lf1ijlrl'U i U{l~H hif1lJ n~1.1 (Irreversible) 

"i "i "'.:.. "i '" ",,: , 0 i" '" ... J' "i 11{l~11'U~ nCl Lfl9flCl'b''U1{)'U L~'l'~n9flJ~~'CY~fflJ{l~ m 11H'U~11Cl{l~m{l~11'Ul'U'U 11fl~11'U~ nCl 

I fI-CH1ClilJ lfllJ 1 ~ 'l' ~ n~~ l1~~ 1 ~l ~n'l'~11 ffl~{l~ii~Yil 1,r l1t! l~ 'U {l~I9fCl "'4 HU ~11Cl {l~I~{l~ 

lu~tI'Uiu l~tliU'l'1lJti1.111lJfllm~1~ (Macrophages) lrl'UHClYi11M'ijuan~tllf!{l1.1'CY'Ufl~ Ifwijf11'l' 

~ Cl~J, tier Cl fI 
l1'c1HYl 'l'11 Clltl'b''U ~1~ lJ'U 'U l'b'lJ 'Yl1lJ {l'l' l'U L fI 'l' 9fff11 ~fllf! fl'l' (Tumor necrosis factor; TNF) .. 
6'U If! fl {il1fi 'U l'U (Interleukin-l; ILl) Ll Cl ~ i 9f 1 f! i m.rt'U '1 11:1 'U HCl 1,rij n n 1 vi lJ fil'l' 9flJ ~1'U 'U {l ~ 

.... .1"'.1 Q '" Q .... 
11 Cl fl~1Cl {l~ (Vascular permeability) 11Cl~1 uCl tI'Uu uCl~ Cl'fI1'U~ f11 m 'U ~f!1'U fl~llJ~ICl tl~ f11'l' 'Yl~ Cl tl~ 
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U ~ffnufl~11'U~"'fl~ 1 fl~L~i'ULfl'U hn~flttf ill 1 ,rijfll'!i LU~tJ'UllU~~'Ufl~M ~fl~L~fl~fl~ltJflii~ti'u 
fll'!ilU~tJ'UUU~~M~fl~L~fl~~ViUl'ULU1M11'U 

~ . ~ 

~~U'Ufll'!iL~ll'!i::~uthm~ 1 'U1~fl~ijH~m::'YlU~flfl~ ifl'Ufl~M~fl~l~fl~ '~Mmtl'Yl1~ l~tI 

. 
_I .C\ " .:t 0 J..,.!I 

fl1·I1J'::I'J.J'U't'I'U1T1fl1'Tll~1'U'UflW.ilil~N'U~'t'IilflVlLiltlVl 

flnfffl'l:llflln;'~lmC}f~"'Lgm.J HU ~M~fl~L~fl~ i 'U ff~ 1'Yl~ C1 fl~l1~:: 1 'U 11 '4'1:1 vijM~ltl1~ 
, ,,. ~ .." ell ... .... "" d .... 
~l1fl fll'!iY1fl'l:llfll'!i~tyl fftlM'U 1'Yl 'U fll'!iM ~'Utl1tl~1'Ufl~M C1fl~1CW~ fll'!i Lfll::~~'U fl~Lll~mfl~'U11 

u'UihHC1fl~L~fl~ fl111l~~Ufl~i'Ufll'!iff!1~ffn~fl (Mediators) ~1~~ L'lf'U ''U~~flflflfl iC)f" (NOx) 

l1U'!i~~'Tl'U'U (Bradykinin) Lfl'U l~Yl~'U (Endothelin) flnff!l~l1~'U~llL~fl~ (Platelet-thrombus) 

,0' .;,..1 ~ " 1 """el 0 l1~::fllm'YlmH1'U'Ufl~LC}f~~ (Cell infiltration) LVill'U'U LU'U~'U ~tlflnU'!i::Lll'UM'U1'Ylfll'!i'Yl1~1'U 

'Ufl~LC)fC1"''l..JHU~ffl1l1'!i()m.h '~Ln'U 21~fll'!iM~flf)fl 

flnU'!i:::LlJ'U l~tI'~,)'fl~lhflnL~l1::L~fl~ (Non- invasive method) (Fernando, 2005) fll'!i 

" 0' _ I 0'.... ~ ""'" .k.k '" 0' , "i "0 ~'!i1~~1m~LC}ffl'!i~fl1J m fl'!i()f)LlJ'U 11if1nM'U ~ C}f~ '1HL ff ~mlC}fflHn'Ul ff'U tll1fl1'U111 ff 'I (Optical 
,II tI , 

fiber) 1~tln1'Uflnm1~~1t11~ihlff~mLC}ffl{~lfl1Vi'!iU (Probe) ~:::rifl~~l'U'UV'lLiiflL~fl l~tlij 
t I JI , I I 

ri1'U YlVhMU 1Ylrifl~~1'U' U v~lii flL~fl (Illuminating fibre) 11~:::ri1'U Yl111fln 1'Ufftyty1W Yl ff::nfl'U 

" fl~U1l1 (Detecting fibre) M~flflnl1N1'U'\Jfl~f.lUmW'lfi1~i1f)flri ~mLC}ffl{ ~1'U i ,jV'ILC)fC1"'L~~L~fl~ 
, , I II I 

l1~~Yl Lfl ~ fl'U Yl '\J fl'l~'UfhVl1Li1 tiff 11 C1::: l' U fftyty1W Yl ff:::n fl'U fl~ U 1111 ~ tim fftlM ~ fl fll '!i ~ fl,j m fl{ 111 
~ . 

, M'L'!i1ffllln()'Yl'!i1mj'm1fll'!i' M C1'\Jfl'lL~fl~~'Ufh'Yl1Li1t1ffhi' 1~Yl '~~~tl1fll1C1:::i1t11l111ti'U ~1t1 
tI tI 4 9/..:::..ct ~ 0 

mLC)ffl'!i~fl,jmfl'!i flflflni'lf11iflniJ~fl'U (Post occlusive reactive hyperemia; PORH) 1~tI'Yl1fll'!i 
~ t" IV _~ _~ Cl".a tI.d ~ .ck" Ci ~ GI 
1J~fl'UWJtlflvl'Yn'i (Cuff) U'!inWLff'U1C1fl~fln L 'Ylfl'!i'lf1'\JW::M 'U 'I 11~1~'1 flC11tlfln iJ~fl'U flflfl (~~ . ~ 

11 ff~ 'I' 'U l,jYl 1) 1~ i1 ffllln() 'Yl '!i1U ~~fl111lff11l1'!i () i 'U fll '!i~ flUff'U fl~'\Jfl~LC}f~"''I..J HU'IM C1 fl~L~fl~ 
.... d," 11)" '\Jfl'lMC1fl~mfl~11~'1'\J'U1~mfl ~ (Microvascular) L~ 
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v • 

1~f)l'iilflti'tJUtYfl~l::~'lJfll'l" 'H"l'th;~h.Jtl'\.Hj' (Biological zero; BZ) Vmlfll'l' i ml'IJfl~l~ flflfh)'u f)l'i 
v v 

ilfln'\.Jt1"mrll'h~ (Resting flow; RF) V91'l'lf)l'i'l1'fl'IJfl~l~flfl'IJW::,hf)l'iilfln'\.J (Occlusion period; 
Q.I ~ or.!t d.d ~ I d 

Occl.) flmlf)l'i m'fl'IJfl~l'flflfl"l ~"lfl'IJW::Vl1Jf)l'iflmtJf)l'iilflf)'\.J fltJH'l'1fll'l'1 (Maximum flow; 

... ~ '" ~ ~ ~ ... ~ ... "''''' ~ '" MF) fl91'l'lfll'l' m 'fl'IJfl~mflflIU'\.JflHl1'\.J~'IJ fl~ fl91'l' lfll'l' 111 'fl'IJ W::Ylf111'fl::'IJW::Vl1Jfll'l' 1 'H'fl'IJfl~l'fl flfl 
, " " , 

"l ~"lfl (Half flow; HF) l1'fl::'lh~l1'fllVii ~~~11~ fll'l'fl'fl ltJfll'l'ilfln'\.J fldl~'l'1fll~ 1()~';"H Vi ihl91'l'lfll'l' 

'l1'fl'IJfl~l~flfl"l~"lfl (Time of cross point with RF; TRF) . 
"" Vl1J1: Fernando, 2005 

fl1nh::lij'\.J 1flV,hfl1'l'1\11::1~flfl (Invasive method) f)11m1\l1fl'\.J1'fl~11'lJ'\.J11~m91fl{ 
QI?t .cu::t .d ~ ~ flo ".dd "Q.I d cv 

'\.J'lJ1U'\.J11ifl1'l'11'\.J~ (Lip et aI., 1997) 1fltJ1fl'\.J1'fl'fl11'lJ'\.Jll~m91fl'l' Vll'H'\.J1V11f)tJ1'IJfl~f)'lJfl1m'IJ~911 
v • 

'IJfl~l~ flfloU'\.J tJ j 1JfJ ij (Primary hemostasis) 1;j tll1 'fl tlfll~ tl fllnfl fll'l'ii f)'IJlfl11'fl::1 ffV111 tJ\1:: lnflfl11 

Z " 0'... "" ",,"" " lilfl'IJtl~')j''\.J i911C))''fl'fllJ H'\.J ~ 11 'flflfll'fl tlfl (Subendothelial matrix) \1:: m:: ~'\.J i l11f)flfll'l'! 'IJl1J11fl1~'IJtl~ 
d.!l a c:., ~ "4 Q.I! i" 

1f1'flfll'fl tlfl !Yltltlfl 'l' tl vn'IJ tl~'H'fltlfll'flflfl (Platlet adhesion) fl1'l' 1'IJ11fll~'IJ tl~ 11 'flflfll'fl flflf)'lJ')j''\.J 91 • 
!C))''fl "lJ Hl1 ~'H'fl tlfll~flfl flll'ltJ1tl'\.J 1'fl ~ 11'lJ'\.J 11 ~m91tl {1;j '\.J ~ 11 ~fl1J 1 fl tJ \1::1.,rl~ 'lJn'lJ' f)'fl 1 fl1 tJ 'l' ~'\.J 
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endot:helial oen ----. = } bloodvesse1 

. ... . 
'YllJ1: Lip et al., 1997 

subendothelial matrix 

Endothelial een 

. ... 
'YllJ1: Lip et aI., 1997 

~ ~ 

l1"".:1 Iflfl f)1 'j I ~11f)1:: n'U 'j ::l111.:1 Ifl~fll~ flflnU~'U' ~ 19H'I rl' 'lJ~,:r.:ll1" flfll~flflll~1 'Il'U fI fl \J 

'i-I...." '" d -'I" .... fI fl u ~:: I fl fI f11 'j fl'j:: ~ 'U (Platelet activation) l1Lfl" fll" fl fli 'U 1l.J11 f11:: fl 'llJ 'j 1lJ fl \J (Platelet 

.1 1 d -'I " ,,,...... "_I I 

aggregation) l.J1 fl 'U 'U fI til fl" fll" flfl ~:: Q fl m:: ~ \J l1lJ f11 Hl'.:I I fI 'j 1:: l111":: u" fltl ffn (Platelet 

secretion) l1"lt1'lfWflflflfll.J1 L~flm::~'Uf)1'j'j1lJfl~lJn'Ulm::1U~tI'U~ui1.:1~11fl.:l 1'lf\J 'Yl'jfllJ 11JL9f\J 

.J.d,., cv " c.~ rI 
1fl'Yl (Tromboxane A2) 9f .:Ilfltl1'Ufl.:lflU m::u ,)'U f)1'j ff'j 1.:11 .... " 'Yl m'Ylll flfl'YlL1'Yl.:llL~fllf1fl';j (Platelet-.. 
activating factor; PAP) fl::~1\JCM'Uifl~flff1~ff (Adenosine diphosphate; ADP) L9fh1'Ylu\J 

(serotonin) l1"::l1f1"LCMtJlJ (Calcium) L~'U~'U 
~ . 

') fl'U i"iillU \J ~11 ~fI Lfl fl {~.:I L ~ 'U ~ 1;f1f1l1 ff1Tl qj' 'U f11 'j Lfl fI fl111J Hfi U fl~ 'U fl.:l 19f" rl' 'lJ~,:r.:l 
-'I i"d l1"flflmflfl fIfi (Badimon et aI., 1993) 
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, 
~ ".Q, v .Q, ~ ~ .c::t 

6~1Jil6iI1~ Uil~iIl1Al'U6~1Jil6iI1~fltJfll1lfl~11flltJl't'111'U'V'U~n 2 

tl'4\1nVffl~ fitl tl~~tllJ IlJmfJn 111tlffn\Jl~fltl1J~ijvl~flmmH~(11tl~i'Utltl{finn1~ 

'Utlfltl~~ijn:~1JVfciHl'U ~~ 11lJO~tl~~tllJ'Utl~ 1~ l~lL~'Ulm~Vtltl'U 'Utl~ 1 nl1 ~Vlll'Ucii''Uri1'U 

'my 'Utlfl~lflrl'vn1lJO~ llJlnfJn'Utl~tltlflcil~'U~~u1Jl1L~'Utl'4\1n l~ll~ijvI~flmtl'U ~1'U1'U 2 

Q d 'Q d G.I '~Q d ~, I tlQ Q,I oC:l 

tlmfllPlltl'U U~n~tlmflmtl'U~~IWflfl'Utl~I1J'Utlmflmtl'Ul~W1 'U1I~n~tltl11JVln tl'4\1nmn~ un~ 

ffll~ 1~(11~ tl~' 'U VlH;11V1(11 ffl1J1HlLI'U~tltlfl1 ~'U 3 flri lJ1 11 oj fitl flri lJ~ijtltlflcil ~'Ul ~ 'U 
• u • 

01.1 0 ., , 4""1 1 ~ 01.1 
tl~fl1Jl~fltl1Jfflf1qj (Reactive oxygen species; ROS) fl'llJVllJ 'U ~ll~'Ul1J'Utl~fl1Jl~fltl1J 

(Reactive nitrogen species; RNS) LLn~fl~lJ~ijflntll'UI~'Utl~r1'\Jl~fltlmhTiqj (Reactive chlorine 

species; ReS) (itlm 1'lfl~~\J~, 2549) tl'4\1nVffl~ij1JVl1J1V1fflTiqji'Ufll~1J1'Ufl1'Hf1~ hfl ~~ 
l~tJ ~tJll1 ~'U tl~ fllllf1~ 11 fI Lln~ I ~'U il ~ ~(1n 1 i l1'1 1 flij~WJ tJlflll tldl~ l11Pl1 ~ 111 n ~ ijfl11lJ ltJlll ~ • • 

t~ ~'U ~ lfl fl1l ~ tl'4 \In Vffl ~ij fl11lJ 1 1~ ~ '~fI~9i 1 ,dtl ~ ~ 1 flij VI~ fl~ 1 tltJl~ (11' ~ ~ ~~J 'U ~ ~ 
Q d , 0 i Y.c::t Q.I ~ _'1 d Q 0 i" "" 

~ [Jl[JllJ111tl1n fllPll tl'U lJlfJVll l1lJ fl11lJm ~ 1'U'U L 1Jll1lJ 1 (111 1 flVl tl'4 \I n tl ffl ~ Vll l11fl~fl11lJ 

1*[J111[Jlln~l~tJfflll1~'Utl~fl1l1f1~ hflfltl ;1 IlJmfJn~fflTiqji 'U11~fl1[J~' 19itlfl1l\lflVVfl~'lPlcH 
'~ll n ft~1Pl ~1~tJ tl~r1'\J 1 ~fl tl1J'U tl ~ IlJlJl1J 1 'U 1 \J 1~'U ~ 1 ~ 'U V~ r1'\J 1 ~ fl V 1J 'U V~ ltl 'U , 9111 1191~ IIPl tl { 

ffn ~v\J 'j~ fflV1 lln~~lgtJltl ;1 IlJlnflnlmhrl' ij VL~ fl~l VtJ 111tlV~ IPl tllJ' ~ 1 IPlll ~tJ ~'HnlPltltlfl • • 
llPl [J~1[J 'th i l1' tl'4 \In Vffl~l~l i lhh\Jilf1~ [Jl llPlm~l ~1J~ n1J VI~fllPlltltJ 'U tl~;11lJmfJn 'H1tl~~ 

" Vl~fllPlltl'U 111tltl~lPltllJ'~ lmL~'UtlVfl~lfl;1 l1JlnfJnu'U'l mh1flv ft~1Pl l\Jl~tJ lln~~lgtJltl ~~ 
" \lfltltlfl~ilPl911~IIPl[Jtl'4\1nv ffl~ ~u~flnrull1 rilij nl i l1' ~ W fflJU~ II n~flnn 1~ l'U'Utl~;1 1 1Jln fJn 

. " 
~ ~ fl ri 111 \J ~ (1tJ i \J 1f11Pl fl11lJ 1J fl~ 1 tl~ 'H 1 tl \l fln In 1 [J fltJI ~ tJ ~ tJll1 ~'U tl~ fl1l1f11Pl h fI L1 tlf ~9i 1~ '1 

kJ f ~ " Q 0 i v.c::t oC:l Q 

1Pl1lJlJl fl11lJ LlJ fflJ~n'Utl~fl1l LfllPllln~fl1llPlltJtl'4\1ntlffl~VI1 'HlJtl'4 \I n tl ffl ~lJ 1fllfltJ fflJCfl n lln~ 

. " 
Lf1lPlm1~fil91n~llndHfl1[J\lfltltlfl~'lPlcH Ll[Jflfl11~ijl1 fl11~tltlfl~llPlfi~ mmff (Oxidative 

stress) m1~,y~flril1ij1JVl1J1V1 ntl i l1'1f11Pl hfl9iH'l '~lln fl1HlU~'H ntllPlli1t)lPllllPl~'H'Ul11n~ijfl11lJ . . 
a ,,,.a ~ evQ Q,I a °1" .a.c:t QJ Q 

[J1Pl 'H vtJ tJ t) vn ~ I tJ t)~ ~ lflfl n ff~ fflJ L 'UlJtJ VI ~tJ ~ 'H nt)lPlln t)1Pl Vll 'H 'H n tllPlm tllPllPl1J1Pl tJlfllPlfl11~'U 11Pl . 
li1tllPli1'UW~~fflJtl~lln~111 h hfll~V1n1Jfl1'jl~tllJ'Utl~lh~fflV1 hflnijll~lln:: hfllJ~l~ ~ l~tJ ., 

" . 
~tJ tJ tlfl~lflij flnij\J~lJ1W t)'41qJnVffl~fi'~ fflJCflnV~ fflJ~t.I1rnU"m~w~ 1 lf1'H1tltl1fl1'j~lPltJfl~ 
. " 

utJ'l ~~ij hmlni911lJt){ hfl~l{f1'UfftJ t)1fl1lfflJtl~1In~i'Uff'U'H"~flfllffU~lfl hflniJll~ hfl ., 
" " " n1v~tlfll1tlf~lPll1u~'U llPl'jlJ (Down's syndrome) hfl9iUflfllffU hfl'lim)fllffU fl1l~IPlI~tl1tl'b'itl1 

m1::11'Y1m~tltJfl'U1dV~1J1~lflllltJ llf1I1J1'H11tJ 1 lf1~tlm~~flll(l~ll~mntlV 
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" .. ,.. .... .. oJ.. , 
1. fl1 n, ~ cH '\I fl HI'l Hll 'IHI ~ lJ ~H) ff ~:: 1 'If'U n n 1 n ~ fl1 ~ mn f.Il'l 'U ~ C)f.:l lHH' m:: YJ'lJ ~ U 

, , I " 

Ifl'U iC)f,rYhhmrlli~1UfJlJilu.:Iti'U fll~lfi~flun~I~i''U ~1lJn.:lffl!'11~'YI1.:1 1fl'lf'Ulnn flU 'r\'i''Uffl~ 

" <Q 41!( " <Q QI " .. ~l'Ufl~lJ"Uff~::l1~Uffnm'UflVnC)fI~'lf'U~lnml1n lJll'lf.l.:ll'lU 

<Q <Q Q.::ld"~,,l Cl .oC.\ de:" 
2. nnLn~U~lJ"flff~::1l"::f.lMlf.l"'YILnf.l1'\1U.:Ill'llJ'\I'U fl~lJ"Uff~::1l"::f.I"~f.I"'YILnf.l1'1.1U.:I~:: 

.. .1 1 ' , ,~.... .. 1 .I".J i".... ~.. ... 
Ln~'\I'U 'Ufl11::91H"lI'lf'U fll~ ~l~UflflnC)fI~'U 'UIJ~lJ1W'YI~.:I fll~ ~~'UffnlU'Ul'll:! f.l111n 'uu . . .. ... 1 .cI Qd .Q Q "t Q.~ QI "4 
lJ"l'll:! l1~U 'Ufl11::'YI~::'UU'YIlJfll~f.I"91fl~lJ"Uff~::\lnm::~'U 1'lf'U ~ ::U'UtJ lJfJlJn'U \lnm::~'U 11 ~U 

fl11::VnLff'U 

d ttl QI 4 d ttlQ.I I '1"" .... 
fll~Ul~1 ~U'\I U.:IIC)f""'IJ f.I'U.:Il1 "fl~l" U~ nn'Ul~1 ~'U'I.IVWlf""~.:I nCll1n U 11ln~ fll~ flnL ff'U'I.I U.:I 

" 11"V~I~U~911lJlJl (Croce e1 aI., 2006) lJ~lf.1.:11'U-h fl11::Ul911" 1 'U1~V~~.:IlJfl11lJalJ~'U,j1~f.I91H 

" I~U~ hfll1"V~I~V~fflJV.:I hfl'91 hfll1"U~I~U~ri1'UtJ"1f.1 ~1lJn.:llJf.I"~Ufll~111f.1'1.1U.:J'U1~llf.l" 

1'UHthf.l1 ':ifll'Ul1111'Ufln~1f.1 (Kunz e1 aI., 2006) ., 

, 'U ~ .:Jij:}r'j91fll':i~ilYl~\lnuun~'~i'1 ~f.IV'4lq!Cl Uff':i :a~ vn -h n ~::U 1'U fll~ ilYl~ltJV{ uun~ 

l~i'U 1~'U m ::'U1'U fll~ ~m~' 'I.I,j'U'lfU ~ 'liglJlP11 ll"::vJV ff 1 vJilYl~lfi~ fll'H~VlJfffl1'Yll1~UI fff.l 
... 1 ...... 1'.,"" .... '.1 .. , .. .1," ....... , 

fffl1l'l~lnnl':iLn~IJtlmf.ll~n C)f 'YIl 11ln~"'Yl~ gIIJV':iUUn C)f~'I.I'U 'U19f""llJlJl'U~'U l1~V"'Yl~ 'U 

I~V~ u"::''U'I.IU.:J!'I1''1''Ull.:Jfllf.l~'U''lI~'U~'U U'4lq!"Uff':i::l~V.:J 1 V~lJClff1lJnflYh,,rln~ilYl~ . " . 
ltJU{ vun '9f~ 1~'U ~1'U 1'Ul1CllvrUf.l1lJlClfJClflv'Ulill:: ff'U "!~tJ~fi~ V1 I'UV.:J1I1ntJ~n~f.I1ilYl~ltJV{ 

<Q. Q.I .QJ,JI' Q.I a' 4 "Q,Q. ~ 0'"'' VUn9fI~'lf'UffllJnflln~'\I'U ~.:I1f.1n'UI9f""llJlJl'U':i'U'YItJ':i::nV'U~1f.1"'Yl~ 2 'Jj''U 1I"::'YI1 111n~ 

" ,.,.. .,j , .. oJ ,.J' • " .. 
'\IVlV1.:Jn11.:J tJ V.:J V'IfltJnnU'U U'U "l fl1f.1 'U19fCl" 9f'l m::'U 1'U fll':i!'l1 Cll'U f.l111'Y11' 11 Ln~nl':i911V'I.IV.:J 

" 19f"~ 1I"::fllnl1Cllf.l1lJlClfJ"'\IV'I1tJ~~'U 11Cl::~lg'Um 1~'UI11~'Vl1,,rln~ hfll~Vi'.:J~1.:J"l911lJlJ1 fll~ 

ln~ ilYl~ I tJ V {V vn~l~i''U ~:: 'Vl1' ,rln~ nn l~VlJ ff"lf.1 i~ ff1':i tJ ':i:: nv'U ~ 1'U 1'U mn'~ lin 
,g 1~':im{'UV'U~l'1"ll'lf'U fl1'Yl'U flli'U IICl::l'Yl'U1'YI'U 1~'U~'U ':i1lJ()'1 ~191'U IICl::ijCl~ig~ ijCl~ig~~ 

1~'U f.lil91f.1Cl 1I1nm':i I ~VlJffCl1f.1IP11~lJfl11lJ ~hrirufl VlJ 1Cl v'U' ~ ijCl~' g~ tJ~lJ1W lJ1Cl V'U i~ijCl~' g~ 
u 
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. 
_I...... "..., "}I ~ ... "" 

m1IJ1~I"'U8'fUl:n)l1'1~ ml~l1'11V11U8~\li.'lt)l1'1~ U~IJltlI1flI'U1'H11U'VU~n 2 

fll'i1Lml~t1l11U~1J1wnViflLu8f88fleiLfliuijm\1tJ1~ fl1'il11U~lJ1WlJ1~8U'fl6~~'~~ 

LiJ U 1~ l1 rl ~ ~ij tJlJ' ~mh ~ fl~l~ 'IJ 11~ L .... 'i 1~ L iJ 'U 1~ ~ ~ 1 tJ 1 1Jci'11~8U fl1 'i l11 U~ 1J1W lJ1~ 8U' fl6~ ~ 

1 .. .cl.. .r 0' ~l ... 1 1 ........, 1 .., .. 1" 0 
~fll1Lflfl'IJU111 ~ fltJfl1'iL~lJfl'ifl 11 8111'i11t]'ifl Uflll~flHln'l'ilJ1~8'U fl8~fl ~fl~~111 

Unfi~tJ1nl1mfl '1118111ffit]~fl 'IlLiJUn'l'iijffil tJfl11 '11181Jlffitl~flL8eifl~LL8flfi~ci'mYLL~u,r 

(Thiobarbituric acid reactive substance; TBARS) fll'il11U~lJ1rufll'iLfiflnViflLu8f88fleiLfliu l~w 

'~U~1J1W1J1~8U 'fl6~~ '~rlLiJu~'lfil~1fl ij,r81fftJfl8fll1lJ'1J ~lL""l~l~l~~~ 8tiH h~~llJ 

• JI" I 

liJU 1~fiijtJlJ 1 ~l iJu ~'lfil;1flflll~8~)fleilfliu 'IJ 8~ 'h~ flltJ U~~ ijfl1 'i~ \JlJU 11~ fll'i 1Lft 'i1~ l'i'i,rij 

ftl1lJL~m 1:; L ~1:; ~~ 1 fltJfll'i 1flLL ff ~~ 'J 88L 'H1'LctfU ~ 
" .., " • _I _I" , .. "".. ", 1 fll'i~n~n'1'imumH!~8n'':i:; flLLfl 1lJLlJ8':i88fl ctfflfln'lJ1Ll1n' U~:;fl'Jm 11 8U L .... 8':i 

8fleiLfln' (Wassmann et aI., 2004) 1ULU8{88fl 'ctf~~n'ihLl1n' liJUn'l':i~lUmH!~flff':i:;9ill1~fllu 
, " _I _I" ,...J ~ • d d • .1 .. -;tId .. , .. ... 

fll':i ~ 8mU .... lfl1lJ LlJ8':i88fl ctffl ctf~LlJ U ffnfl'llJ'i U 8ftl11188 flctfL ~ U n'lJ'lftJ U Lctf~~'I1~8flm 8fl 

1UL U 8{88fl' ctf~~ n'iJ1L l1n'ij 3 lUU 111111 ~ fl '~LLri UlJ~ fllil n'1UL U 8 f 88fl 'ctf~~ ffiJ1Ll1 n' 

.J 'i' 1 d.I.1 .. "" ... 1.1" ,....... .J • (MnSOD) ctf~8~ U lJ 'Yl':ift8ULfl'itJ ft8lJLlJ8':ictf~ft1lJLlJ8':i88fl ctfflfln'lJ1L'Yln' (CuZnSOD) ctf~8~ 

i , 1 dI d" I _1.1" , .. "'... .J • .. 
U ctf 'Yl .... ~lffctflJ LL~:; L8flm1lctf~'J~11lJLlJ8':i88fl ctfflfln'lJ1L'Yln' (ecSOD) ctf~8~flltJU8flLctf~~ 

fl'J~l ''Yl18uL .... m8fleiLfln' iJfl8~i U1U~~119ilCi1~LiltJlJ ijriluff1~qJiufll':iLU~UU'~ lflULllULu8{ 

88 fl 1 ctf~ ~~ L iJ U n'l'i fl~ lJ~ U 8 ftfirJ 8 8 fleiL 11 U n'il Ci1d' LL~:; n'1 ':i .... lfl n Vi fl L U 8 {8 8fl' ctf~ (Lipid • 
J/ 

peroxides) ,,rfl~ltJLiJu\hLL~:;n'1':i""lflnViflU8~flt)~t)" (Lipid alcohols) 'I11fl'IJ1fl fl'J~1'1118uL"" 

tl':i8fleiLfln' 81lll'" ,r,~ lfl':iL~ULu8{88fl 'ctf~ LL~:;n'n""lflnViflLU8{88fl 'ctf~'Yh6U~':i1ULLriLctf~" 

lfltJLU~uuLiJu n'n '~fl'it)flei~ LL~:;nViflLu8f88flei~'~ 
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NAD(P)H.. NO o Id - O2 xanthine Synthase 
x ase ~lXanthlne Ii,B 

H20, OZ' GPX CulZnSOD lOxidase ~~ I 
"' ~ uric O ... NO 

OH~-J:t~ H20 2 O2- acid ~ I 
~ ~ _. O

2 ONOO~ 
H 0 0 Catalase nSOD · MltodIand~ 

2 , z Ea.dtVn Transport 
Chain 

ltJ~ 4 Llff~'ltllnh:n'U~t1'lCJItJltJtl1m)f) 1C)ffi'~ffijll'V1ff Im::f)~~l 1 'VIlt1'UIVitl'itlf)~I~ff 
1'U f1l 'ifll1J~lJ ff1'iVi If)~ II t1flli-n m)f)~1 ~'U ffU;ff' ~'ll ~ 'U ~ 'U 111 ~ph i l1' "Jtyl ff tJl1 U' 1 ~ f1l nil 'l1'U ~ t1'l 

4. fl11tltlflfh~~flUJ 

. 
'" 'VIlJ1: Wassmann et a1., 2004 

'H~flfl11tltlflfh~~fl1t1,yl'tJ (ACSM, 2006) 

t1'lrllh::f)t11J~t1'lf1l'itltlf)fh~'lf1ltJtJ'i:: f)t11J~ltJ 3 tJ'i::lfl'VI 1~Llri 

- tll HI1J V'U ~ H tlltJ fll1lJ 1l1lJ1:: fflJ~t1 'l tll'i t1'UV'U ~ H f1ltJff1lJl'Hl'lhtJtJf 'UtJ 'H • • • 
" Q.I 4 d .r::::t. Q.I ,., Q.I i 

fflJ'i'i OfllViIl"::"~ tI 'U \PI 'i 1tJ ~ 1f) f1l'i ~ l~m tI~ lJ 1m tJ'lIl":: f1l 'i I fftJ~ 'll11:: f1l 'i I\PI 'U ~tI'll11 ~ 

- 'lfl'l~iif1l'i m::~'U 1~'U'lfl'l~ ii f1l'j tltIf)fh~ 'ltlltJ 1 ~tJ~::I~'U f1l'j tltlf)fh~'lf1ltJlI'U'U 

" " ... t1t1f)~lf)f)mlJl'U tI 

• 

f1l 'j tI'U V 'U ~ 1 'l f) 1tJlI":: f) 1 'j HtI'U fl" 1m ~'U 'lfl'l ~ tI 'l~ 'U l'U f) 1 'j 1m H" 1WII ,,:: 'j:: 'U 'U tJ tI~ II":: 
• u 

" . 
1111 ~tJf'Ufll~ 1f)~ f) 1 tJl~'U f)l'itltlf)fh~'lf1ltJlI"::f)l'i t1t1f)fh~'l f1ltJ 1 tJ ri~W::~f) ~'lt! 'U 'lfU ~li ... . .. 

do t I '4 ..::::It. d" Q.I oClt. a 
1l1lJ1:: fflJ'VIrr~~tI 'l fl1'j tl'U ~'U 'j l'lf1lm m:: f1l'j HtI'U fl" 1tJ fl tlfl ~ fl 'j 'j lJ 'VI fl" 1 tJ fl'U ff fl1Vi ~ tl 'l f) 11 fl 'j 'j lJ'VI 
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Q ~ Q 

V02reserve ~~tJ~n"l 12 U1l1 \lUfI.:J 40 U1l1 

.1'" .1 Q ..,;..r '" 
2. ~~tJ::fll~lJ~UlJl~ (Improvement stage) \l~lJfll~l'YnJ"U"fl'lfl11lJl1Un ~::tJ::n"l 

l~w'th 'tJfl11lJ~lm~~~tJ~n"1\l~ hhi4lJ' U fftJ~m1um 
3. ~~tJ::nni'n1:l1fftll~ (Maintenance stage) \l::fl.:Jm~lIn "~~~~~Ufl11lJ111!n 

65-75% "fl.:Jtim1m~l,;'u,r1'\lrJ'l"lfl fl11lJ~ 3 1U~flfftJfllM n"1~l~'um~flflnti1"''lmtJ 30 
Q 

U1l1 

't1anm1tltlflfhil~mf.l'u~ihfJltJl't1l1U~UVl~ 2 
1 , • tI 

fll~flflnti1"'.:JflltJ hJ~thtJYiLrJ'lJlUl1111U'lfUflli 2 l~fl hi' ff1lJ 1HlfllJ~~~UU 1911" 1 'lJliiflfl .. . 
II. II 

"flU 1111! n U ,,:: "fl fl11lJliYtJ.:J ~ flfll~ lnfl hfll11 1 \l1l"~11 "flflliiflfl ,~,r 'lJ ,;' fl'l flfl nfh"'.:JflltJ~1tJ 

fll1lJl1,r m::~utJ1'lJn"1.:J()'l11,r n (;~\l~ lihl1lJ1t1 1 'lJ fll~flflnti1"''l flltJlrJ'lJ 50-70% '\J fl.:J ti91~lfll'l 

l~'lJ'\Jfl.:J,rl1\lrJ.:J"lfl) mh'lUfltl 150 u1li';flfftJfl1M lm~/l1lflflflnti1"''lmtJl1,rnUUUUfl hi'in 

(;~\l'l Lihl1lJ1t1 1 'lJ fll~flflnti1"'.:JflltllJ1nfi'h 70% '\Jfl.:Jtim1fll'l l,;'U '\Jtl.:J,r 11\1 rJ.:J "lfl) lm::fl1'lflfln 

ti1"'.:Jmh'lUfltl 3 1'lJ~flfftJmM lfltll1~flflflfifh"'.:Jflltl~fl~ml'lJ'l,hn'lJ 21'lJ lm::~thtJlUl1111'lJ 
• • II 

'}fUflli 2 Yi'~ijflll~ll'Y1m~tl'lJ U'lJ~U11l1'flflfifh"''lflltlllUul~m'l~1'lJ (L'lf'lJ tlnU111,rn l1lfllrl'lJ 

If'd.ci: Q.I ~" 0 1 " ~" oIQ'::' J 0 Q.I .d" ~tJ n HU l1lJU 111 U n 1 UU 91 'lJ) \l ~ 'Y1l 111C))'"" 191flfl'lJ ttr"'lJ 1Jln" 'lJ U"~ fl1'l flfl nfll,,'l fll tll11 'lJ 'lJ 
II ".k II. 

ncl'llJIUfl,j'fllmymh'lutltl3 flf.:J';tlfftJfl1M C))''l1l~''~lC))'91111 8·10 flf.:J Im~111';mUfl.:J\l'lJmU 3 

lC))'91 (American Diabetes Association, 2007) 
• II 

11 '" nm'l flfln ti1"'.:J flltJlW hi'in 1 'lJ ~thtJlUl1111'lJ'lfUflli 2 ,r'lJ tJ11JltlHm~fl11lJl1,r n'\Jfl'l .. 

U 'lJ~U 111fl1'l fl tlnti1"'.:JmtltlV1'lU tltl 150 'lJ 1 li,; mY'tJ fl 1M ff111funn flflfifl1"'.:J flltl 1 'lJfll1lJl1,r n 

'l:::~UtJ1'lJnm.:J (40-60% "tl.:J V02max l1lfl 50-70% '\Jtl'lti91~lfll'H~'lJ,r11\1~'l"lfl) l1lfltlV1'lUfltl 

90 'lJ1li~mY'tJmM ~1IrJ'lJfll'ltltlntll"'.:Jflltll'lJ'l:::~Ufll1lJl1,rn~'l (1Jlon-h 60 % '\Jtl'l V02max 

l1lfl lJlnn 11 70 % "fl.:J ti91'llfll'l I,;' 'lJ,r 11 \l ~ .:J"lfl) '" nll ru::: ltJUUUfll'l tlflOtl1"''lflltlflllijfl11lJ 
II 

l1mmm1t1 fll'ltltlOtil"''lfl1'l111tlVl.:JUfltl 3 flf'l';flfftJfl1M 

l~ tl" fl fl11lJ I ~tI.:J ~ flfll 'l I ~ 'lJ 1'l fll1" flfllii flfl on tl tl n tl1 "'.:J fll tlfl1'l 1Jl nn1 1 

4 i'11lJ'l,;mY'tJfl1M ffl'l1 f Ufll'l tltlOtll"''lfllti 1 'lJ fl11lJl1,r m:::~utJl'lJOm'lU"::: fl11lJ'I1,r m:::~u~ 'I 
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." . 
-1~flnnfl1tltpnhl1'unhJ'j~fJ~V1111mm':iflflnfh"'.:JmfJfifl 7 i11lJ.:J~my'thm1 

~lJ'tJ1,rfm~~ff1l'li'tlm':iflflnfh"'.:JmfJ'lJfl11lJlnrm~~tltJllJmn.:JU~~fl11lJlfUm~~mY.:J .. 

'H~flfl1'flOflfh~.:J fluJUtJtJuol,ij flUtJtJ,yl'tJ 

m':iflflnfl1"'.:Jmm1tltlllfl hun fiflm':iflflnfh"'.:JmfJlltltl'<Nflflnci1~lJ 1rilJm~tl1lJm':i 

'

" '" ".: .j" , " .... " '" _I ~ ~ 41" 'If'Vl~.:J.:J1lJ'\'Ifl.:J n~llJ1lJflCJf.:J~fl.:J 'lfflflnCJf1~lJ'lf1fJ lJmHYlJ~lu llJlJm':iHn'YI 'If':i~fJ~11~llJ1lJ 

~'QI ,,, d 

~fl~flnlJflfJ1.:JlJflfJ 20 lJ1'Y1 (ACSM, 2006) 

tJ':i~lfl'YI'tlfl.:Jm':iflflnti1"'.:Jmm1tltlUfl1 ':iun 

nn flfln til'" .:JmfJ11 tltl11 fl1 ':iilm'l'1lJn tl111.I.:J 1 ~ mlJ'" nlJ W~'tIfl.:Jm':i 1m H~lW'Vl"'.:J.:J llJ 
" 

1rilJ 2 tJ':i~lfl'YI 1~11fi m':iflflnn1"'.:Jmm1tltlUfl hun (Aerobic exercise) 1rilJm':iflflnn1"'.:JmfJ 

, ,, .,. ~ "'" ':.j" 1" .... '1 11tltl 'lfflflnC)f1 ~lJ llJlJ m~tl1lJ m':i 1H1H~1\lJ'Vl~.:J .:J1lJ 'tIfl.:Jn~llJ1lJ flC)f.:J~fl.:J 'lfflflnCJf1 ~lJ'lf1fJ lJ m':i 

UlJmtl1rilJnnlln~'<N':i~fJ~l1mlJllJ9ifl~flf)lJfldHUflfJ 20 lJln (ACSM, 2006) l1~~m':iflfln 

ti1"'.:J mm1 tl tlll fllJ 11 fl hil n (Anaerobic exercise) ~~ ~hJl <Nfl flnci1 ~ lJ 1 lJ m ':i 1H1 H~ 1 W'Vl '" H llJ 
" 

(hVi~u fJflflnlJ~ff1~91{ 2550) 

1 tl':i11mlJm':iflflnti1"'.:JmfJ~~tl':i~nfltl 1 tl~lfJfl11lJ~ fl11lJlf'\!n ':i~fJ~l1~ l11~~'lfiJfl 

'tI fl.:J m':i flfl nti 1"'.:J m fJ 1 fl fJ~lJ1fllJll'1fff1~91 {nn ih1'lul1.:JtJ ':i ~ 1 'YIff~lf i'! flllJ1 m; lflCJhfl mglJ (The 

. 1" 0 J. d ~ " American College of Sports Medicme; ACSM) 9l11lJ~lJ11'Vlfl'YI~~1'VllJ~lJ':i':itlfll'Vl'Y11.:Jfl1lJ':i~tltl 

m':ilf1fJ'1l11~~11111l 1~l1ri 

- fl11lJ~ 3-5 1lJ/Utlfl1..1 

- fl11lJlf'\!n 65-95% 'tIfl.:J~m1m':il~lJ1111~~.:J'lfllf~fl 50-85% 'tIfl.:J~lJ':i':itlfll'Vl 

nn1<Nflflncil~'Uffnfl.:J (VOleserve lf~fl Heart rate reserve) ff111i'U4flfl~~1l-i11~.:JUHfl1':i1~ 

fl11lJl1Untl':i~lJlW 40-49% 'tIfl.:J~lJ':i':itlfll'Vlnn1<Nflflncil~'Uff1':ifl.:J l1~fltl':i~lJlW 55-65% 'tIfl.:J 

~~':i1m':il,)''U'\11 h~ .:J'lfl 

- 11m 20-60 'U1n l1~~,)'fl.:Jlri'Unllm':ilJ~.yh~mdfl.:J 

':i~~lJfl11lJl1 Un'tlfl.:Jm':i rJn~ ~~l~lJijnntli' tl~l't1fl.:J fl11lJU~.:JU ':i .:J'tIfl.:J ':i ~Utllf 1fJ' 11 U~~ 
" . 

111htl':i~lJ1WU'Ufl~ntl':i~lJ1W 50% 'tIfl.:J~lJ':i':itlfll'Vlnn1<Nflflncil~lJff1':ifl.:J 11~m.h~lJ1W 65% 

'tIfl.:J ~91':i 1nn 1,)''U 111' 1I~ .:J"lfl ff111i'U~~ 1l-i11~.:J U':i.:J H~~ 1~i' tl ~~111 'U1~flrJn~':i~~tlfl11lJl1U n 

40% 'tIfl.:J~lJ':i ':i tlfll'Vlm':i 1 <Nflflncil ~'U ffl':ifl.:J 



24 

, .. 
o V ~ ~ v v ~I ... I ~..J ... ~ "-'I 

fll100flflliH flUJUO I 11.J flU1.J1.J'HU mnml'Ul: fll 1 H mnntlnU 'J fI 1-3 "1 1 lfltll'U 8~rjU lU 

noud1ul'Ul'HllU (pre-diabetes) (Earnest, 2008) 

fllHH)f1fh~ ~flllJlLf) hiif) 1 ~lJ..t 11 1h il 'U fll':i f)f)f1fh~~ flllJ~,;' f)~lhYi m d f)~~ 1lJfl11lJ 

'H11 f)" f)~.:!1'U ~1ml'Lflt.l.:!ti'U ~HW~fll':i 1Jf) UYifll':i f)f)f)fh~.:! flllJUf) 1 ':i ii f1L L 1.J'lJ'H 11 f) n'~1.J L'lJ 1ii'H ~f)fll':i 

'hil'U fll':if)f)nti1~~flllJ~ij,h.:!fll':if)f)f)fh~~flllJ~fl11lJ'Hl1m::~'lJn'.:! [lil '~~':!uYi 151'U1Vhl'U U.:! .. 
4 'U1n 1~lJflflf)ti1~.:!flllJ~':i::~'lJfl11lJ'Hl1n t'U'lh.:! 80-95% "f).:!n'lJ':i':i\lfll'Yifll':i1~~Hln91L\1'U~~~~ 

(V02max)] n'~'lJ ti'lJ'th~fll Hl ~ ':i::~ 'lJfl11lJ'H 11 f) (1.h::1.1 1W 60-70% "f)':!n'lJ':i':i\lfll'Yif)n' ~ 

f)f)n91L\1'U~':!~~) l~lJn'~'lJti'U 1 1h~f)lJ'l ~~'l11.:!~~~':i::~'lJfl11lJ'Hl1nifm\1' ~n~1L'¥hti'lJ'l11~fll':i . ~ 

f)f)nti1~~flllJnfl11lJ'Hl1m::~'lJn'.:!'H~f)lJ1f1Trhu lL~'h~~fll':i1Jn hw nlJ " f).:! nn1Jf1LLfJ hiif1LL'lJ'lJ .. 
'H 11 nn'~ 'lJL 'lJ1 L il'U fll ':i 1 ~'Yi~ H 1 'UU 'lJ 'lJ U f) 1 ':i ii n uYi 'l11.:! " f) ~fll':i L tl~ lJ'U n ~ 'lJ 1 tlm" f).:! fl11lJ'H 11 n 

~~'l11lJ~~n~'U t 11'ilJ ll'1f1f)'UL~~ lJii tl':i::iYl'1~ fll'YilJ1nn-h 1 'U fll':i~I'lJ'U 1f111lJ ~ t 'U fll':i f)f)nti1~~flllJ 

fll':in'~l.:! ilJ ll'1f1f)'UL~~lJ (Mitochondrial biogenesis) LfJ'U 1C)f11~Lil'U 1Pi1il~fll':iLn~tl~n~ lJ1' n~ 
lf1i~91n' (Glycolysis) ~~Lil'Utl~n~lJ1~n'~1lJ\r1\Pl1~n'J lf1n' nn1~'Yi~.:!.:!1'UU'lJ'lJLLf) l':iiin um:nn 

LnlPltl~m lJ1L'lJ,;'1f)fln91L~i''U (Beta-oxidation) ~~Lil'Utl~m lJ1~n'mlJmlPl , "lJ'U 
" 1 JI , 

1Pi1;1~nff1~ty '~LLti 1Pi1;1IPlntJ':!'lJflf)u.:!fll':in'~H'lJ 1l'1':iflfl'ULIPl1lJ fi~)'Vi~;l'ULLfJ~Yh 
~ , 

(PGC-lalpha) IPi 1;11PlntJ ~'lJ fI nu.:! tl ~n~ lJ1' n~ 1 fI' ~91n' ,~u ti L~Jf) 1 C)f' fI L'U n' (Hexokinase) 

u~::vlfln'lvl'VHn l\Pl~lL'Un' (Phosphofructokinase; PFK) 1Pi1illPl~tJ~'lJflnu~tl~n~lJ1Lmtlff~~Lil'U 
tl~n~ lJ1~fI~1 'U 1 lJ 1l'1f1 f)'U L~ 1llLil'U tl ~n~ lJ1~ ~'lJfI191.y;~ 1 flLf) (Acetyl-coA)~'~ \11 nfll':i n'mlJ 

m11'lJ '~L~':i\PlU~:: '''lJ'U i~uti 91Ll'1':il'191'ULl'1n' (Citrate synthase)Lm::lJ1ml'1~i~ llPl':i~L'Un' (Malate 
~ . , 

dehydrogenase) U~::1Pi1;1IPlntJ~'lJflnu~tl~n~lJ1L'lJ,;'1f1f)n91L~i'U (fll':in'~llJm~ i "lJ'U) fifl L'lJ,;'l 
~ ~ 

h~':ifln;Lfl91~ lf1LfJ~i~ llPl':i~!'Un' (Beta-Hydroxyac1y CoA dehyrogenase) 1Pi1~1IPlLm'huLfJ~Lil'U 
IOCV.d Yd4Ci.do "". Gt ,.d ~ oCt ~ rI 

n'1'U n'lf1U1l'1U n'1Pl~ 1 'H L'H'U mf'mYll'11 t 'H ~ihlJ L 'Ufll1::nfl'UYl\1::LU'U!'lJ1'H 11'U lJfll':il1'Uvln'fll'Yif11':i W u.. .. 
~ , ,.,,,,.1 , ,., '" 0 '" 1 "" '" '" 1 f11':i L U'UL'lJ 1'H 11'U ~1Pl "'U \11n f11':i ~ ':i'lJ f11':i f)f)nf11~.:! fllllLLf) ':i'lJ f1LL 'lJ'lJ'H 'U n ff~'lJL 'lJ1 ~lJff1lJ 1':i fI 
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.'" """.... ''''.1 -kd""" '" f11Hlflflf11~Hf11tJ111.11.1 ,'lf11 Hfll'U flflfll'jflflflfll" ~flltJ'jlJ11 1.11.1'\1'U ~ 'Yl ,'lfU Hfll'U fl1.1fll'j .. 

tJ'j~lfl'Yl'Ufl~fll'jflflflfh"~flltJ l~tJt~11H~l'U (Baechle and Earle, 2000) 

fll'jflflflfh"~f11tJ l~tJt~11'j ~~1'U""11J1HI11~~ i~t1~I'U 3 tJ'j~lfl'Yl '~11ri 

l.ifllC)fl1Jfl1fl (Isometric exercise) 1~'Uflnflflflfh"~flltJ111.11.1~'~ijflnIYi1Jfl111J 

u~~m ~fI"fl~fl~ft'lfln Ifl~fl'U' '\11'Ufl~.,j'fl~fl Im~ '~ijflntJi'1.1tJ'j ~fl111J""11J1HI~ "~flflflm ~ i~ • 
I d" ",..:: ::",,"1 1 ",,,j I " "'I 

mJ1~n~ln ''U'UflflWl'U'U1.1HflH''~ L'lf It) C)f11JfI'jfll'Vifl'lf1tJ L'Uflnlm'lf'U~"~tJ~lfll~ (Stick • 
point) 'Ufl~~1Jfl~ft'lfln Ifl~fl'U i '\11'Ufl~fll'jflflflfh" ~flltJ 

2. ifll C)f 1 'YlUfl (Isotonic exercise) I~ 'Ul'YlflU fl~t i'1~'U ri1'U i'\1 uii 'U U flnwlu,,~H' 
u .. 

-:VI "Ill'" ~", .. d " d", d d '" ... 
Hfl""fl'U Lfl C)f 'Yl'UflI1.1'U1li'YItJ'j~flfl1.1~1tJfl111Jfl~'Yl fl1UtJ'j WfllC)f'UfI'jfl (Eccentric) 'Vi"tJ lfl 

'" d" l1Jflm (Plyometric) Im~fl111J1'j1'Ufl~11Hfll'U 
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.,; • QI 1"" cit QI ";,1'''' .,; 
fl11lJfI~'Yl'IJ fl ~ f)lHlflfl f)l~ ~ f)ltJuu U 'lHL H fl1 'U \l:; L lJ 'U fl11lJl1 'U fl'Yl fI 'j Ufl11lJfI~ 'Yl 

• ,. tI 

tnhLfflJfl u~tJlflfi\l:;Lfl1'lf'U:;m ~ri'l'Ufi H'Uull'j, llnU~lJ'lJfl~"fl~fl tJflYi1flV1~LcM'U f)l'j tJfll.hm! fl 

1'U filL U'U ctfL't'l HY (Bench press) \l:;41tJ~ flflU LfI~fl'U' 111'11 fl~ J1l11! fl 1 'Ufi 1 \lU'IJ fl~~lJf)l 'j 
• • " t I 

Lfltlfl'U '111lJ1flfl'.hflfl'Ufilhl1lrflfldfiflflU1{LlJ~ (Barbell) U~:;~lJLU~~ (Dwnbbells) L~'U~llmwfi 
'" .,;. '" d.l • ... d • ....,; ,1' 
lJ fl11lJfI~'Yl Lm:; fI flL'U fl~CJf ~'IJ 'U fl~flUfl11lJU 'II ~u 'j ~u~:; f)l~ ~~ ~ "l fI'Yl ff1lJ1'j ()U ff~~ flflfllJl fI 

... -11 • ... 1"" ".1 1 '" fl1LL 1J 'j 'U f)l'l' flflflf)l~~ f)ltJLL uu 'lfm ~fl1'U \l flff'j1~ 'IJ'U ~tJf)l'l'flflflLL UULmfl~tJfl 
II, t " ., • 

1hm! flfi \l:;cM1tJti111 'U ~ f)l'j Lii lJ1hl1l! flfl~ fl~ ~ lJ f)l'j L fI ~ fl 'U' 111 L~ fl 1 ,riifl11lJfl~ ~ 'U fI ~filJ1flfl'h 
.dCl ".: 01" 0'1 d Q,lQ,ld' dt I 'YlLfl~lJ'U flmlJL 'U fl fll'j m 11 fflJ\!'jW ~tJfll'j L 1l~ tI'U fl11lJ fflJl'I 'U 1i 'II fl~ fIl'U U~:; ~~ 'Ylfl~~ 1m:; 111H 

" , Sf ,,, I 

~~'j fl~ U 111 iT fl'IJfl~ fl1'U ()~ ~ ~ fiil111U fl1Jlm:; 'YlU 1 'U LfI~ fl~ tlflU 111U flL 11 jj fl'U nu fll'j LiilJ fll'j flflfl . 
ti1~~flltJflV1~ fflJ 1 LfflJ fl 

~ ... 1 .... cit ~ ....... d " ,1, "... ... 
fll'j HflLL U Ul'I "tI flLlJfI'j fl LlJ 'U f)l'j HflLL UlJl'I~n:;L U~CJf ~fl~llJL 'U fl ~ 'jUfl11lJl1 'U fl 

• d Q.I d .,d Cl.I 01".Q A, 
fltJ1~'j 1~L 'j 1U":; 'jlJ U 'j ~ fl1'j ~ ~'IJ tl1tJflfl'U 'yl \l:; ff1lJ 1'j () 11 ~fl1LL~:; 'Yl1 11 Lfl~ fl1'j LfI" fl'U 111 

" tJflYi1mh~LcM'U flnm:; l~~\llflflrlfl~M~~'U l1~flflnfl'l':; 1~~,r1lJflrlfl~ flVH h~fIllJ flnllfl 

LLUUl'I~tJ 1flLlJfl1fl i~Uff~~ 1 ,rL11'U11ff11JlHlL~lJfl11lJU~~m ~LL~:;fl11lJff1lJn() l'Uflnm:; 1~~ 

U~\l:;L~lJfl11lJL ~tJ~'IJfl~flnU1~L ~u '~Ll1 jjfl'U n'U fln llflLLUUl'I~ til flLlJfl1fl '~flJfl11lJi1tJlJ 1 'U 

uflfiw1fl~cYI11l'j:;Ltl'YlrlU~:;~1'U U~l1~ 1tJ~1'U i~ tJri' fl~ '~f uflnll 'j :;LlJ'U () nh:;ff'Yli flll'l'IJfl~fl11lJ .. 

" 
fll 'j fur flltJ 1 'U 11~ flltJ'IJ tl~ 'j:; U U 11 'j:; ffl'Y1 fl ft llJ L ij tl (Proprioceptive neuromuscular) 

fi tl fll 'j tl fl fl til ~ ~ fl1tJ~ ii LL H ri'1'U ~ ii fl n 1 ~1l 'j:; 1 tI'lftJ \'11 fl f)l'H-I fflJ Hff1 'U LL U U i tll CJf 1 'yl i1 fl Lm:; 

itll CJfLlJfl1fl L~'UL'Y1f1i1f1~1 ~n'Ufld1~fl~1~'IJ11~ 1 ~tJU flflltJflll'l1J1U~LL~:;@flU flfhn 1 'U fll'j f mn 

LL~dlfl~n'Ufll'jU1~L~U 

3.' tll CJfflL 'U ~ fl (Isokinetic exercise) fln tlflflti1~~flltlLL UU i fll CJfflL'U ~ flL~'U fll'j fl1UfllJ 

""" I I 

5f1'j1'IJtl~fllnill 11' flft llJL ij fll1~ff'U" ~ U1~flf ~L~ tJfl11m ~~ 1'U fi 'lf1t1Ll1 tl fl Ll'I 'j l~m ~l'Itl1t11lJfi 1l~ 

'''1'''' "' ... d ",1 <!I '1 ........ cit"; fI tlfll'U ~tJL'Yl1flULL H\llflLmfl~1~fl11lJLL'IJ ~LL H'lJtl~flmlJL'U tl fll'j HflLLUU tl CJffIL'Uflflfl"ltJLlJ'U 'yl 

. " . 
i1 tllJl 'U flnllflLl'I'j1~iifl11lJLiYtI~~ tlflnU1~L~ U'lJtl~" tl~ m! fltJ 'Utlfl\llflU 'ULfI~tl~1~fh~~ 'fll C1f 
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. 
0"" T ~ v v ~ V}I .. '" 

0l1tltlflflli.HOltHilUnm·H911UIU~'UlfJItJ11'111WISUiln 2 (Sigal et aI., 2007) . ~ 

m~m)fltilti.:JmfJ 1~fJi~UH~lU"\.J~ihfJL'Ul11l1U'lfU~l1 2 fl1n;, 3 fli'.:J~UfftJ~ll1' 
" " "". l1'h11lJ1fJtitlm~Hflfl~nm1tliJ~ il1~~ ffl1J1H1Nfl '1l~.:JU~'U';l.:J 8-10 fli'.:J 1~fJ'~Ul111rfll1'1J 

~ . 
ffllJl11'l fJfl 'lIlJ lflfl'hir U fll1lJ ~hflty' U m~ tltlfll1 ~ .:Jtitl~ tl.:Jl it U 'Yi l'Y11.:Jl1Q fl~ tl.:Jlilu 11 tifl 

~ . 
m~ tltl fl tilti.:J mfJ'lfU ~U 1 ~fJ HflLL 'U'Ufll1lJl1ir fln:~ 'Uff.:J m \l '~ll1lJl:: fflJ' U ~iJ lfJl1 ij 

~ ~ 

1 .... .". l' '_1" ~ ,J ., 1'" I fill:: ~fll1~tl~l~tl~LL~::l1l \lnlJ~lfJ l't'4n::tl1\l 'Um::9Jum~L't'4lJ'UU'Utl.:Jfll1lJ~U ~l1~tlfJ1.:J 

d... I" 0 '" ~., ,1' 0.... l' " ".dI I ~l~l~l1fl~ml::UUUl1UltlflLL~::'YI1 11LUUtlU~~lfJ ,1 m~tltlflm~.:JmfJ ~fJ 'lfUH~lU\Hfll~tl~ 

i ~ SId 
U fll1lJ t}l L ~ 'U tl.:J L L't'4 'VI fJL L ~:: rjl 'lffJ l'1flty 

,nJ110m'YftlHOlU 

fflJ~Hlfil't'4'V11.:JmfJ l11J1fJU.:J fll1lJffllJ1Hl i Uflnfll'UfllJil.:JmmL~::fl1nh.:J1U'Utl.:J • 
il.:Jm(J'~n'Ul1 U~:: i~U1U 1~(J'1Jl~tllJfflJ~HHl1't'4 (tlfii(J fl.:Jlff1't'4.:Jff U~::~~~fffl~ 11::11UUll, 

2537) 

fflJ~ HI fil't'4 'VI 1.:1 fl1(J l1lJ l(JU.:J fll1lJ ffllJ 1Hl 'U tl.:Ji 1.:1 fll (Ji U flU ~ \l::11 UiJ~111! 1 ~ 

tJ~::~l'~U i 'Uff .:JfllJ 1~tlVl.:JijtJ~::ff'VI~fil't'4 1~(J 11Jijfll1lJmU~mi7tl(JfluUUtl\l'ULnu 1 'l1 ffllJ1Hl 

ff .:J1UU~::(lUtllJtilti.:J 1 1'i~i U(J1lJll fl1~ U 1L~:: i ~L1~ l1Hl~tlfll1lJ ff'4 flffU 1U Lm::fl 11lJiJU lYl.:J i U 

.cIClto " .c), Q.I ~ ~ do 

'lfl~~Ultl.:J~l(J (l\l~ty'VIffU \lU~Ulff~ , 2521) 

'l1~::Lfl'VI'Utl.:JfflJn(lm't'4'Y11.:Jfl1(J (~1Wl~HU ~'UfflJ u~::m't'4nw'}j'u~ ff~u't'4'V16, 2550) 

ffm~(lm't'4'V11.:Jm(J Uti.:J1~lilu 2 'l1~::lfl'VI titl 

1. ffm~(lm't'4'Y11.:jfl1(J1~(Jlnml'UmYi (Health related physical fitness) 'l.h::flU'U~l(J 
tI Q.I J' 

5 U.:jfl'l1~::fltl'U ~.:jU 

1.1 ff~fflU'Utl.:jil.:jfl1(J (Body composition) 

d ".: 1.2 fll1lJU'U.:jllH'Uij.:jfl~llJ1Uij (Muscular strength) 
~ " .... 1.3 fll1lJij~'VIU'UU.:jfl~llJ1Uij (Muscular endurance) 

1.4 fll1lJflUUlPil (Flexibility) 

1.5 fll1lJtl~'VIU'UU.:j~::'U'U'I11i\l u~::'I1l(Ji\l (Cardiorespiratory endurance) 

2. ffm~(lmYl'Yl1.:jmm~(Jln'Unflll:: (Skill related physical fitness) 'l1~::flU'U~l(J 10 

tI Q.I J' 
ij.:jfl 'l1 ~:: fltl'U ~.:jU 

2.1 ff~fflU'Uij.:ji1.:jfl1(J (Body composition) 

d ".: 2.2 fll1lJU'U.:jUH'UU.:jfl~llJl'UU (Muscular strength) 



tI 

2.3 fl111H)1l11tJ'\J()~fl~11J1i1() (Muscular endurance) 

2.4 fl111Jtl()tJ9I1 (Flexibility) 

2.5 fl111J()lIl1tJ'\J()~'i::tJ1.Jlr1' 'iI U~::111t1' 'iI (Cardiorespiratory endurance) 

2.6 ti15~ (Power) 

d 
2.7 fl111Jln (Speed) 

2.8 fl111Jfl~()~911 (Agility) 

2.9 UQmtll91()tJ~tJ()~ (Reaction time) 

2.10 fll'il1H9I1 (Balance) 
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"'_I ... '" .... _I " 
() ~ fl u 'i:: fl ()tJ '\J () ~ ~1J 'i 'i () fll'Yi111~ fl1 til fl tI 1 fl tJ "l'\J ~1J 'i 'i () tJ:: 11 'i () "l'\J fll'Yi u 'i:: fl ()tJ 911 tI 

(Heyward VH., 1997) 
• tI 

1. ff91ri1tJ'\J()~~Hf11t1 111J1t10~ ()~tlU'i::fl()tJYiii()~hdl~f11t1 '~lIfi lhl1Ufl 

~1~flltlU~()1l1'\Jl1tJ (Lean body mass) i'\Jl1tJ~Nflltl (Body fat) u~::ri1tJ~11J''1ii'\Jl1tJ (m::~fl 
" tI" ".... ............ 11'1 "' .. " "_1"""''''' i" 1 fl~l1JltJ() U~::ltJ()W()()tJ'l) l191~()tJ ~ 91t111ifll'i111~l1()~UUtJ91f11'i (Laboratory methods) 91Ufl 

, " tI , 

fll'ii~1l111Ufl'~U1 (Hydrostatic Weighing) fll'i'~lfl1()~ Dual-Energy X-ray absorptiometry l~tJ 

~tJ 111U'YI91~()tJ i~11ltl1lifll'i'YI1~fl1fl~tJl1J (Field methods) i~uti fll'i191 i '\Jl1tJ '~H111U ~ 191t1 

'~'CYfltJ hh,91UflillU(){ (Skinfold caliper) u~::1li Bioelectrical Impedance Analysis (BIA) 191tJ'~ 
.,j 

1m () ~ BIA analyzer 
tI tI 

d ".... <!/ " .... , 0'"'''' 2. fll11JU'\J~UH'\J()~flm1JltJU 111J1t1(}~ fll11J~11Jl'i(}'\J()~flm1JltJ() tJfll'i'Yl1 111f191 

<!/ 1 " """" 1 "" 1" I cv d ".: t!t UH91~~~"lll 'YI91~()tJ 91191t111i U 1C)f11J91'lfl llUfl fll'i191fll11JU'\J~UHfl~11JllJ()U'\JtJU~::1J() 1~w 
• tI 

lfl1 () ~ 191 U H U tJlj U (Hand grip dynamometer) fll'i 191 fll11J U ~ ~ U 'i ~ fl~ llJl i1 () 115~ Il~ ::'\J1191 tI 

Ifl~()~191UH~~115~u~::'\J1 (Back and leg dynamometer) l~lJ~tJ 11~U'YI91'CY()tJi~191t111ii91lJ1ijfl 
tI. tI 

(Dynamic muscle testing) i~llti fll'i11lU111Ufl~~"l91Yi~11Jl'i(}~lJ111()~~i~'lJ 1 flf~ (1 RM) 

cv d ,,~,," ~1 """" 
fll'i191fl111JU '\J~U H'\J()~flm1JltJ ()U91~:: 'CYltJ 911t11fl'i()~ U 1 C)ffll tJ91fl (Isokinetic dynamometer) 

l~lJ~lJ 

• tI tI 
cv Q.I "~1 QI ~ a.d " 

fll'HlfllJ~ (Sit-up) fll'i191fll11J()91'Y1tJ'\JU~fl~11JllJUU'\JtJ 91t1f11'i91lJ'YitJ (Push up) l1'iUfll'i91~'\JU 
tI 

.& " cv" a , t " (Pull up) /91~'\J()~Ufl'Ufl (Flex Arms hang) U~::fll'i191fl111JUll'YIlJ'\JU~fl~11JllJUU91~::~1lJ9l'JtI 

lfl~U~iu 1C)f~llJ~fll~tJ~lJ 



29 

. 
I QI ~ ~QI 4I!l \Ii ". 4 " 

4. f1111HlV'U~111lJ1mH rHl~m'Hfll'IV'U L111'\JV~'\JV~V 11~Vfl11lJffllJl'Hl'\JV~'\JV 

~V''UnnLfI~V'U'111'~vdHn~H'\J11~ 'Y1~ffVlJ'~hHJnn1~ l~fJ~H (Direct method) ~1fJ 
LfI~V~1"lllJ (GoniometerlFlexometer) 111V'Yl~ffVlJ'~1"fJm~1~ l"fJevlJ (Indirect method) l"fJ . 
m~'Y1"ffVlJ\r~m~fJ"'\Jl'timh (Sit and reach test) 

5. f111lJV"'Y1'U'\JV~~::lJm11' ~ Lm::ll1fJh l1lJ1fJtl~ f111lJffllJll(l ''UmniHl'U'\JV~ 

" '" 11"", " " , , " ... ~::lJ1fJ'\JV~lfffJVVn~lnn"C11lJL'UV ff1'U my 'lfm~'Y1"ffVlJll1f11fflJn(lfl1~m~ 'lfVVnClfl\l'U\1~"l" 

(Maximal oxygen consumption) liJ'Uth~fflfifY'Y1"ffVlJ'~l"fJm~VVnfh,,~mfJ~~"l" (Maximal . . 
".&::lel 4C),.c:t. • Q.ct .c:t..c:t. • 

exercise test) "1fJ11im~I"'U/1~lJ'U\1nl'l'\Jv~lJ1Clf (Bruce treadmill protocol) 11im~L"'U/1~lJ'U\1nl'l 

'\Jv~ul'ln (Balke treadmill protocol) l~m~~'U~mfJl'U (Bicycle ergometer exercise test protocol) 

'\JV~VVffml'U~(Astrand) ~VnCJf(Fox) l1l'1::11lJflV11~l'I (MacArdle) 111V'Y1"ffVlJ'~1"fJm~vvn 

fh"~n1fJ1nvlJ~ ~"l" (Submaximal exerClse test) 11111' ,*6~~1n1~ 1~'U'\JV~111 hlil'UlfJ~l 

fflJ~~(lfl1~nn 1,*vvnci 1~'U ~ ~"l" '~l1ri 1~ nn 1~'UA~lJ'U~nl'l'\JV~lJ1Clf (Bruce treadmill 
Qq t ~ ~ 

protocol) 11in1~i:J'U~mfJl'U (Bicycle ergometer exercise test protocol)'\JV~VVff~~l'U"(Astrand) 
d d tI d I .. I QI.c:t. ~" 

11fJLVlJClflV (YMCA) lm::fflJlf1lJl1'lffflffmmmWl1111~lJ~::I'Y1ffffll~!Vlmm llJ'U~'U 

.. 
.4Ctt.Q..I 4::14Ct V 

5. ~lU1;)r.J't11mrJ'UtH 

Hu1~r.Jmr.JlutJ'j::l't1fl 

ll11~ HU ~'li1fJ (2542) '~liln1~ftn'hllHl'I'\JV~n1H)Vnfh"~n1fJlllJlJ' 'Y1~lll'U~Vnn 
" . 

f11lJflm::~lJ\hml'l 1 'UI~V" l1l'1::ffm~(l'U::'Y11~l1V hiln ''U~ihfJ hflllJ1'1111'U'lfU"YJ 2 ~l'Ul'U 16 . ~ 

f1'U (~'HtU~ 11 f1'U ~'lflfJ 5 f1'U V1fJLll~fJ 58.81 ± 5 il) ~'~'~vvnfh,,~mfJ1iJ'UtJ~::~l l"fJl'11' 
'" U 'U .. 

." . 
"l'IV"n1~'Yl"l'IV~ liln1~'Y1"l'ItH 1"fJl'11'vvm11"~n1fJlllJlJ''Y1~lll'Ufli'~l'I::tJ~::lJ1W 1 i'11lJ~ 

" 
ff'tJ"l-Hl'I:: 3 1'U liJ'U~::fJ::l1m 16 ff'tJ"l-H l1l'1::liln1~1"lh'l1irm;1ItJV{I~'U~"''\JiJ'Ul'U'h~mfJ 

" " f111miv'U~1 ~::~lJlhml'l l'Ul~vm::fJ::v"V1'11ll ~::~lJlh\Vlll'1ff::fflJ ~::~lJ''\JiJ'Ul 'UI~V" 1m:: 

'Yl"ffVlJff1Jn(lfl1'Vl'\Jv~ ~::lJlJ111 1 ~l1l'1::m~111fJl \l 1 'U'lil~ff'tJm-Hll ~n ff'tJ"l-H~ 8 lICl::ff'tJm-H 

" 'ff " 'Y11 fJ • 
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fH\flln'l~1HN'Yiu"h fl~lJ~";HJth~ihhfl11lJtlV'U~1~~'U 34% ''Uffl1~ll1'~ 8 Ll":: 60% ''U . ~ ~ 

ffl1~ll1'Yi 16 FH'\lV~'j::~1Jlh~l'" 'UI~V~'j::tI::Vflm'l11'j"f1"~ 15% 11(\::'j::~ 1Jlhm"ff::fflJ"~"~ 

13% Irlm 111 tlU I YitlU nu nv'U fllHI ~"v~ ili ij fll'j L 11 ~ tI'ULl 11" ~ vVHih! tlfflti fU'VI H ffii~ \I v ~ 
u 

: ........ _I ~ d !"'I .... , • .... , .... , "" ... 
'U1'11'Ufl~1 IlJVWlf'U~ L\llJ'U 'U'j1~flltl 11(\::'j::~U \llJ'U 'U1(\VfI LlJV'VIflffVUfflJntl'U::\lV~'j::UU 

.... , ,.c: .... oQl • lev '" 4Q ~.l '111 ~lL1(\::fll'j'l11t1 ~ 'VI'j::f1Ufll'jVVflfll"~~~~~'YiU11 fl1vm1fln 'lfVVflClfI~'U~~~~I'YilJ\I'U 10% 

11(\::~ 1'U ~ii1 i~~ ~ ~f11YilJ~'U 12% U1'U ~'j::~ Ufl11lJ'I1lr fl\lV~ fll'j VVflth~'~ flltl~'ti1' ,rln~fll'j 
.... , "" • .. • .... , " .... ~.1 .,: • ,~ 

ff::fflJm~Ll"fl~fl 'U1(\V~ 'YiU11lJfl1V~'j1fll'l 'lfVVfl9fI~'Ul'YilJ\I'U 12% 11":: 55% \lV~~l'U'VIm ~l 

o QI GI " .... ' ... 1 ... I.'d -,,4 _t':! q Q,I QI " \lW:: VVflfll"~flltlV m 1fll'j I~ 'U \lV~ '111 ~ lJ 'l ::lJ1W 70 I lJ V'j I Clf'U ~ IlJ m lJ 'l tlU I'VI tlU fluvm1fll 'l I~ 'U 

\lV~..r 1 h~ ~~~ ~ iii' ~lflfll'l'VI~ffVUfll'lVVflth~~flltl ~~~~I~'U fln VVflti1~~flltl~ijfl11lJ'I1\! fl 

'l::~u111'U fl"l~ 

. .. ".,: ~ .... "" 1 .,: °1"~ ,,,. 
fll tI~ V fll 'l ~~ 1 fftl'l1 'U 1 'VI \I V ~ L Clf"" 1J H'U ~ '11" V~ I" V ~ 'U '11 ~ 'VI Q fl 'VI 1 '11 I U'U L U 1'1111 'U ~ m fll 'l 

'VI~"V~ l~tl11~~'I1'UI~'U 5 flrilJ i~1Ln flrilJfl1UfllJ flrilJ~I~'U llflLU1'1111'U flrilJ~L~'U 
~ II ~.. II 

.... " .... 
V'U lJ "V ff'l:: 11(\:: ff1'l m'U V1J lJ" V ff'l:: .~ ,~ 

H" fll 'l 'VI~" V ~'YiU -h fl11::1U1'1111'UI~ 'U ff11 '11 ~ ~ -n 1 1 ,rln~ fll 'l 1~ lJ fll'Hfll:: ~ ~ \I V~I~~lii V ~ • 
I 0' QI a .a. .c:t."l.c:l.:i 

'IJ11'WLClf""1JH'U~'I1" V~1(\ V~ 11(\::"~ fll'l ~ VUff'U V~'IJv~'I1"v~m V~LL~n V~lI VV::LClf'VI" l fl"'U Clf ~ 

~ 4 ,J 0 I d' QI a ~ Q.I_I " ~ ~ 
I U'U ffn'IJtl1t1'11 "v~m V~'VI'VI1~1'U H1'U19f""1JH'U ~'11" V~L"V~ 'VI ~ 12 11(\:: 24 fflJ~l'11 fll'lI'YilJ'IJ'U 

~ 

'IJV~fll'j Ifll::~~'IJV~I~~I~V~'IJ11lr 'U tlfl-n1 1 ,r,,~,,~ l~tlfll'j Iff~lJlm1J'U~I1(\::fll'j 1JflVVflfi1~~ flltl 
" ~ 

'U Vfl111 m! 'U fll'j" ~,,~ 'II V~ fll'lll VU ff'U V~ 'II V~ '11" V~ liiv~ ~ Vffn V::l Clfl1" 1 fl ~ 'U tl flun I ml ~ tI 
" 

l1111J'U~ VV1~' 'ln1l1lJ fll'j 1JflVVflfh~~fllti 'liijH"~Vfll'j'IJtl1t1" 1'IJV~'I1" v~lii V~~Vff1'j~ -nl~l'U 

Fh'U IClf" ~1JHlr ~ '11" V~ Lii V~ 1~ 11J 'U ~11":: fln V Vflf) 1 ~ ~ flltlQ fl'YiU -hij H"~ ~ Vfl11:: VVfl~L~ YivJ 

~ 4Q tI .c:I IV , ...... , " ...., " 

ffLlI 'j ff 11":: 11 V'U ~ V V flClfLl~ 'U Clf '11 'U I 1J1'1111'U lJ 'j::~ UlJ 1" V'U ~ V"~ g~ ff ~ 11":: 'j:: ~U IV 'U 9flJ 
" " 

91tJnJU{VVfl 'Clf~~ff1J11'V1ff~~lVV1~ijlrtlff1Ti~fl11'11~fl~lJfl1UTJlJ UVH i'j n1l1lJ lJl"u'U'~t1{1 

~, g~ij'j ::~U ~ 1{1 ~lrlmYi tlU nu'I1~ 11.1 1'1111'U 11(\:: ili'YiU fl11lJ 1111 fl~l~'11 V~ I V'U' Clf,J91tJltJ V{ VVfl 

'9f~~ff1J1L'Y1ff~'l::'I111~'I1'U flrilJl1J1'1111'U ~ '~i'Ul1111J'U~ flri lJ I U 1'1111'U ~ '~i'ufln VVflfh~~fllti " . . 
~ 

II":: flcilJfl1UfllJ 'UVfl~lflil if~'YiU11fll'j"~"~'IJV~ 1 tJ 'j~'U i'U 11 ~ flVUfl i Clf~~'UI'VI ffl 'U '11 'UI Ul'1111'U . . " 

tl flil V~ n 'U ~ 1 tI fll 'j I ff~ lJ l1111J 'U ~ I ~ 'U ~ 11 1 ff'U 1 1111 'Yi 1.1 1.1 'VI 1.1 1 'VI fl1 'j il V ~ n'U 'i 1lJ'IJ V ~ fln I ff~ lJ 
" 



31 

UU'Vl'lU 1f1'H::'491':i (2545) '~n1fll':iffmn~fI'IHHfll':itH)fHhn~flltJ':i::~'Uthunfl1~ntlU 
~ , 

tll'H 1':i l'*llm::ntlU tl1'H1':i 19U ~tlfll':ifl1'UfJ1J':i::~'U\h911f1' u~ihtJ 1 ':ifll'U11111U 'lfii91n 2 ~lU 1U 

18 flU 1~Un~ff'lf1tJ 10 flU lm::l'Yiffl1iY~ 8 flU tll~':i::wh~ 30-63 tl iifll':ifl1'UfJ1Jl'U1'H11Utl~ltJ 

':i::~m.htJ nfl1~ (HbAI c<8%) 191tJ '~i''Ufll':i1JnfftltJ' 11 tltlfHhn~flltJ~ltJn1':ii1tJ ~m tJ1tJ 'Yl91fftl'U 
, ~ 

'tln1tJ nfl111J'HUm::~'UthtJnfl1~ 1tJfI:: 1 fli'~1~tJl1f11 30 tJ1n 191fJUU~1~tJff11JfI1'U fI1'UlL':in 

tllff1ffl1m \1:: tltlfHhn ~ fll m~tJ ':i ::tJ::L1f11fftl~ ~t1ml1' 1 tJ'li1~1 '*111 ~ tlU1fJn tltJ hw ii n1':i ~lJ 
JI " , 

\11m! tJ 'H ~91~ n fftl~ ~t1ml1'l tJ fI1'Un fftl ~ fI1'U n ff1lJ 1 11 tltlfHhn ~ fll fJ' tJ ')h~ L '*111 ~ tlU 1 fJn L'H t; tl~ tl 
~ ~ 

~nfftl~~t1ml1' mfJl1n~Lff1 \1fftJ fll':i tltlntl1n~fllfJ 1 tJU~ fI::fI1'U 1~'Yi1fll':i91':i 1\1191':i ::~'U'lh911f11 tJ 
~ ~ 

.t:!I, Q,I .!I,." Q.I 0 Q,I QI " , 

mtl91 ntltJ Lm:: 11 fI ~ ml11':i 'tl nlJ tl lm::ntltJL'lJ1tJ tltJ mfJl1f1 ~ fll ':i tltlnfllfl~ fllfJm ~ "l91'Yl1tJ tlfJ1~ 

~tllatl~L~tJL1f11 24 i'11lJ~ 
~fI fll ':i'Yl91 fI tl~'Yi 'U 11 ':i ::~'Ul'.j ~ fl191C!f1iitJ m fJl1 n ~ tltlntl1n ~ flltJn tlU m 111':i LgtJ fftl~ ~u m 11' 

, ~ 

'IJtl~ H'nl~ tJl'U11111tJ ii~ 1f191f1 ~tllh~iiutJ~hfi'ru'Yl1~ff()~ lm::'Yi'U 11':i ::~'U'I.j 1911f11 tJLt; tl91 'IJtu:: tl91 
~ u 

~ 

ml11':i mtJl1 n ~ tltlntl1n~ flltJntltJ m'H1':i l,*lfftl~ ~uml1'iiu tJ 11 14' lJfl91f1~ UfI::'Yi'U 11':i:: ~'U\.j 1911f1 
~ ., 

1 tJ Lt; tl91 ntltJufl::'Hn~ijtl m111':i~1~"l mtJl1 n ~ fll':i tltlntl1n'lflltJ 24 i'11lJ~ 1 tJ fI1'Untl tlntl1n'l fllfJ 

91tltJU1fJ iiutJ 11 14'lJfl91f1~lJ1nn11f11'U~tltlntl1n~fllmitltJL,*1 

fflJ'Yifl ff ~ltJ i' '1ff~ fJfI (2547) 1 ~'Yi1fll':i ffml1U':i:: ff'Yl ~ ~fI'lJtl~fll':i llnfll':itltlntl1n'lfllfJ 1 tJ 

H'ihfJ hfll'U11111tJ 'lfii91~ 2 ~ii'YitJ1~ ffm'Yi'IJtl~ ':i::'U'UU ':i:: ff1'Yltltll911 tJ ii n'IJtl'l'l111 \1~V~ 1liu ff91~ 
~ 

U':i::ff1'Yltl911 tJ 11~1 tJ ':i:: tJ::lt lJU ':if) (~lf1::U tJ tJ 1 tJ fll':i91 ':i 1\l n1':i 'YiH 1tJ'IJ tl~':i:: 'U'UU':i:: ff1'Yltltll911 tJ 

iifl 'II tl 'I '111 hlJl91':ii1tJ tl~':i::1111~ 1-2.5) U~V~ 1liuff91~mfll':i'Yl1'1f1iliin 'Yi1fllmU~n~lJ~ltld1~ 

191tJii~lJ 11JtJn~lJfl1'UfJlJ (47 ':i1fJ) ufl::n~lJtltlntl1n'lflltJ (44 ':i1fJ) n~lJ~1t'J.{h~'tlm1tJ\l::l'11f1l'l 

91':i1\l191 n1':i l'11~ 1tJ 'II tl ~ ':i::'U 'UU 'l::ff1'Yl tl tll911 tJii n'IJ tl~ '1111 \llJl91':i j1tJ ~ 1fll':i lh tltl ncliL \ltJL ,r1~ 

~l'1fllfJ~'1"l91 (VO[subscript 2]peak) Lm::ff1':innfJ 1f1 cliLfI 91i1lJ 1mJtJLtl1tJ~ (HbAlc) 1tJ'YifllfflJ1 

ntltJ UfI::l1 n'lfll':i 'Yl91 fI tl~ fll 'lllnf1l':i tltl ntl1 n ~ f1l fJ 'Yi 11 ~wnl':i 1-M'~ m tJ1tJ 191'1 ltJ 11 ~ tl ri~'1 91 fI tl91 
~ 
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~ ~ 

,.nrn~·Hr~'UV.:JL1~n::'lJflfln ~::tJ::l1n1ltJm~vvmh~.:JmtJL1~n::fli'.:JV~~::l111.:J 30-60 tJ1n 3 fli'.:J~V 

~11,t1l1 mln~n.:J'UV.:JfI::1l'UtJ~1lJ 1 tJmHl~1~mn;'.:J1tJ'UV.:J~::1.J1.J111::ff1'nVV i~ i tJiifl'Uv·n111 ~ 
'''' ... , ~ 0 .1 i i'" '" 1 d.r lJ1~1!ltJl'n1n1.J 1 l11VlJ1nn11 uff~.:J()~m~'YIl.:J1tJ'UV.:Jl::1.JlJl::ff1'nVV ~ 'UlJn'UV.:Jl11 ~~'U'U 

~nm~'n~nV.:J'Yi1.J11n~lJ~'~i'1.Jm~vvnti1~.:JmtJ 12 ~l1~lM ij~nmllh.:J1tJ'UVn::1.J1.J 
111::ffl'Vl iv i~ i tJiin~fl11.JfllJmnh.:J1tJ '\Jv.:J'Uv.:Jl1 11 ~~n11n~lJfl11.JfllJmh.:Jijl!mhtity'Yll.:Jff(i~ 

i ' 0 '" d.r 1 0 .,; , .,..r d 
~tJnqlJvvnmn.:JmtJ~'\JtJ 10 ~ltJ tJ~ltJ1tJ 44 lltJ (22.72%) 'Uw::'nnqlJfl11.JfllJ~'UtJl'YitJ~ 3 ~ltJ 

! 0 Q ", • ~.l I ~" '.c:I GI 0 cv 
~ln'n.:Jl1lJ~ 4 7 ~ltJ mltJ 1VVnC)fl ~tJ 1'\J1~11.:JmtJ~ .:J~~ l'YilJ'UtJ ~lnfl111lJ~tJ VtJ1.:JlJtJ tJff1flty'Yll.:J 

ff(i~ltJn~lJvvnti1~.:JmtJlrlmntJ1.Jn1.Jn~lJfl11.JfllJ 'nn iflCMln'niilJ iniin n~n.:J~lmhl~lJ~tJ 
VV1.:Jij l! mhtity'Yll.:Jff(i~l tJ n~lJVvnti1~ ~ mmrlm ntJ1.Jn1.J n~lJfl11.J fllJ 

tJqlJn iln1~1~U (2552) '~n1mlffmn~n'UV.:Jmlvvnti1~.:JmtJ~htJmmn1.:JII'UtJ ~V 

mln~ iVmffl~tJ.:J~Vnnlfl~ hfll111~un::l1nv~liiiv~ltJ~ihtJ hfll1.J1l111'U'1fW~~ 2 i~tJn1ml 

vvnti1~.:JmtJ~Vldv.:JtJ1'U111::1J1W 30 tJ1n ~l1mMn:: 3 1'U 11lJ 8 ~l1~lM Ut\'1~~nl~V~nn 
~ 

fl11.Jflm::~1.Jthmn l'Uliiiv~ 

~nnn'n~n V.:J'Yi1.J111 ::~1.J inn i flCMm'n iilJ i nnii'U iifl11lJn ~n~lrl mntl1.Jn1.JflvtJ nn 

'n~nv~ rl1fl11lJ'1~Vmlvvnq'ni'Ufl~VtJ~i1tJiirl1lJln~'U 

..:=t.V , _I 
~1'U 1;)U(q HlJ'::l't1~ 

i ' '''0 ~ .,; lJ1tl Vl1'U1Iln::flW:: (Maiorana et al., 2001) ~'n1mlMnEl111V~~n'Ufl.:Jm';iHfflJ~ff1'U 

mlvvnti1~~mtJUV i liinn1.Jmlflflnti1~.:Jmtl i~tll,rm ~~1'U (~fflJ~ffTUIIU1.Jn11~'U1~\l1) ~ii 
~fll1oW'l~nnnl.:J1'U'UV~l1nV~liiifl~ ltJ~iJ1t1~I~tJ hfll1.J1l111'U'lfiJ~~ 2 1~tln1mlffnEl1 i 'U~iJ1t1 ... ... 

0'" 1 i" "1 ~"1 .0;911 'I" "0 " ", mn~mtl ~tJ l1UH~l'U ~tI11lJ~'U ~tlm~Hn ~tJ L'tfUH~1'U\l1'U1'U 8 'V11(nfl'Umll'Un1lJ 
v v • v 

hhumlJ~1~tJ\lnl1i'1.J~'U!1'Ui,rff1lJl1()tJnV~'~i'Ul::~mj''U~1 55-65% 'UV~ 1 RM l1~~\llnl!'U 

mlJ~1t1mltJmlV hiin i~tJi~~mtlltJl1~V~nn 1~tJiitihl1lJ1t.m~~fl11lJl1l!n 70-85% 'Ufl~~~'il 

mll~tJl1 1 i ~ff ~ff~ ff1'U flnmllJ '1i'~i'1.Jnnvvnti1~.:Jmtlu~mh~ i~ n1nn'n~nfl~1~'Ul1m 8 ... . . 
~U~ 1M lin:: 1~rl1l~tl1n1.Jl1 oW' 1~ nll nN 1'U 'U V~l1 n v~liiiv~ '~lIri rl1nil cu~n , 'nl' tJ 1'V1'i~ 

(Glyceryl trinitrate) ''U 1m'Yi~ff'C)f1i' (Nitroprusside) mcuYin 1f1il'U (acetylcholine) 1I"::m'i~'i1\l 

1 i "·1 "'" ".,; I ~tI 'lf~lJmWflMlllC)fl1~fl11lJ()~~ (High-resolution ultrasound machine) nfl'Um'i'V1~nfl~ II":: 

l1~~m'i'V1~"fl~ 
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~'UffUfl'U U~::flW:: (Dunstan et al., 2002) 1f1'ihfll~ffmJ1L~t).:Jfll~llfl1"vl~uH~1'U~ 
• J/ • 

fll1lJl1U fl~::~lHl.:J L~miWl'U1flUfll1JfllJ~::~1.J1,hfl 1~ (Glycemic control) 1 'U ~~ .:Jt)1QliL~'U 

llflL1J11111'U ')fij,,~ 2 )jiflfJ1h::ff .:JfiL'~t)fffll:l1~~fll~ llfl1"v 1 ~LL H~ 1'U~fll1lJl1 um::~lJ~.:J~ 1j 
J/ 

~~~t)fllniWl'U1fll~fll1JfllJ~::~1.J1,j1f11~ LL~::thff"ril'U 'Ut).:Jl HfllV 1 "vihflUfffll:l11 'U fl~lJ 
• J/ • 

~~.:Jt)1Qli1j11111UflLfi'U LL~::L~'UL1J11111'U')fij"li 2 1jt)1Q~::l1'jH 60-80 iJ ~l'Ul'U 36 fl'U l"v 

LL~.:Jfl~lJl1"~t).:JL ~'U 2 fl~lJ fl~lJm flflt)fl~lJ~ 1 ~i' 1Jfll~ t)t)flfh~.:J fllV 1" V 1 ~U H~l'U ~fflJ ~ff1'U 
J/ • 

tl1J hhumlJfln~,,11111Ufl 1" vl'i 1 flnllfl 1" vl ~UH~l'UL~'Unm 45 'U1li 1"tJL~lJflnllfl' 'U,fl.:J 

2 ff11"111'mfl~fll1lJl1Ufl 50-60% 'Ut).:J 1 RM u~::1jLil111lJ1Vflnllflt)~~~::~1J 75-85% 'Ut).:J 1 

o ~ '1 ~,,~ tI tI" " 
RM 1'1lfll~~fl9l'l1 'Y11~:: 3 L"lffl L"lf91~:: 8-10 flH 1"v'nHt)11mrumn'Yl LL~::t)11mru'')fLLHfl1'U • • 

J/ • • 

ril'Uflflfl~lJ '~i'1J 111~ UmlJfln~,,11111Ufl~fflJ~ff1'Uf)1J l11~umlJli(JflflllJfllJ (L~'U hhumlJli . .. . 
J/ 

'ti1j~~~t)fl11lJLL~.:JU H'Ut).:Jflt\'llJLU t)) 1"v' ,rfl~lJ"1mh~L,j'll1lJ 111mmlJl~'U ~::v::n~l 6 L~ t)'U 
J/ 

"0 Q.l1 Q.I G.lO levi I '0 

U~1'Yl1 fln fI ~1~ 191fl1flln'iWl'U 1fll ~flllJ flm:: 9llJ'U 1f1 1~ u~:: fl1ff91 ffl'U 'Ut)~~ l~fllV flt)'U l'l1fll ':i 

'Yl"~t)~ 11~~l'i1fll~'Yl91~t)~ '11Ut\'1 3 1~t)'U u~::m;~l'i1fll':i'Yl91~t)~ 

~~fll':i'Yl91~t)~""lJl1 ~::~1Jth 1fl~ 1fltMl~'Yl~1lJ 1 fl~iJ'U'Ut)~fl~lJ~ '~i' lJflnt)t)flti1~~fllV • 
J/ • 

191v' i'u ~ ~ ~1'U ~ fflJ ~ff1'U tl1J 111 ~ umlJ fll~~9111111 U fl~"~~ t) fh~1j U V ~hT1tylJ1flfll1fl~ lJn'~ i'lJ 
J/ • J/ 

111mmlJfll~~9111111Ufl~fflJ~ff1'Un1J 1 11mmlJn(JflflllJfllJl1~ i 'U ~::vm;~ 'thfln'Yl"~t)~ 3 1~t)'U .. . 
J/ 

u~::11~~l'i1fll~1'l"~t)~ ril'U~111111Ufl"1 U~::lJl~' 'UlJ'U i 'Ul1~fllV 1jfln~91~~ t)rJ1~1jumhT1ty 
• J/ 

lJ1flfll1 i 'U fl~lJli '~i'1Jfll~ t)t)flti1~~fllv 1"v' ~u ~ ~~1'U~fflJ~ff1'U tllJ 111mmlJ~9111111 Ufl • 

, ,,. ~ ~ ~I d ~ ~ 
~m'Yl'UU~::flru:: (Holten et al., 2004) 9ll'l1flnf1fll:l1I~t)~fll~Hflfl11lJLL'U~UHmt)l""lJ .. 

~li'lJ~'U1r~'U i 'U fl t\'llJ Lift) 1m ~ll~'Ut)~~thv~I~'U hfll1J11111'U 'lfij91~ 2 191vii'fl~lJ~1tlrJ1-!l1~'U 
". t 0 I ~ "~d Q 0 .J ~ , , " ... 
fjtbml1'U1'U 10 fl'U 1I~::fl'llJfl11JfllJL1J'Ufj'YllJ"l'Ufl1""91~1'U1'U 7 fl'U ''If-!l'Yl-!lfft)~fl'llJ 9l':i'Ufll'Jtltlfl 

o Q,I ;. dI d.J.r:::l.J" t d", ',)lQI .& 'I i ~I fll~ ~flltJL .... t) ~flfll1lJlI 'U~ II H 'Yl'U 1 I .... V~l1 'U ~'U1~ ffl'U'U1t)fl'U1~ lJ 91 ':i 'U fll':i ~f)U" mJ1~ " fll'J Hf) 

i " d ~. Q.I",I tI Q.I " , , " , , .c:::. d I 

')ffl11lJ(J 3 flHflt)ffu91111 fl11lJl1'Uflt)~ 'U')f1-!l 10-20 RM u~:: ')f'J::v::nm lJlfl'U 30 'U1'Ylflt) 
J/ • 

fli' ~ l'i1fll~i91 fll~' 11 m1v'U'U t)-!lLilt)91n'U1 u~::11~lJ1ru~1i''U~'U 1r~'U i 'U,f1-!lnm.J fll~'Yl91~tl~lm:: 

m;~fll'J'Yl91~tl-!l 
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". ,. 
fHUll'i 'YI~H' tHl'nJ'h 11.:J f1~ lJ ~il1fJ;;1 ~ U 1 HlL 'U l'H 11UU~:: f1 ~ lJ~;; "l'U fll .... ~',r ~~;; 

~ <i 01 '" "";'1'01 -:tI Q.. ~.1 I .. 01 0 01 , .. 

tHllfJfl ~ .:Jf1U fl (l'Ul'Ul.:J'YI ~'i 'U f1l'i Hf1fl11lJU 'U.:J11 HlJ f1l 'i L .... lJ 'U U (lfJl.:JlJ U {J~lfl q)'U (l.:J f1l 'i If ~L1fJU 

'U (l.:Jln (l~ ~'Ul U~::11~lJ1W ~ 11'U VU ~i1u lJlf1f111'Ul~ 'lii 111'Uf1l'i 1lf1U~ mh.:J' ~ 

lflLsuLm::flw:: (Cohen et aI., 2008) '~nlf1l'iffmnf1l'iY«WJU1'U(l.:Jtnj'1~f1lnh.:J1U'U(l.:J 

lC)f~~1J~U .:Jlf~(l~Ln(l~mr.:J\llf1(l(lf1fh~.:J f1lfJ l~fJ 1 ~m .:J~lU 1 U~il1fJ~L~U 1 'ifll 'Ullf 11U 'lfU~~ 2 

1~fJffm:ll'u~il1fJ~lU1U 28 flU 1L~::UU.:J(l(lf1L~U 2 f1~lJ illun f1~lJ~iIl1'Uf1l'i~U~~i!fu6(l(lf1 
nl~.:Jf1ltJ U~::f1~lJ~f1~'Ui1.J1lf1L(l.:J~~lU ~.:Jl~L1~liUf1l'i1lf114 L~(lU l~fJl11mmlJf1l'i1lf1~(l1lf1 

l~fJl~UH~lUL~UL1~l 45 Ul;; nlf1l'i1lf1~fl11lJlfUf1Lt1J~U 50-60% 'U(l.:J 1 RM u~::~Lilllf1JlfJ 

\lui11il.:Jfl111JlfUf1 75-85% 'U(l.:J 1 RM 1L1l1nlf1lHl'i1\llf,j'1~f1l'inl.:J1U'U(l.:JLC)f~~1J~U.:Jlf"(l~ 

Ln(l~ l~fJl ~illf1l'imLC)f(lf~(l11L11(lfi U f1l'i11'i::Liiu f1l'i i If "'U(l.:Jlf "(l~Lil fl~L~f1'l ~ ~1lf U .:J~ri .:J~" 

~ (l f1l 'i {j~ U ~:: If ~ ~ 1'U (l.:J If'' (l ~ Lil (l ~ ~.:J ill f1ll iii ~i (l (l (lU 1911 .... ~ ~~'U (l.:J (ll ~Yi" 1 fl ~ U 

(Iontophoresis of acetylcholine) U~:: lC)fL~tJ1JiU lm .... ~~'C)f." (Sodium nitroprusside) iUf1l'i 

" 'YI~~(l'U ~f1l'i1~fh'f1~ lfl~LCI'YIgl1J lf1"~U ihlfUf1~1 Lm::fl111J~U 1~i191 1~fJnlf1l'i1~lU'lf1.:J 

n(lUnlf1l'i'YI~~(l.:J 'lf1.:Jnlf1lnl~~(l.:Ji11u1l12 L~(lU LL,,::'lf1.:Jlf~.:Jnlf1l'i'YI~"(l.:J 
" ~~ f1l'i'YI~"(l.:J",,'U11 f1l'i1~f1l'i91(l'U~U(l.:J'U(l.:Jlf~(l~Lil(l~11.:Jtll~Yi" 1 fl~U Ll":: 1 C)fl~fJ1J' U 

191'i .... ~~' C)f.,,~fllL~1J~U (lvl.:J~umhfl\1.llf~.:J\llmhu f1liNf1 14 ff11~ll1' i.:J~(l.:Jf1rl1J'YI~mN LL~ili 
u • 

\PHJ'U ~U (l.:J 'Ufl.:J If ~ (l~ Ln (l ~'U (l.:J fll~Yi" 1 fl ~ U ~ fl111J ff1JY« u.fi flU (l VN ~ 11 fJ ~hflty i U 'lf1.:J n (lU f1l 'j 

'Yl~"(l.:J LL"::lf~.:J\llmhuf1l'i'YI~"(l.:J' 11'112 L~(lU LL"::~fl111Jff1JY«U.fiflU (lVl.:J1Jlf1 i U'lf1.:J~nlf1l'i 
" 1~lf~.:J iYu "l~ f1l 'i 'YI91" (l.:J 

'C)ff1(l~U"::flW:: (Sigal et aI., 2007) 'IInlf1l'iffmJlL~fl.:J~"'Ufl.:Jf1l'i1Jf1LL(l h~f1 
(LL'U'U~(ll~(l.:J) f1l'i1Jf1191fJi~UH~lU U"::f1l'i1Jf1~~~1Ji.:JU(l h~f1LL"::f1l'ii~UH~lU ~~~"~fl 

", I I 

f1l'jfl1'Ufl1J'i::~'Ulh\Pll~ i U~il1tJ;;L~U hflL'Ullf11U'lfU91-n 2 ;;~tllfJ'j::wh.:J 39-70 iJ 191fJnlf1l'i ... . 
191fJ1Jf1191fJi~~f1~lf~(l~mfJ1U~fl111Jlf11f1 60 % 'U(l.:JUmlf1l'il~U111iu~.:J"l91L~UL1"1 15-20 

Ul-n U"::\Pll1J1I1tJf1l'i1lf1~fl111Jlf11f1 75 % 'U(l.:JUmlf1l'iL~U111i1l~.:J~911~UL1m 45 Ul-n f1rl1J~ .. . . 
,.,Q.I.:9 ,.,,., ~ ,., d': cv 0 do 0 .di d 

~fl.:J'91'i'Uf1l'j~f1191fJi'lfuH\PllU ~f1191fJi'lffl11muwf1UllfUf1'illU1U 7 ~mu 191fJ'YIlf11'j~f1~mu,,:: • 
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JI 

f!~n'lUL~'UO~11f1111t]11 l~tJo~11l1~~v.nhm~No 3 fli''l~mYU~ll1 u~::lhm~1~fh'o~ 1f1Ciiml1 

i111 lo~ij'U thff~th'U~v'l~l'lmtJ m111W'~~'U1'Uliiv~ U~::fl1ml11~'U hli~ 
JI 

f.j~m~l1~~v'l'W11·h O~11m~l1~~V'll1'l 3 mi11ijoll~~~'l~V'lfl1'O~ 1f1Ciiml1il11 lo~ij'U 

fl1ff~ff1'U~V'l~1'lmtJ UllJlW'~~'U1'Uliiv~ U~::f11111~'U l~li~ 11~n~11~f.jff11f.jff1'UOllNnl1V h 
I 

.. '" 'I" "1" ,,, ...... 
11on11m~ L~U~'l~l'U 11f.j~ ~~l1f!rt 

1ff~m~11~::mu:: (Wisloff et aI., 2007) '~YhOllffn1l1f.j~~V'lm~NOUV hijf111111111l!n 

ff~1111J11mtJ111VitJ11ti1111V 1 ~ijf1111111~Vl.aV'l 1 'U~ihtJ~I~'U 1 ~mr1 1 \In'11111~1 (Heart failure) l~tJ 

n~11~ihtJijm~m~tJ 75 i111~::ijfl16~~lm~1tvvO~I\l'U~'lf!~I~tJ'l 13 iJ~ililm~vfil~ni'11~v 

'U1Vi l~tJl1,j'l~ihtJVVf11~'U 3 mllJ '~un O~lJ~'~i'11m~Nol1V hijf111111111UmY~lHlJl n~lJ~ 

'~i'11m~Nol1V hijf1111111~V1.aV'l u~::n~lJfl111t]lJ ('1i'~i'11onNnU~vd1'l1~) l~tJn~lJ'Yl~~V'l 
I JI 

ll1nllNOfl11lJO 3 fli''l~VffU~1111~'U~::tJ::l1m 12 ffUml111~::lhon1~fl1'W1~liJl~v{ntl'Um~ 

NOl1~::l1~'lOl1NO fll'W1~liJl~tl{~yhnn1~ '~l1n 11l.r1~m~'t11'l1'U'lJVW)f~~1Jf.jU'l11~tl~liitl~ 

11l!1~m~'t11'l1'U 'lJV'l llJ 1 'YlflV'Ul~1tJ 1~tJ1~ \llnfl1~~Cii1'Ul1U~vh u~::u 1111U~::liJ'UmUfl1'W;1~ • 
I ".d 0 0' Q,I .a SId 0 

f.j~m~'Yl~~V'l'W111111'U1'Ylm~'Yl1'l1'U'lJtl'lIC)f~~1Jf.j'U'l11~V~mV~U~::11'U1'Ylm~'Yl1'll'U'lJtl'l 

'lJ 1 'YlflV'Ul~ 1 tJ 1~tJ1~\llOfl1~~Cii1'lHm~Yh ij nnltJ~ tJ'UutJ~'l~~ wh i 'Un~11~ l~i'11m'j Nnl1tl hij 

nU1J1J11U Off~1111J1 u~::u 1111tJ~::liJ'UmUfl1'W;1~ i 11' f.j~m~ lU~tJ'UUtJ~'l~~ ~'U i 'U..f'lfftl'lO~ lJ • • 

\lm.n.hl1~::mu:: (Tjonna et aI., 2008) hi''t11m~ffn1l11tV'lm~Nf11W hijnu1111'l'l!mY~11 
11111U1 tJ1J1VitJ11ti11m~ NOl1U 1 ~ijf1111111~V1.atl'l~ijf.j~~m~'iJ1tJl1lJ'Yl111Vilo~'U l~~lJ (Metabolic .. 

.k ".'1 d '" I 'i ' 1 ...11 . ~ i".'1 • syndrome) C)f'l~1J1ULlJl1111'Un'U1111V~ 'Un"llJ~tl'l ~f1~'U~'U ~tJ'Yllm~M01l1 'U~1J1tJ1l1'U1'U 32 

f1'U 11~::11,j'l~iJ1UL~lJ 3 O~lJ '~ufi n~lJ~'~i'11m~Nnl1V hijf1111111~Vl.aV'l (6\P1~lm~I~'U..r1ill .. . . 
V~i'U'lf1'l 70% 'lJV'l6\P1~lm~I~'UM1i\l~'lf!~) n~lJ~'~i'11nnNnuv hijf11!111111UmY~1J1111 

(6\P1~lm~I~'U..r1ill~'l~~()'l 90% 'lJU'l6m1m'j!~'U..r1ill~'l~~) lm::n~lJfl111t]lJ ('1i'~i'11m'jNn 
JI 

l1~tldl'l'~) 1~tJn~lJ'Yl~~tl'l't11nnNn 3 f1i''l~VfftJml1 !tl'U~::tJ::l1~l 16 fftJ~ll1 ijm~1~fll • 
JI 

fl11lJffl111~(l i lJm~f1111f1lJ~::~1J'lj1\P11~ ''Uliiv~ tJllJ1W ''IJ~'U ''U1iitl~ ff~ff1'U'lJV'l~1'lmtJ f111lJ • 
~lJ hlli\P1 fl1~I~tJl.,j'tl'l ti11m~ tltlnfh~'lmtJ 11~::On1~11l!1~m~'t11'l1'U 'lJV'l!C)f~~1J~'n!.:Jl1~tlrt 

JI .a Q,I I 0 Q,I 0 

mtlrt 'Yl.:JOtl'U'Yllm~'Ylrt~V'l 11~::m'l.:J'Yl1m~'Ylrt~tl.:J 

F-l~m~'Ylrt~v.:J'W11 ·-,h O~lJ~'~i'11nnNnuv hijf11!111111Um"~11!111i11'F-l~m~ltJ~tJlJl1U~.:J 
JI JI I 

i 'UnnYJ'U~mm~'lJtlU1l1::UlJ'Yll11tliln~lJ lrt'jlJ '~~011 l1.:J i 'U1~tl.:Jfll1lJff1lJ1~(l i 'U mHI111t]lJ 
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" .. 
~::~1JlhlPll~ iULiivlPl t1~1J1W '~~UiULiivlPl ff'1Pl~hU~V~11~fl1V f111lJ~U hlilPl fhliLiiv1,j'v~nu 

l'Vi~'YlLm::f1W:: (Praet et aI., 2008) '~Yhfll1ffmnF-l~fll1NflllPlvi,*LLH~lUF-IfflJF-IfflUnU 

fl1~VVflt11~~fl1mflU'~h~~ iu~ihmU11111U'Jfiifl~ 2 ~ijfll1::LL'Ylm~VU'Yl1~~::UutI~::ffl'Yl iu 

"i! 0 0 ~ 1 iSi .. ! ....... ~ ...... rj 1m'Viff'JflV~lU1U 11 flU 'Yllfl1HIfl flV 'Jf f111lJt'l 3 f1HIPlVfftlml1 lUU~::V::L1~l 10 fftlflll1 

" LL~::";lfl1~1f1fllfl11lJLL ~~m ~ ~ V~ fln'llJL-U V fllfl1~ i ,*VVfl~L ~U ~ ~rrlPl fllfl11lJ~ fl1~VVfl~LIPlYiYl 
" " ~V~fln'llJL-UV (Muscle oxidative capacity) fll~V~'~~uiuLC)fmffln'llJL-UV (Intramyocellular 

lipid) fllfl11lJ~~V~f111lJl1Ufl~lU~~rrfl (Maximal workload capacity) fllfl1~L~U'fl~ lf1L~U 
" . " 

(Glycogen storage) fllfl1~f11UfJlJ~::~U'\.h\Pll~ LL~::fllYi;HlPlfl1~flflLffU (Inflammation markers) 

" 
11~ nvu"; lfl1~ 'Yl1Pl ~ V~ LL~::l1 ~~..; lfll~'Yl1Pl ~ V~ 

" . 
LC)f~"'fl~llJL-U V LL91 hjijfll1 LtI~VULL tI~~~V~fll 'fl~ 1 f1~L~'Yl i llJ 1 fl~iiu fllfl11lJ ~fll'JVVfl~LIPlYiYl 

lJl{rimm::mu:: (Marcus et aI., 2008) '~";lfll~ffmnL~~LmvULYivU~::l1':h~fll~HflLLV hiifl 

F-IfflJF-IfflU nUfll1VVflt11~~fl1V 11Plvi ,*LL~ ~~lULLUULVfI!C)fUIPl~f1 LtI'1 VUL YivunUfll1 HflLLV 1 'Jiifl 

flcilJLLm '~i'Ufll1HflLLV 1 ~iiflF-lfflJF-IfflUnUfll'JVVflt11~~fllV 1lPlvi,*m ~~lU LL~::flcilJ~ffV~ '~i'u • • 
" fll~HflLLUULlV hiiflLYiv~mh~L~V111~ffV~fl~lJ";lfll~HflLflu~::v::L1~116 ff't1m,1 Ll~::l'hfl1111Pl 

fll'Vil~liiLIPl V{ n vu fll~Y11Pl ~ V~Lm::l1~~fll~ Y11Pl~ V~ 1 IPl Vfll~"; 1 fl1~ 11Pl '~LLn fl1~ LtI~VULLtI~~~V~ 
" fl~llJLUVLL~::'~~UU~L1W~U~l fll'fl~ 1f1~L~Y1i1lJ lfl~iiu ~'JfUlJ1~fl1V (Body mass index; 

BMI) LL~::fll'JY1lPlffVU'J::V::Y11~fll'JL~UfllViuL1m 6 U1Yi (6-minute walk distance) 

" F-I~fll1Y1IPl~V~'ViUil l1~ffV~flcilJijfll~~IPl~~~V~fll 'fl~ 1 f1~mY1i1lJ 1 fl~iiuv~HLlfu'~ • 

ilPl Ll~hjijfl11lJLLlPlfl~1~nu 'J::11 il~fl~lJ fl~lJ~flLLV hiiflF-lfflJ F-IfflU nu fll'J VVflt11~~fllV 1 IPl vi '* 
." " 

LL ~ ~ ~lU ijfll ~ L tI~ VULL tI~ ~ fl~ llJLUVU~ L 1W ~ U ~11J1flflil LL ~::11 ~ ffV~flci lJij fl1~ ~1Pl ~ ~~ V~, ~~U . 
" " fllvi 'U fl~llJLUV LL~::fll~'b'iilJ1~fllV ri1'U~::v::m~fll~ L~'UfllVhJ'J::V::L1m 6 'U1Yi~V~11~ffV~ 

. 0,,,.1 
fl~lJffllJlHlm IPllJlfl~'U 



• 
"'" Unn3 

fill 1~ m ~ tl~ f.I~"tl~ fill llfiL1tl h UmL 1111 '1h~l1,r m"~11111l~ ij ~ tl~" ~lJ'l 'Hl'U~L1~~fill 
~ . 

fl111TllJ'j~~mh~1~ ''U~{htJ 1'lflL1Jl1111'U'1I'ii~n 2 lr1'Um'l1~tJL~~YI~~tl~ (Experimental Design) 

ij 1~ q 11 'l~ ~ ~fiLfttlfffilllf.l~"tl~ fil'l tltlfinl ~ ~ filtJL1 tll 'l ij fiL11111'1i1~ 11,r fi~~ 11 L 1Jl~ ij~ tl 
~ . . 

~"~lJn(l'U~L1~~m'lfl111TllJ'j~~mh~1~ ''U~{htJnLrI'UL1Jl1111'U'1I'ii~n 2 L1~~LmtJ111ntJ11miNn 

Lltl hUt1Ll111J'1h~l1,rfi~~1JI1Jlf.l~lJf.I~l'Ut11Jm'l',*UH~l'U t111m'l1Jt1Lltl hun U1J1J'1i1 ,m,rn~~1J 
~ . 

l1Jl U~~m'lllfi i~tJ',*L1H~l'U ;r'U~tl'Umnh1~tJ'~Hl'Uf)1'lVi~1'HUl i~tJflw~m'llJf)1'lVi~llWl 

~~tJTi'l'llJm'l1~tJ''Ufl'U fi~lJ~l1~m,r'U'J~~~ 1 ~Wl~~mWlJl1l1Y1tJl~tJ 1~tJij1~~hliJ'Um'l1~tJ 

'<OJ , 
fl'llJ~18t1N . ~ 

milJ9l1flth~ni ,*lrl'Utl1~l~iJfl 'n1~I~ff')j'ltJU~~I~ffl1 ru~ '\Jtl~')j'lJ 'ilJl1J11111'U 1 'l ~~tJl1Jl~ 
• u 

\Jwl~~mw nH1YI~lJ111'Um ijtl1tJ'l~l1il~ 60 - 70 iJ ~~{htJLrI'U hfll1Jl1111'U')j'iJ~~ 2 ~1'U1'U •• • 

fi~lJ9l1flth~ 32 fl'U l~tJutl~tltlt1LrI'U 4 n~lJ fi~lJ~~ 8 fl'U '~L1n 

1. fi~lJ~'ti'~i'1Jfi\Jm'llJm'lm)f)fh~~mtJu~tldl~i~ (Control group; C) 

2. nrllJ~1~i'1Jf)1'ltlfJf)nl~~mtJlltl hUml1J1J'1i1~11,rn~~1Jl1Jl (Aerobic interval • 
group; AI) 

3. nrllJ~'~i'1Jm'ltltlnnl~~mtJ i~tJi,*l1H~l\.J (Resistance training group; R) • 
4. nrllJ~1~i'1Jm'ltltlnnl~~mtJlltl hunu1J1J')h~11,rm"~1Jl1J1f.1~lJf.I~1'Ut11Jm'ii,* • 

llHlPl'l'U (Aerobic interval with integration of resistance trainning group; AIR) 

lnWC)1"Ufll'iflVll~tlflfl~lJgJl8fh:J 

LfiWct1i\.Jm'lTi~I,rl (Inclusion criteria) 

1. nrllJ9l1tldl~~tl~I~'U~{htJLlJl1111'U'1I'iJ~~ 2 ~~iirh'fi~ lfl;mYlillJ ln~u'U flti ... .. 
~ . 

iU'1h~ 6.S - 10 % l1~~iirlll~~mh~l~iul~tl~l1~~\Jlnf)1'ltl~tl1l1l'lI~'Ul1m 8 ~11lJ~lJlfinil 

126 iJ~ilni'lJ~tll~c)fil~'l 1 ~tJ~1~tJ ,~,r tllJ~ \Jlfiml1tJl1')j''l:a utJu U~ ~ij m'lll ~~U~Yl61~ tJ~f)1 'i 'Nn .. .. 
tltl nnl"~ n ltJ'\J tl~ ~tJ 1tJ~1 ~u nrllJ9l 1tldl~ .. . 
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2. mi lJ 9i 1fl th~ ~ ~H "jij f) 11:: U'YI 'I O~fltJ ti\HfhHll fl h fl11.1 ll111tJ 1~un 

" "1.:...." fl11:;U'YI'IOttffltJ'YI1~ff1tJ911 fl11:;U 'YI'IOttffltJ 'YI1~ 9lL'IflH fl11:;U'YI'IOttffltJ 'YI1~'I::1.11.1tI'I:;ff1'Y1 hfl 

"I ... , 1 "I 1 "I' .1" ~,...., 
l1nflflmflfll11 ~ 'Ifll1'ClflflmflflfflJfl~ un:; 'Ifl~fl~l1'Clflflmflflff1tJun1t1'I1t1m~ ttf~0"llJ911fltlH 

. " 
l'lflfltJ ~fl~~ltJ 0l'Iii10l'I'YIflfffl1.1fl11lJ .... !fllJnfltJonflflOfh"'~Oltl 1 fltlOl'I~flfitJ 1 vJ vh 111 , ~11~ 

12 ~fl 'tJ~f.U::flflOfh"'~Oltl (Exercise stress test) U'cl:; 1li .... 1.1fl11lJ~fltlO~~fl~fl~tJ 1vJ vh 111 , ~ 

3. fl~lJ9i1flth~~fl~ 1li1~1~1~1lJ' tJ on 1101 tI 'I Ufl'IlJOl'IflflOfh"'~Oltlflth~l~tJ 

'I:;1.11.1'tJ'lf1~ 6 1~fltJnfltJii10l'I1~tI 

4. 0~lJ9i1fld1~~fl~ 1li1~11.1f)1l1nlff~lJfl~1~tJtI'I:;~1 U'Cl:;~fl~ 1li"l1.11Jl1 i 
5. fl~lJ9i 1fldHijfl11lJff~m' ~, tJ Ol'Il~l~ 1lJ' tJ fl1'I1~ tI un:; fJtJ~'Cl~tJ1lJ' tJ' 1.1 

Q " • .t::IioQl 

tltJ tlfllJl~1'I1lJ 0l'I 1~W 

.. , ... 
lOWcn tJOl'IflflflflO <Exclusion criteria) 

1. fl~lJ9i1fldHlnfl1l191~fl1fftl~ii1' 11'1li ff1lJ1'HH~ 1~1lJfl1'I 1~tI~fl 1~ l'lftJ on 

d Q.I.t::Iio .r:!I Q d ... '1 ~" 
1J1fll~1.1~10fl1.1\Pl1l1\Pll1'IfllJmOl'Il~Uu1t1 llJtJ91tJ • • 

. . 
~ ~ ~~ cv 4 ' '''' 

lfl 'lfl~lJfl't1I11lll 0l'lflvUtlOflflQlJYl10UH 

1. U1.1UiJtJ'YiO~fllJ'Cl~ll11UorilJ9i1fldH l1~~H~ijff1tJ~1lJitJ01'I1~tI 
~ . ~ 

(PatientlParticipant Sheet) 1 ~ fl' 11' 'YI 'I 1U -;btl 'I :;'lnO 'I 9i 1fl dH '11 ~ fl ~ij ff1tJ ~ 1lJ i tJ on 1 ~ tlij 

fl W fflJiJ~\Pl 'I ~ flU LOW C¥i'i tJ 0l'I fifll~ 1 • 

3. U uutI 'I:; IiJtJ fl11lJ .... ! fllJn fltJ 0l'I fl flon1'" ~ Ol tI 

'fl ~ 0 ~lj 0 til11-l1.J fll;N flfll '1 00 fl n 1 ~ ~ OlU 

,.:I" ... 1 QI 

1. 'Clon (Treadmill tl'I1fl HP Cosmos Mercury ~10u'I:;1'YIf1Wfl':ilJtJ) 
~ 

2. lfl~fl ,:urfffl~fl\Pl'I1fl1'Il~tJ~fl~111i~ (Heart rate monitor ~11'fl Polar Team 2 Pro 

~10tl'I :;1'Y1f1ff111! mlJ~fl1) 
"" .. 

3. fllJ1U'Cl'Cl (Dumbbell) 
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, " 
1. lfl~6~1~m'ih'~'\IfHl~6~ilJfhVll1U(lff~1m~I9f6{ (Laser Doppler flowmeter 

~,r6 DRT4 MoorLAB, Moor instrument ~lm.h::ll1fftl~nt)'I:l) 
2. lfl~6~~lJlLHll1~(l~~~ (Centrifugator ~,r6 Kendro ilJ D-37520 Osterode ~ln 

1.h:: 1 'VI ffW 6 'i 11 lJ) 

"d.d .,;". _I 
3. ~WlJlL'b'U'\l~ (Freezer (l'H6 Lab Tech ~lJ Environmental Test Room ~lnlJ'i::ll1ff 

... "'" 
'fl1MtJtlnYl'iltltJ'iltJ1'fJ.fll't'tnl~flUJ 

Jt cv -' ... 1 I ~ " • 

1. lfl'i6~1~6~fllJ'i::m)'ml~m(l (Body composition analyzer (l'H6 Biospace llJ In 

body 220 ~lnl1'i::ll1ffln1'H~h 
, , "'" '" '" 1 Cl Q,/ ~ " , 2. lm6~1~fl11lJ~lJ ~'H~'I.Iw::'Vm (Digital blood pressure (l'H6 Omron llJ SEM-l 

model ~lnl1'i::l'VIffijm~) 
.a ~ 0' r:J d " I 

3. lfl'i6~11ml::'HlLnff (cardiopulmonary gas exchange system (l116 Cortex ru 
Metamax 3B: Breath by breath ~lnl1'i::l'YlffW6'il1lJ) 

4. Ifl~6~"ff~~tl\Pl'ilm'il<;)'t.J'I.I6~111t~ (Heart rate monitor ~,r6 Polar Team 2 Pro 

~ lnl1 'i ::ll1ffffl1 1'i 61lJ 1 m) 

<I .'" 1 t" " .-i.o;.!ll " ,:" " " 5. 611mwm'i66nm~~m(l ~(l 'IHlH\Pll'UI'Yi6HnnmlJIlJ6\PllJ'I.I1~llJl1lJl • , d" .. I QI.c:), 

(Leg extension machine (l116 Nuatilus ~lnlJ'i::ll1ffffl1'ii6llJ'im) 

<I .'" 1 t" " .-i.o;.!ll " ,:" " '" 6. 611mwn1'imJnm~~m(l ~(l 'b'lIHm'UI'Yi6Hnn~llJIlJ6\PllJ'I.I1~llJl1"~ • 

, d" ... 1 Q.I ~ 
{Incline chest press machine (l'H6 Nuatilus ~lnlJ'i::I'VIffff'H'ii6llJ'im 

<I • '" 1 t " " .-i.o;.!ll " ,: '" .,; " 8. 611mwm'i66nm"~m(l ~(l 'b'lIH\PlllJI'Yi6HnnmlJIlJ611"~ (Lat machine (l116 • 
Nuatilus ~lnl1'i::I'VIffffl11'i61lJ1m 

9. nri6~1~fl11lJfj~11~'U'I.I6~11~m(l (Sit and reach box) 
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'fI~t)~ijt)m,nUfll,,yunfl.ut)1J" 
" 

1. lLlJ1J1JlJ.yjfl'lj'mJClfi11l111'Y11·H"~1~hIV1 1~llri ,hHl1flfi1 ~hlJff~ fl;)':i1fll11~lJ 
~ ~ 

~tI~;~"':i~W::'tifl fl11lJ~lJ hit;) ~'lfi1lJ1ClflltJ lLCl::fl;)11ff1lJ1t1lJ1tJ1';tl1t1lJff:: l~fl 

2. lL lJmJ lJ.yj flflU 11 1:: 1~ lJ il'\J fflJ 1 HllJ:: 1 ~ uri tI ~ fi 11 1:: fltl lJ '\J tI.:J'; H fll tJ fl11lJ 

d ",: 1..., Q.I 

U '\J~ m ~ UCl::fl11lJ tI;)'YIlJ '\JtI~ flCl1lJ1lJ tI fl11lJ tI tllJ;) 1 UCl::fl11lJ tI;) 'YIlJ ~ tI~ 1::lJ lJ'I11'" 11 Cl::flU 

'I11tJ i" 

IV .od .Q,.::t d .a i"'.q: 4 
3. UlJlJlJlJ'YIflfll1111::1lJlJff1':i'lf11fllJ' lJiCltlfl ~Ufl 111lJ1W lJ1;)lCl i lJiCltlft~W:: tift 

tJl'l1l':i1r1lJl1Cl1 8 ,t11lJ~ iflCllflCMLCl'YIillJlflClijlJ 11~1JlWi~iJlJilJ1tltl~ i~uri flCltILClff1;)tl1t1Cl 

UCl:: 1m fl~19ftl i 1~ 11Cl::11~lJ1W ~fJ~~ Utlfl'Yi~tltlflCM1"lJ ffiJCM~ 1ft tJfl'l~ ij~ "lflfll1;)':i1"1JlCl tllJ ift 

""i .. tltIClft gft 

" . 
4. 11 lJ lJ l1lJ .yj fl fll ':i 11 ':i :: Llj lJ fll':i I'll Cl ~ tI ~ 1 tl tI ft i'lJ fl1 'YI11 i1 tJ ff 1 rllJ fll':i 'YI ft ff tI lJ mhYi 

.. 
cv d ~qJ c1 11 
'UU Vl8U fll' ft fllJ 11,UJUt1:: fl1 'j' fllJ 'j 1tJ 'j 1'l1'U 81Jt1 

", "", 
~iitJuU~;JlJ;)tllJfll':iiitJtltlm~lJ 2 ;JlJ;)tllJi~uri ;JlJ;)tllJn 1 fll':iffr1n11ulJlJfll':itltlfl .. .. 

" . 
Uti hijfl11lJ1J'lh~'I1l1 flff~lJ1lJ1~fflJ~ff1lJ tllJfll':i i ,*m ~vl'n.! UCl::;JlJ ;)tI'U n 2 fll':i ftmmHl~tI~fll':i 

tltIflfh~~flltJUtl 11ij m1lJlJ'lh~'I1l1flff~1.HlJ 1 fll':i tltIflfh~ ~ flltJ 1 fttJ 1 ,*u Hvl'llJ UCl:: fll':i tltIfltlT'" ~ 

flltJ11t1 1 ':iijflulJlJi1~'I111 fl'l1l1 flff~lJ11Jl~fflJ~ff1lJ tl'U fll':i 1 ,*m ~vl'llJ ~ ~ i 'U U';Cl::~'U;) tI'Uiji~ fll':i 
" o.q QQI QI.cS 

ft11'UlJfll':i1"tJ ft~'U 

.frUVl8U~ 1 fll':iffr1~':itlU'U'Ufll':itltlflth~~flltJUtI hijflUlJ'U'lh~'Hl1flff"'l.H1Jl fll':i .. 
tltIflfh~~ flltJ 1 fttJ i ,*m ~vl'llJ 1iCl:: fll':i tltIflfh~ ~flltJ11t1 11 ij fl11 'U'U 'If'H 'H 11 flff~'U11Jl rlfflJrlff1'U tl'U 

fll':ii,*m~vl'llJ 11':i::fltl'U~ltJ 

" 
1. ;J 'U 1;) ~ tJlJfl11lJ~ r tllJ~ tI~ Hi i tJu Cl::fll ':i ffr 1ntlu 'U'Ufll':i tI tlfl fi 1" ~ flltJ i ~u ri .. .. 

.od do Q.I 0 IV 0 Q.I 

1.1 fll':i'YI'U'YI1'U 1nw fl':i':ilJ1iCl::fl'fl'l411t1flffl':i1fltJ1fl'Ufll':itltlfl fllCl ~ flltJff1'H ':i'U 

~1J1m1Jl'l111'U'lfijft~ 2 

" 
1.2 fll':ifl fti1fl1 1~a111 Cl:: ffr H ':i tlu 'U'U fll ':i tltIfl fi 1" ~ flltJ llJ U';Cl::: tl n 1fl'YI~~ i1 .. 
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II • 

tllfJ 1 ~fJ1fl'U m::1J'l'U tll':i' ~Yf~~~l'U 'lJV~fl~llJLUvli~ v~, ~VVfl;L 'iI'U ')hfJ' 'U tll'HY'U ~l1tJ L fl'U tll':i 

VVflti1~~fl1fJ~Vi1' M'Vfl':i1fl1':iL~'U'lJV~111' 'ilvd' 'U'li1~tJ':i::lJ1W 80-90% 'lJV~flfl':i1fl1':iL~'U111 i 'iI 

fJ~~~ ff~'Ut1'Utll':iVi1' M'VfI':i1tll':iL~'U111 i'iI'cl~'cl~lJ1' 'U'li1~tJ':i::lJlW 60-70% 'lJV~flfl':i1tll':iL~'U 

111''ilfJ~~~ (Earnest, 2008) 'il1fll1~fltll':i~~mh1 ~1~fJ~~VvmL'U'Utll':iVVflti1~~tllfJ l~m~lJtll':i 

V'U~'U';l~tllfJ 1~mYilJfl11lJL~1 Lm::fl11lJi'U 'iI'U'lJV~~~~ 1 tJon::~'Ufl11lJl1,r fl 70% 'lJV~flfl ':i1tll':i 

" .... , ~ ... " " .... , 1""; .... " .... i lfl'U111 'ilfJ~~~ llJ'UL1'cl1 10 'U1Y1 flHtll':iLfI'U'lJV~111 'iI 1Y1 70 % '\JV~VfI':i1tll':ilfl'U111 'ilfJ~~~ 

Lfl'U 11'cl1 4 'U1li ~~tJi''ULYilJfl11lJL~1 U'cl::fl11lJi'U'\Jv~~fl'cl'il'UO~':i::~'Ufl11lJl1,rfl 85% 'lJV-3flfl':i1 

" .... , ~ ... .1'" ... d .... a'''.... " tll':iLfI'U111 'ilfJ~~~ LlJ'UL1'cl1 1 'U1Y1 LL'cl::lJ':i'U'cl~':i::~'Ufl11lJL':i1 LL'cl::fl11lJ'lf'UL..,V l1VfI':iltll':ilfl'U 

'\JV~111i'ilvd~ 70% 'lJV~VfI':i1tll':iL~'U111''ilfJ~~~ Lfl'UL1'cl14 'U1li U~1L~lJVi1Ll1;jV'Ut1'Utll':iVVfl 

ti1~~tllfJi 'UflV'UU':ifl 1 ~fJVi1LYilJVfl 3 'lt~ U'cl::LrlV'iI'U'l!~~~n 1fJ' M'Vi 1 tll':i ~V'U fl'cl1mfl'UL1'cl1 5 

'Ulli ~~'iI::'~11'clli'Ufll':illmf~l1lJ~ 35 'Ulli 1~fJ11~ ltJ':iumlJiM'HL'u\hlJ1~fJVi1tll':illfl 3 flf~~v .. 
fftJ~l..1 

~ ,~~ 

'U111l':ifl~llJ1UVl1 ~fl'IJV~':h~tllfJ l~fJ1u'Ulifl~llJLUV,j~ i l1q! ~~,r 'U ~1~fJ~-3 1,)'VVflmJ'U'YilYll.:l 

tll':iVVfltil~.:ItllfJH 5 'Yi1 1,)'un 

• ~ ~ d ".: 
- YllL'U'U1YfHY (Bench press) IlJ'Utll':iHflfl11lJU'IJ~U':i~'lJV~flmlJl'UV 

II 

" . " "I.... • 11'U1Vfl (Pectorahs) Lm::fl'cl1lJL'UVl1'cl~U'IJ'U (Tncep) 

I "''I' "''I' '" ~ ~I d 
- YIll'U'UYI LVL1V':i L':i1 (Bent over row) LlJ'Utll':iHflfl11lJU'IJ~UH'lJV.:I 

II II 

fl~llJ1UVl1~.:I (Lattisimus dorsi) U'cl::fl~llJ1UVl1U1U'IJ'U (Bicep) 

- 'Yi11ml~tJfiflU~fl (Dumbbell triceps kickback) Lfl'Ufll':illflfl11lJ 

d ".: .... 
U'IJ.:IU':i .:I'lJV.:I fl'clllJA'U Vl1'cl.:lU'IJ'U 

- 'YilUV'U l~iJ,r'cllfi{'cl (Abdominal curls) Lfl'Ufll':illflfl11lJU~-3LLH 
II 

" "I ," • 'lJV~fl'cl1lJl'UVfl'cllJYlV.:I (Abdommal) • 
II • 

- 'Yi1''''fl1VYI (Squat) Lfl'Ufll':illflfl~llJ1UV'\Jl l~mllYfl::mh.:lu.:lfl~lJ 
II 

" "I" "" • fl'clllJl'U VfI'U'lJl~l'Ul1'Ul (Quadricep) 

Viltll':illfl'Yil'cl:: 4191"fI 191"fI'cl:: 6-8 RM 1~fJih::fJ::L1mi'Utll':i~flLL~'cl::191"flV~i'U'ti1.:1 1-2 'Ulli U'cl:: 
II 

'M'Hl.,j'1~1lJ1~fJVilfll':illfl 3 fli'~~VfftJ~l..1 .. 
1.2.3 tll':iVVfltil~.:ItllfJUV hUflU'U'U'lf1.:1l1,r m"~'Ul'U1HfflJ~Hn'U t1'Utll':i 

i i'm .:I~l'U Ll1'U ':itJU'U'Utll':i VVflti1~.:ItllfJ~iitll':it11 i 'U ri1'U 'lJV.:Itll':i VVfltil~.:I tllfJU V 1 ':i U flU 'U'U'lf1.:1 .. 
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. " 
lIfl hfinll1J1J,hnnrnffi11JL1Jl111~m~tJ~,h~L~llfl11ll11Un 2 flf~ u~::nn1Jn hw1'*uHy\'nJ 

L'I1 ~flL~tJ~ 'Vh~:: 2 L9ffl Ll n'1~ ~\hlllnll ti'UL~ flL ~lu nl'l' fl11Jfllln~ 11 'U Ll~ ~:: mi llm'l' flflnfhi1~ mtJ • • " . . 
1 Mllhti'U m'l' flflnfhi1~mtJfuillih~ll 1fltJflflnfhi1~mtJ 1 fltJ 1 ,*m ~y\'1'U l1ijfl11ll11U n 1 'ULL~~::L9ffl . " 
6-8 RM 1fltJih'Vh~:: 2 L9ffl (11J'l'1llL9ffll1ihm'l'fl1J~'U';'~mtJ) L9ffl~:: 6-8 flf~ t1111'Ufl,h~Yl'n 

, '1' "'1' ooi , " .... , '0'1 0'1 0' '1 d.I"'" 'l'::111HL9fflfl~ 'U't11~ 1-2 'Ul'Y1 fltJ'YIl'YI 't1flfl 'YI1L1J'UL~'l'ff 'YI1L1J'U'YI flnfl'l' 'l'1 'YIl fl'l'L9flJfln 

. " 
y\'1'ULL~11 Mflflnt11i1~mtJ1J'U~n~ 1fltJmill~1flth~~flLfllfl~Llfffl~flmlm'l'Iy\''U'Ufl~1111 ~ ~lnu'U 

L~llm'l'fl1J~'U ~ l~mtJ 1 flm~llfl11llL~11L~::fl11lli''U ~'U' 11~~'l'::~1Jfl11ll11U n 70% 'Ufl~flfl'l'lm'l' 

Ly\''U1111~~~~fl L~'Un~l 5 'Ull1 ti'Hm'l'L~'U'Ufl~1111~'~~ 70% 'Ufl-3flmlm'l'L~'U111h~-3~flL~'U 
nm 4 'Ull1 ~~11f'UL~llfl11llL~1 Ll~::fl11lli''U'Ufl~~n~~'U~-3'l'::~'Ufl11ll11un 85% 'Ufl-3flmlm'l' 

" ... 1 ~ d .1'" ... d '" .a 1"'" " lfl'U111 ~~-3~fl LlJ'Unm 1 'Ul'Y1 Ll~::lJ'l''U~fl'l'::fl'Ufl11llL'l'1 Ll~::fl11ll't1'UL~fl l1flfl'l'lm'l'Lfl'U'Ufl-3 

1111~fl~~ 70% 'Ufl-3flmlm'l'L~'U1111~~~~fl L~'UL1~14 'Ull1 l~llm'l'L~llfl11llL~11L~::fl11lli''U 

'Ufl-3~n~~'U~-3'l'::~'Ufl11ll11un 85% 'Ufl~flmlm'l'Ly\''U1111~~-3~flL~'Un~1 1 'Ull1 ~nflf-311~-3 
0' ~ "'.k 1 " 1 o:tl! d 1 1. 1 1 " Ll~::'YIlm'l'f-lfl'Ufl~lmlJ'UL1~l 5 'Ul'Y1 9f~~:: 't1L1~1 'Um'l'Hn'YI-311llfl 35 'Ul'Y1 fltJ11-3 lJmmll 11 

~.: -Cl ~ t .d 
2. fl n ~ fffl'Ufl11llfl HL 't1-3 L'U fl111 (Validity) Ll ~:: 1Lfl 'l' 1::11 111fl1fl11ll I 'YI tJ~ 

(Reliability) 

2.1 ff~ 1-3Ll 'U 'U 11 'l' ::11J 'U fl11ll L'I1ll 1:: ffll fllll fl-3 Tl'11 'l':: n fl'U m 'l' flflnt11~ -3 m tJ 

Llfl hfimL'U'U'lf1-311Unff~'Ul'Ul m'l'flflnt11~-3mtJ 1fltJ1'*LlHy\'1'U Ll~::nnflflnt11~-3mtJLlfl hfin 

" 1L'U'U'lf1~l1Unff~'UL'Ul Ll~::1M'\.h'tJ1M~'YIHTlWll'll ifi'Llf1 'l'fl-3fflfffl'l'1~n6 my. nfl'UfJ~ ~-3~'U 

~'Um ~'lf1tJfflfffl'l'1~1'l'U m. 't1u'U'YI1i'tJ U'Ul1'l'lmW ~'lf1tJfflffmlll1'l'U ~fl. m. ~~i'tJ 't11'Ui'lf .. .,. 
" , ~ Q,I Q,I tI ric. rllQ" rI Q 

tJ::fJ~ ~'lf1tJfflffml~1'l'tJ 'U'VL "lfllltJ ~'U'YIn'i'U1i Ll~::fl1~l'Wff'YI1il ~nm\!~tJ fl'l'11l .... 1l1'l'Wl 

" fl11llflHL;f-3L Utl111'Ufl-3Ll 'U'U11 'l'::L1J'U 1 fl tJ 1 ,*rll~'lfU fl11llfftlfl fl~ t1-3 (Item Objective Congruence, 

IOC) ~-3rll~rll'U1w'fi'~fl-31J1nnil 0.50 (Cox and Vargas, 1996) ~lmf'U~l~tJihn1'l'Llti'i'U 
tJf'U1J~ ~LL'U'U11'l'::L1J'UfI1llrllLL'U::Ul'Ufl~~'YI'l' ~TlW 1 I'll 

" . 
2.2 Ul~111L'U'Um'l'flflnt11~-3mtJl1-3 3 11'l'::lfl'YI' 111 ,*n~'Un~llfl1fflffiTml1L~'U 

hflL'U11111'U't1Ufl~ 2 ~1'U1'U 6 fl'U L11.j-3t1t1m~'Unrill~:: 2 fl'U ~1'U1'U 3 mill lfltJLl~~::nrill'fi'f'U . .. 
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" ". 
~fl~..r11 ~~W::flflf)fh~'Hnt/ 1~t/Yi101'ii~";~111J~ 6 fli' ~ LVffl'Yl~fffllJfl111JL;lU 1tJ1~u"'::111th 

..J 
fl111J L 'Ylt/~ ~ fl ~ U lJ lJ'Yl ~ ff fl lJ 

.fi''Ug)tl'U~ 2 fillffmn~m~fl~01'iflflflth~~01t/Ufl hUf1LLlJlJ,f1~11l!fiff~lJl1J1 fill 

flflf1fh~-301t/ 1~t/1 ~U'i ~~l'U U"'::01'iflflf1fh~~01t/uv 1 'iUf1LLlJlJ,f1-311 l!fil1 l! fiff~lJl1J1~ff1J~ff1tJ 

tllJ01'i l~l1H~ltJ 

1. ~~,jflLL"'::fl~Li1flfifi~1J~1mh~~L~tJ hflllJ11111tJ'lfij~~ 2 1~t/01'iffiJm1\l 

L.,j'1~11JLm::~hLijtJfil'mlhfi~1J'Yl~"'fl~VmJ 1~t/11ifill~1JflV1~~1t/ (Simple Random Sampling) 

d Q.I' 0 Q.I ~.d" Q.I ClQ.l 

fil'i 111 'i t/1J1I1fifltJ fil 'i flflfi 01'" ~01t/9f~ 1f1t/1~ ~N filJ~ltJ 1\l t/ 

3. fi~1J~ 1flV1~ 1~ i' lJ'Yl 'i1lJ 'i 1 t/'" :atl t/~ ~ fl~ 11itJ il u~~ 11 tJ 01 'i'Yl ~ fffllJ11 "':: fill 

d " 1 1 ~ " , .QCI.I 
If1lJ~fl1J'" lm::"'~tJ11J tJ lJt/tJt/fl1JL~1'i11J01'i1\lt/ .. 

, OJ 

U1J1J'V1-3'11'Ufl 

tfil1Jl1Jl (AI) 

" 4. O1iNfi01'iflflf1fh~~01t/ttJU,j"'::fi~1J'Yl~"'fl~ (mfl~tJ1fi 9f) ijfl~i1 

flflf1fh~~01t/lJtJ ~ fi'" 1 ~t/fi~ 1J~ 1flVl-3~ fllfl~ fl~ II fffl ~ VlI 'i1 O1'i L~ tJ ~ tN .. . 
..r11 \l \llmftJL~1J01'iflm)tJ~l~01t/ 1~mvi1Jfl111JL~ 1 11"'::fl111JitJ \ltJ 1 tJ~~ • 
'i::fllJfl111J11l!fi 70% ~fl-3Vm101'il~tJ..r11~~-3"l~ l~tJl1"'l 10 tJl'Vi t>i'l~01'i 

L~tJ~fl~..r1 1\l 1 ~~ 70 % ~fl~Vm101'iL~tJ..r1 1 \l~-3"l~l~tJ 11"'1 4 tJ1li ~~tJi'lJ 
~ d QI I .dl Q.I Q,I Q,I 

1~1Jfl111Jl 'i111"'::fl111J'lftJ~fl~'Jfi"'1l'lHl~'i::~lJfl111Jl1tJ fi 85% ~~N flll 'i101'i 

" .... 1 ~ '" _I.... .... d .... 
ll1tJ111 \l~~"l~ llJtJl1Cl1 1 tJ1'Yl 11"'::u'ilJ"'~'i::~lJfl111JL'i111"'::fl111J'b'tJ 

n~fl 1~Vm101'iL~tJ~fl~..r1 1 \lflV~ 70% ~fl~Vm101'il~tJ..r1 1 'iHHff~ L~UI1"'l .. .. . 
4 tJ1li 1I~1L~1JYi1Ll1;jflUtl1J01'iflflfin1~~01t/ttJlIfltJmfilf1t/Yi11vi1Jtlfi 3 '11~ 

.,j "1"0' ~ "'~ 1" 1 Lm::l1Jfl\l1J'I1~"l~'Yl1t/ l1'Yl101mflUflCl1mlJUI1"'l 5 U1'Yl 9f~1l:: 'lf11"'1 U01'i 

" Hfi";~l11J~ 35 tJ1li fl~l1~um~ 



~ d 
lVUJtl11lJl11 Ull:: 

... 4 
tl11lJ'If'U~'lJ(H 

, ::f1Utl11lJlll!n 

70% ~6.:jVmlm' 

l~'U,r1h~H(fl 

lrJ'Ul111l 10 'U1Yi 

_ d ~, 

l'nlJtl11lJl'1 Ull::tl11lJ'If'U ~6.:j ~ nll 
...., .., 01 

~'UtN'::flUtl11lJ'H'Un 85% ~6.:j691" 

m'l~'U,r1h~.:jtyfllrJ'U111111 'U1Yi 

70 % ~6.:jV91'lm' 

l~'U,r1' ~~ .:jtyfl 

lrJ'U11111 4 'U1Yi 

~6'UtllllU 

lrJ'U11111 5 'lnYi 

. " . 
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lhvhCl:: 4 19f91 ('1111lJl9f91Vhl1f111UUfl'W11-:Jf11tJ) 19f91Cl:: 6-8 fli'-:J lfltJliTYiicN • 
ma1JNfllV1t11,y flU ";11'U'Wl'Vi'HY ";11'U'Wnlul1ufhi' ";1 '91W~tlflf)l1~fl ";l11U'U lfli1irCllflfCl 

1l'j.:JI~n' (R) lm::";lfffl1U'Vl lfltJl::tJ::l1Cl1f11n!i'f)11~Cl::l9f91U~i'W'li1-:J 1-2 'Wl'Yi lfltJicN 

_I 0'... 0' ok i" i ";!II _I "" f.1umWfllJl'UClCl 9f-:J 'lU1Cl1 'Wf111Hf)ul::lJ1W 35 'W1'Vl 



lA.LtI. 5; URI .. 
tl.1J1flLI!l.!tI.Q~ 

lA.Ul 5; L1ltl .. 

lA.U1PLlRl 

tl.r;p~.bt-!l&l,t,!ltl.~1!.LUL.t~g 

t-QIIo %OL Utl.l-I.rtLtlMl.~::.tN} .. 
tl.1J1~.bt-!l&l, t,!ltl.~1 

.tLUL.t~gt-QIIo % OL 

'" "' .. 
f1.~ tI.&tI.,a,rtLtY::l!l1 t~1rtLtY 

rt~lfl~lrHUHFtI.~I1Q 

~\~ ~ 

t t ~LtI. I Ll!t1tl.1J1~.bt-!l&l,t,!l 

tI.~1!.LUL.t~Qt-QIIo %5;8 Utl.l-I.rtLtl.!I1~::.t 
" 10 10 10 

t-ll tI.& I!U n t-QIIo tl.Jl.rtLtl.!:: 1!11 t.t1rtLtY rtM.l 51' I 10 P ~ 

M.LLmHnN~ tAUt ~£ ~rtlU'IA.UM!.Llmt L~t1~t ~l\t-.!b IA.Lt1. ~ L~Ut1.l11flWij 
"."" :;'p b t$b~.. I? 

t1.GH!'LULIA.~~11 t-t1.1U!.ijUG IA.Lt1. I L~tml11~hl:'ril\t t~t1.~1!.LUL!'~Gt-GI\, • 0 f' Z POJ:r IJi 19ft)" I1t 

%~8 Ut1.~rtLtijrr.~~!.t-11 t1.l\~U I}t-GI\,t1.~rtLtij~~11 t!. trtLtijrtM.1!.LUrt!.1 IA.L t1. V I'D It) 5=1' • 1'0 f:'!=,,?, J;r 

L~tml11 ~ht-~l\t t~t1.~1!.LUL!.~Gt-GI\, %OL IA.~Gl\l t~t-GI\,t1.~1!.LUL!.~G~t GM.1 
IJi "1'0,, I'D p'" /1) " 11)" b If' 

t1.~rtLtij~~11 t~1ftLtijrr.~~!.~~rr.£rt~~11 t1Lt1. I L~tm~1 ~ht-~l\tt,tt.t1.~1 

!.LUL!.~Gt-GI\, %~8 U t1.~rtLt ijrr.~~!.t-I1t1.l\ ~ul}t-GI\, t1.~rtLtij~~11 t!.1ftLtijrtM.1 1111 I'D ", &7' • II) P?, 

rr.!.ITt-l\ IA.Lt1. V L~U t1.111~ht-~l\t t~t1.~1!.LUL!.~Gt-GI\, %OL IA.tt l\1 t~t-GI\,t1.~1 I'DIVl;:3'p' IJi It",,, ", f""k "", " 

!.LUH~ t1Lt1. ~ L~Ut1.~1 ~ht-~l\tt,tt.t1.~1!.LUL!.~~t-GI\, %OL U,tt~rtLtijrr.~~!. 

t-!!rt ~ t1.l\t1.~rtLtij~~11 t~1ftLtijrt~m~lflLUt-L~ t1.~rr.G!.LUrt~m,ttULl\ l\ t t,tt. 
. . " 

t-GI\,t1.~1!.LUL!.~~t-~~11t-G~ij1~~HrGt~rt~Ufl~1 ~U~t1.llflLUt-1!LVUGG 

t1Lt1.l-1 t-t~t1.t 

~G~.!b1~~~11t1.1 UM.L~t1~fl~!.~~l1 ~~fT.1rt~m!'UITG~1 fl~lIA.Gtij~LIA.~lm • ." 11) ,. Itt, I·" It • 

~;~m,tt!!~l rr.Gl1L!A-ij~l1U~rt~1!.~~ L!A-}.t t;Gt1Ql~t1.fT.1L!A-~.tM.mfT.1L!A-G~ 

~tt1L!A-fl~l t-£ij 8-9 ~~~.!b' (flLUH~t1.~rr.G.tLUL!:4-!!~.!btrtt.tft~) ~.!bll ~~L!A-L!:4-
. " . fl~l vnI 8-9 ~.!bl::~~nt1.1 Ut1.~rtLtijrtlA.t1.L~Hn~1 fl~lflLUt-~LUUGG 

• It I'D l='r''''' " ", 0 

~17 

(lIlV) 

t1.l~HlI~ttLU 

IlU t1.U'UifU!H 
'" 

U1.trU!.D 
'" 

Ut1.ltl:'tJl.llllll 
'" I 

UlltlQlIUMf1~U '" Ij;. I 
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5. lhnl11ln't'Jniu~u'YI{ 't11i u~::fl'n{ l~U'l"::fJ::n~l 12 u'tlmM Il1fJlu'lf1.:Jn~1 

8.00 U-12.00 u. ,thm'l"1ln 1 un~lJt)6mh~.:JmfJutl hunm.Jm'nJnn'~lJl1J1 1I~::n~lJtltlflti1~.:JmfJ 
" 111fJl~uH~lu \llmJU1U'lf1.:Jnm 13.00 U.-16.00 u. fi1m'l"1lnlun~lJtltlflti1~.:JmfJulJlJl~lIH 

~lU Hn'lJnlJtltlnti1~.:JmfJlltl 1 'l"unu lJlJlnJ nn'~lJllJ1 111 fJn~lJ~1tlVH \l:: ltl'i 1lJfi1 fll1 1lflU~~:: 
" fl1.:Jl~U'l"::fJ::n~11h::lJ1W 35 U1n 

6. n~lJ~1 tlV1.:J ,~ 1lJ m'l"'YIl1 n'tllJ fh~1111h ~ H'1 n tlUll~:: 11 ~.:J fi1fll'l" 'YI11 ~tl.:J 

" 0'" , 1 " " " , "', 0 6.1.1 U 111 U fl1m::n'1U~.:J 11 rjl'U111lJm'l"'YI11~tl.:J(\tll1'l"tl.:JL'YI1fltlU'YIlm'l" 
. " 

i.:J'thmJfl (fn~n1lJ) U~::111ri1U~.:J (LlJl1'l") 
" . 

6.1.2 ti'~'l"lm'l"L~\Jll1 1 \l lu'Uw::~fl (fl1.:J/u1n) 1 M ~L.,r1~1lJm'l"'YI11~tJ.:Ju.:J ... 

~fl1~Un~l 5 U1n utl'1~.:J~lJ;f~\l'l"~1mfl~tJ.:Jil1ti'11'l"lm'l"1~u'UtJ.:J111 1 \l 

6.1.3 fl11lJ~U hlil1 Il1fJ111r11fl11lJ~U l~li~'Uw::111 1 \lijlJ~1 (Systolic 

blood pressure) 1l~::fl11lJ~U l~li~'Uw::'111\lfl~lfJ~1 (Diastolic blood pressure) luyhJ.:J'Uw::~fl 

ih1 '111m 1'J U iJ ~ il LlJ ~ nh tJ 'YI 

6.2 m'l"'YIl1n'tJlJ"l'Un'lJ'j'l"(\U:: (~.:J1In'11.:J1Ufl1flHU1flll) i~LLn 
"'.1 '1"""'· ... 'i 1"..9 ... 6.2.1 fl.:JfllJ'l"::ntJlJ'UtJ.:J'l"HfllfJ l1HL'U111lJfll'l"'YI1fll'l"111 !l1fJ 'lHmtJ.:J111 ... 

d "':"1"'''' d ".: 6.2.2 fl11lJLL 'U.:JLL H'U tJ.:J fl mlJl U fl ! 11 LL fl 111 fl11lJ LL 'U.:J LL H'U tJ.:J fl mlJ L U tJ 

"" " " """..." """ "" """"" ... 'i ,,,. l1U1tJfl n~llJLUtJl1~.:J n~llJLUtJ~U'U1111Ul1U1 LL~::n~llJLUtJ~U'U1111Ul1~.:J !l1fJ 'lfflll1Ul1 

" " U111U fl111fl11lJLL~.:Jm .:J'UtJ.:Jntl'llJ1 {j tJ ih, U1m 1'Ju fil ~ fl1 lJ 1 l1fJl~ m'l"111fl11lJLL~.:JLL 'l".:J ~ .:J"l11'U tJ.:J 

" " "" fl~llJL'WtJ (1 RM) 

6.2.3 fl11lJfltJ'W~1 1 l1fJfll'l"fi1'YhA'lJl1~.:J i l1LL~::1.JmmVl 1 LL~:: 111 \11m:: fJ:: 

~M1.:J \l1fll1~lmVl1(l.:J11~ 1fJci' 1ij tJ ijl1 u1m1'J U LClfU ~LlJ~ 'l" 1 l1fJ'l":: fJ:: 'YI1.:Jij U.:J ~hj (l.:J1.JmmVl1 1 ML1'J U 

r11lJ1n LL ~:: 'l":: fJ::'YIl.:J~ m fJl1 mm Vl1\1:: L ~'W r11 C1lJ 

6.2.4 fl11lJtJl1'YIu'UtJn::lJlJ111 1 \lLm::fll'l"111fJ 1 \l ill\llfln'lJn(\fl1~fll'l" 10M 

tJtJfl9f L \l'W n'.:J n'11 111 fJn tJ U fll'l" 'YI1l n'fllJ 1,r ~ L.,r 1~ 1lJfl 11'Y111 ~ fl.:JL~ 'W flmi 'W ~ 1.:J fllfJlJ'W ri fl~L ~ 'W nm cu q cu q c:u 

" .. 
.1 "'.... 'i 1""'" "" "" , '''' ·i" lJ':i::mw 5 'Wl'YI \llfl'W'W'YI1fll'l"'YI1ln'fllJ !l1fJ l1HL'U1'l"1lJfll':i'YI11~fl.:J11l'W-1.:J lJ'WC1fl~U1'WL'YI1'Y1\l::'YIl 11 ... ... 
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" 
6.3 f)1'j"'YIVl"HI1J~1'Uffn;11fliil'Ulnf)Vl lVlfJf1nl\11::1nf)Vlfli'.:j~:: 15 CMCM 

.1 "1.... ~ ~ ~ ~ ~ .... 
(lJ'j"::lJlW 2 'll'f)'U'II'1) VlfJ'Um'YIfl'Uflf)1m~'YIfJ \llf1flW::ffl1n'll'fflff~'j" ~l1'1~.:jmW1J1111'Y1fJl~fJ 

'~11ri 

f1n~n\lf1~ lflff ~n\llVlfJi15ij'Ht).:j\llf1f)1'j"~n\llf)'U'C)flflgf11C)f'fll'Uff 

(Enzymatic reference method with hexokinase) 1"fJii~1ij'Ht).:j11f1~1'U'tf1.:j 74-106 iJ~ilf1i'1J~f) 

lVl9fil~l 

(Enzymatic, 

colorimetric method) ii~lij'l.:jt).:jl1f1~ < 200 iJ~ilf1i'1J~mVl9film ~n::~1J~f)'U~1.:jff.:jl'U'li1.:j 200-
OJ 

239 iJ~ilf1i'lJ~f)lVl9fil~l U~::~1'j"::~ml.:j1'U'li1.:j > 240 iJ~ilf1i'1J~mVl9fil~'j" 

(Enzymatic, 

colorimetric method) ii~lfl'Ht)~l1f1~ < 150 iJ~ilf1i'lJ~f)IVl9film ~n::~1J~v'U~1.:j'l.:j1'U'li1~ 150-

199 iJ~ilf1i'1J~mVl9f~~l ~11::~1Jff.:j1'U'li1.:j 200-499 iJ~ilf1i'1J~mVl9f~m u~::~11'U1::~1Jff.:jlJlf1 
OJ OJ 

" 
1 glVl'U 9f~'~ 1111111~ 'Um 1\1 1Vl fJi15 1 g l1J~lu fJfflf)'U 'C)flJl~ml~~f)11lJ~1 f1 

(Homogeneous enzymatic colorimetric test) ~1fl'1~t).:j11f1~ l~ff'l1tY.:j > 65 iJ~ilf1i'1J~mVl9film l'Wff 

'll'lfJ> 55 iJ~ilf1i'1J~V1Vl9fil~1 ~lfl11lJl~fJ.:j1::~1J111'Uf1~1.:j l'Wff'l1tY.:j 45-65 iJ~~f1i'1J~mVl9f~m 
.c.. ..:. Q,I I et...e:. I .:::t QI Ct, Q. Q cv I ~.c:a. 

l'Wff'll'lV35-55 lJ~~mlJ~V1VlC)f~m U~::fl1fl111JlffV.:j1::Vl1J'l.:j l'Wff'l1t1J.:j < 45 1J~~mlJ~m~C)fMl1 

l'Wff'lflV < 35 iJ~ilf1i'lJ~m~9film 

" 1 ~11Vl'U9f~ h 1111111~'U m1\11Vlvi151 g 11J~ lUVfflV'U 'C)f1Jl~f1fl~~V11lJ~1 f1 

(Homogeneous enzymatic colorimetric test) ~1fl'1.:jt).:j11f1~ < 100 iJ~ilf1i'1J~mVl9fill'll ~l~VtJ~l~ 

ff.:jv,i1'U'tf1.:j 100-129 iJ~~f1i'1J~V1Vl9fil~1 ~n::~1Jff.:jvv1tJ'lf1.:j 130-159 iJ~ilf1i'1J9iVl~9fill'll ~l 
" " " IV 

1 tJ'j"::~1Jff ~1Jlf1vv1 tJ'lf1.:j 160-189 iJ~ilf1i'1J~mVl9film U~::~l 1 tJ l::~1Jff ~1Jlf11Jlf1Vv1 tJ'lh~ > 
cu '" cu IV 

" if1~ 1fl~m'YI~11J if1~ij'Um1" 1~tJ115t)lJlJ 1tJl'YIvij~~ (Immunoturbidity) ~l 

" ~.I ~ '1 ' .1 "d " Vl~V~Uf1I'1V~ '\.J'II'1~ 4.8- 5.9 lUV1lC)f'U1'I 

V tJ ttf il tJ ~ 11 \11 ~ fJ i 15 I V tJ 11 g tJ ~ 1 fl iJ ~ 1 lJ I tJ ff I C)f tJ ~ 

chemiluminescence ; EeL) ~1fl'1~V~1lf1~vv1tJ'li1.:j 2.5-24.9 1lJ 1mviJl'I~viJ~ililm 
OJ .. 

, 9J Q. '" I Q. '1 I .. I ~ d ~ linked Immuno assay; ELISA) fl1Vl.:jV~uf1~V~ tJ'lf1.:J 50-150 llJV1lC)ftJl'I 

(Enhanced 
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lJl(1V\J'~H)(1~'~~91'n~ 191tJ1~'n11vtJ1ihJ1fluvci91 (Thiobarbituric acid) fh 

Vl~fl.nJfl~v~1\J,h~ 0-3 1lJ 1m llJ(1~vn911 

fl\1~l 1 'n 1 V\Jl~V1Vflci1~(1'm 1~ 1~tJ1~fl1v\JYil'n,yj'rlfl\J fi1 'n1 (Quantitative 

inbitro) 
JI 

6.4 fl11'n~(1'VtJfll1 1 11 (1'Uv~l~v~i\J fl1'nl1U tJ(1' 1~ tJfl11191f.l(1'UV~fl11lJ1~ 1 

"" d d 4Ii!( , _ ,.e. ~ 4 Go' ".... ~ 
U(1:;fl111Jl'UlJ'U'Ul\1 (1tJ'UV~llJ91m V~U~~ 'U u11J1W 1'U VWV911VtJH 'U 'UW:;~fl 'UW:;\1fliJ~fl'Ufll1 

JI 

, 11 (1 'UV~l~V~ 'UW:; fll1 ht(1'UV~l~V~\1 ~ty9111 li~liJ~fll1iJ~ ti'U 'UW:;fll1 1 11(1'U V~l~ V~ \1 ~ty'l'Hli ~ 
JI JI 

1iJ~ fll1iJ ~ ~ 1 ti'U ~ V'U W:;Yifl 1m:; 'U W:; fll1 111(1 'U V ~1 ~ V~ flli tJ ff(1' fl11:; tl fl~ 11 li ~1 iJ ~ fl11 iJ~ ~1ti 'U .. 
1 .... 1 ~ ,,~,., 1""" · ~ Q.I Q Q.I ~ Q.I IS • 
~tJ91~ ~1tJtJ111W'I.IVlJV'I.Il~'1.111 11f.11'l.l111lJfl11'n~(1fl~'U~~fl 15-20 'Ul'n 11(1~~lfl'U'UtJ'U'nflm .. 

, , 
.... .ct 1" 4 Q,I G.I Q.I QI .4" ct Q.I Q, ~ ... 1 "1" 

'I.IW:;~fl 1 'Ul'n 'Hmfl~1~fl11lJ~'U~\J191l'H'Ufl91'UU'I.I'U 'nfl11lJ~'U 200 lJ(1(11lJ911u)fl'n flH 1 5 

'Ul,yj ,j'Unflfh l~tJ91(1fl~ ~fl1J1tl~fltJ(1lJVflfl U(1:;,j'UnflTll~V'Ul'U 5 'Ul'n (Betik, 2004) (fl~ 

Uff~~'\JmflH'U1fl ~) 

"'lfl tJ fl11'n ~ ffVtJ~:; 1~ lJ ~ 'U ~lfl'lh~u 1 fll ~ 'U fl1191) 1 ~ 1~ (1'11 ~h1fl m 'U 1~ fl ~ 

1m:; 1 'U,h~~ 2 ~~1~'U 1'U~ fl1J1~:;l~'U fl1)'n~(1'flmhtf'U !1'U 'nl~(1'711'ntJl ty'l.l (1'lJ11tl 'U:; 1m:;fl1) 

'1 .a! C\ d , ,.d 1" d " Q,I tI 1"Hl'l.lfl~1(1fl~'ll''Ufl1'nl1'UtJ(1' 1~tJl'U(1'1'U'I.Ifl~'ll'1~'n 2 'll'l1mi'Ufl111fltJ'I.IfllqJ(1tl):;lJltu 1 fftl~l11 
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, Vit ....... f;f ltu1Jl't111U'tfUYI't1 2 (n = 32 flU) 

JJ JJ II JJ 
, , , , 

nQlJfntJfJlJ nQlJ Am nQlJ AI nQlJ R 

(n = 8) (n =8) (n=8) (n = 8) 

~ ~ ~ ~ 
hi hH'tJ ii ~ Wi HJ '~ftJnTH)flntha.:J '~ftJm"flflonla.:J '~ftJm"flflonla.:J . '" . 

nlVl1fl 1,-flOl1tJtJ 01Vl1fl 1,-flOl1tJtJ mv 1~wl~11" .:JtA'TU flflOOHH01Vl191 

fldl.:Jl~ l1110t'faULUl l1l1mrauLUl 

~t'flJ FHI'lU nUO". 

flflonla.:JOlV 1~v 

l~LLHtA'lU . 

~------- -------/ 'V 
12 "tJYlU1 

Pre-test Post-test 

~ ~ ~ 
" 

~1m.h'VI1'l 
.,. .,. 

fI1 ~ h,,,,, tNl~ tl ~ i\J 'if" 'NlJ ~ 'HI \J :: 'Nl~'lf1LfllJ 

.,. .. 
l\JL~tl~ 

.. .. 
'N~~TYWl flTYll L \J 1I 'N 
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1. lhr'Hl~'~lJ11Lm1::M'YnHy(i~ lYltJl11fhm~tJ (X)iL~::ff1'U1~tJ 'mJUlJ1~~!lU (S.D.) 

2. 11m 1:: ML1n tJ1J1Yi tJ1Jfl1m ~ tJ'\J tl~~ 11L'lh ~::wh~ n tlU U~:: l1 ~ .:jtl1~L,j' 1'; 1lJ 1 UmmlJtltlfl 

fh~~fl1tJ 12 ffUYl1M 1~tJn~fftl1Jfl1Yil11J1J~ltJ~ (Pair-T test) ~::,r1Jfl11lJihrmhrif\!m~ff(i~~ .05 

3. 11f1 ~ 1:: M1U~ tJ1J 1 Yi tJ1Jfl11U ~ tJ'\J tl~ ~ 111 U ~ ~:: l1i1 ~ fl~ lJ fl1 ~ n ~ ~tl~ Vtl tJ 1 ~tJ 1 -Mn1~ 

11ml::Mfl11lJl1U~U~1Ull1J1Jn1~1~tJ1 (One- way analysis of variance) ~::,r1Jfl11lJihrmhrif\!nN . ...... .,. 
fft1~n .05 



fI~l UIt!.LUrl,f~1 ~rt~U LrlmE.Lw ,ttUrlrll1U!}!.l Gl1UIt!.LUrl,f~~ ~rt~u ~1. HrG~l1UIt!.LUrl,f~~fC~ 

rtimt~rt~Ut'Gfb~fI~lL\A,t~ M.~~G ~H'Gfb~U ~ !.LU!.f1l1t~fI~ tllL~,!i-::LWlt !.LU S ~M,Ql6 
" . . t'G~~\A,!.LUULI1 t'E U::~l1M.G!J M.L~t' !.11~ 1. !.LUrl1!M.L~t-:lrt~t-:lLr1mE~u ,ttUt-tlforlrll1U!}!.l Gl1Ultrt~U 

::~11 M.L~t-!.l1~1.fI~l ult!.LUrl,f~~~rt~U LrlmE~u,ttut'tlfofml1U!}!.l Gl1UIt!.LUrl,f~~~rt~u ~1.t'LrG 

~l1UItf.LUrl,f~~fC~ rtijrlt~rt ~Ut-Gfb~G~1M.1.!!~lt~!.L~fI~ tllL~,!i-::L!. ~lt!.LU t' ~M,Ql6 . . 
t'G~~\A,!.Lut-Eu::m1M.G!JM.L~t-!.11~ 1. !.LUrl1! M.L~t-:lrt~t-:lLrlmE~u ,ttut'qr,rml1u!}!.l Gl1UIt 

• • • rt~U::~l1 M.L~t-!.11~1.fI~l UIt!.LUrl,f~~~rt~u LrlmE~u,ttl-{t-tlbrlrll1U!}!.l Gl1UIt!.LUrl,f~~~rt~u ~1. 

t'LflG ~l1U~ !.LUrl!.~1 rt1 rtij rlt ~rtt!U t'Gfb::M.l)!.!.rt~f\,ht-Gfbfl~ tllL~ I-{::L!. ~lt!.LU £ ltM,Ql6 I I l?' ",,, Lt. k I f7 I ,p '=" !=' 

t'G~~\A,f.Lut-EI-{::m1M.G!J M.L~t-!.11~ 1. !.LUrl1!M.L~t-:lrt~t-:lLrlmE~u ,ttUrlrll1U!}!.l Gl1 Ultrt~U 
• • ::~11 M.L~t-!.l1~1.fI~l ult!.LUrl,f~~~rt~U LrlmE~u,ttl-{rlrll1U!}!.l Gl1UIt!.LUrl,f~~~rt~U ~1.t'LrG 

• • ~l1UIt !.LUrl £~ ~ fC~ rt ~ rlt~rt~Ut-GfbLfI\A,t!. ~~ H \A,!, f1l1t ~fI~ tllL~,!i-::L!. ~lt!.LU Z ~M,Ql6 
. . 

M.L~t'!.11J(,1 !.LU 
" "b 

rl1!M.L~t-:lrt~t-:lLmrlE~u,ttUfl.m1U!}!.l G1WLUt'EL~!UGG!.LU::~11 M.L~t' !.l1~1.fI~l flLUt-EL!;JUGG!.LU 

LrlmE~u ,ttUrlrll1U!}!.l Gl1f1LUt-EL!;JUGG!.LUrlrll1f1~t-GfbLUGv.'t'~lH~rtLt~ 1 ~M,Ql6 
" . ~t'~ M.G~ S tt~IGM.~ILtt!.LU 

" 
t-rll1f1~l rtlmt-:ll1::~ 11 t'fI !.1rtLt ~fl.GU::!.flt'L !.L~fl~M. 1 ~ftGfbllM.~ lL M.GM.1M.LK!.~LrtM.mt-flrl1M.t~ • ~ 1:7 I" I" 1,,, 0 f' F' I 

::mw~ tllL~L I-{fI~ 1 ~~~t'L\A,,!i-::L!. ~ltLrt~~ ~~t-:lL tt ~1l~1M.l.!!~lt~!.L~::~l1 ~fI~IL\A,t~ M.~~G~It'Gfb 
. . " 

~U~!.LU ::M.l)!.!.rt~fbh LfI\A,t!.~~t'L\A,!.f1l1t~~!-!.LUrl£~~::I1Hrllt~rt~U ,!i-L~f1P ZI t'G~~\A,!.LU 
• L~t-EU::~l1M.ll!J ~LtI. S£ ::~t'£~ t'£~ £ ::~,!i-L~f1P ult!'LUL~t-G~~\A,rt~UfI~l UIt!'LUM.G~tt,Qo M.~ 1£ 

" " " 
M.gt'1l!.LUt-Wl ~httgttl1f1~trtt~L~I~Il~Ult'~ tI.~ L W~m~Ul~rt~Utl.1.t-LrGt~rt~U.tt1.L~ !.LUt-!.~l 
" "" " . ~ 

rtt !.Lfbl::11 ~t' ~::!.flrt1 ULI1t'GM.l M.L ~t-!.l1J(,1.fI~lUMrt~UM.1.fll1trtt !.Lfblt-:1t1.111t-,Il, M.~ 1 M.tM.LI1f1l1t!.LUULI1 
I",P 1-, '" ~"" I"; • ",~ I"" IJi f" 0 ",~ ~ . UGG~!! M.L Jlt-!.11~ 1. !.LUrl1!M.L~t-:lrt~t-:lLfl.m E~U ,ttUt-tlbrlrll1U !}!.llll1f1LUt-EL!;JUGIl!.LUrl,fJl~ ~rt ~U::~l1 

M.LJlt-!.11~ 1. fI~l flLUt'EL!;JUIlIl!.LUrl ,f~~ ~rt~U LrlmE~U ,tt1-{t-tlbfl.rlllU!}!.l Gllf1LUt-EL!;JUIlIl!.LUrl ,f~~ 

~rt~U ~lt-LrG~l1f1LUt-EL!;JUGIl!.LUrt!,!'uI1!;!fl.,f~~fC~~rt~u !J11~~ rt~U V M.~IUIlGt-f\t1fI~l M.~ Z£ . . 
M.tM.L~ Il OL-09 H~ U::!.~LIl t-~UUM.l::~l1flLJ(,UM.tt-1l ,!'l!.Ut-~LM&~Lfl.LflM.Hl M.LtULr11rt!.rtJ(,fltr,.& 

" 
M.111 t'Lflllt ~rt ~U ~Il m~1l ~ I-{ t-M.t-:I h ~ ~,Il,tt-Il fb M.LH \A,!.LU \A,L M.1-{::~11::M.l)!' !.rt~f\,h 11 ~ rt l4. ttL ~t-!.11J(,l !.LU 

IP • ",. Jill' ",,. 0 ~ " I J:7f7 " " 

M.L~t-:lrt~t-:lLrlm E~ U ,ttUt'tlbfl.fl.llU !}!.lll1tU It !.LUULI1 ~t-:lLR.U~1l ~p~t-~ ::!.f1 h~!-!! ~fl ~t!.LU 
. " 

urt(~n,"~l.tYlt.tLUUH tf., "" 
t lUUt 

"'" • 
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1 ~11'j .:j~lU l1"::fl~ li~fllL{) 1 'jUfllL1J1Jl1 ir flff"'1JI1J1fHUmfflU n1Jfll'j 1 ~m .:j~lun6ulm::11"'.:j \)lfl 

fl1 'j 'YI1i" 6.:j 

.:t A .& _IoU ~ C\ , ".., 

VI tlun 1 fl'lUJVI1~'Y ~'Utl"'l'Utl~llJU1111 0l1tltlflflU'l~OltiUtl' 111 fl"1111Y'l~"'U fliJi:l1.JlUl 

0l1tltlflfhD~Oltll~tI'V1l1~~lU Ui:l::0l1tltlflfhD.:jOltll'tl11ijml1Jmh~",UfliJD1.Jl11miJ1JNiJ1UtltJ 

0l1'VUH~lU 
.:t Q ., ~ ~ " " oC\d Q,I 

VI11Hn 2 fll'j'llml::l1fl11lJ9IH1Y.:jlU 6111\)lflfll'l" 1 ltfl::UUU 'U6.:j~'YIHfltu 1WJlflfJ1fl'U 

11 'U1J ff6'UtlllJfl11lJ 1111J1::ff1J~1 U 6.:j~ lh ::fl6'U'U6.:j fll'j llfl6 6fl fl1 ",.:j fllfJlL{) 1 'j Ufl 11 1J 1J'th.:j 11 ir fl 

ff '" 'U I1J1 

u .. .. 
l::"umlllfl"I't1U 

.; 
n1u~'i'1tJ 'JiIlU'" 

, '4 tI 
, 

lUf)'Hl 1I1't1U" "ltJ fll IOe 

1 0 -1 

1. 1 ,jmmllm'iNm"'1l"Hlri~Ln'111fil1~YlJU1~'lJn'1J'S'H1U::'~ 4 1 0 0.80 

2. 1,j1LLmllnl111nn'11111f1Vlu~'HU'1~m1Vil~lU'lJV~L"lfn~tJ 
4 1 0 0.80 

foIU~'Hn{)~Lli{)~ ,~ 

3. 1,j111mllm111n iiml11~~"lU L~11~~lV n'11111f1,j~U~'~ 5 0 0 1 

4. ml11'HUn'IJV~ 1,jmmllm111niiml11L'Hlll::n'1l 4 I 0 0.80 

d 1 11 I "',j ~4 5. ml11fl'IJV~ ,j1umllm1 n~{)n' ~l'Hllml1JL'Hlll::n'll 4 1 0 0.80 

6. 1::V::L1nl1um111fliifl111JL'H1Jl::n'1l 5 0 0 I 

7. 1,jmmllm111niim1{)U~U~1~mV~L'Hlll::n'1l 5 0 0 1 

8. 1,jmmllm111niim1fJn~11U~L'Hlll::n'1J 5 0 0 1 

11 ,j" : 1'" 9. m1m1~foIn'IJV~m1 ml1n 1111WU1~ln ULM~'lJW::V~ 

vl'HmfluL1n1 8 i1111~ lm::'fln lf1;Ln'Ylil11 lnnuuiiml11 4 I 0 0.80 

L'Hlll::n'll 

10. fl11~11~foIn'IJv~m111ml1O'lJ1111W''IJ~ulULliv~ '~lIti 
~ 

f1nmnm~V1vn '~1nliL"lfV hri' '~L~u9i~h 1,jl,j1~u un:: 4 I 0 0.80 
~ 

h1L~u9i~ iiml11L'Hlll::n'll 

II. m1~n~foIn'IJV~fl1111n~ln'HU'lm1Vil.:jlU'IJV.:jL"lfn~tJfoIU.:j 

'Hnv~Lfiv~ 1~tJfl11m1~1l1nvu'~vvn~'~ri' n~~l''YllvUL'Yj 

V1Vfl9iLn' 'It,jL,jvfvvn '"If~~n'ihL'Yln' 1{)U1niiuuULLvlflL~vf 
4 I 0 0.80 

1 1",j ~ ~,j ~4 LLn::fl11m1~ ~tJ 'l1~ m()HnL"lfV1~{) LnV111ml11L'Hlll::n'1l 
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, ~ 

~lfl~l'Il.:JYi 2 L1ff~.:J~H'fll'Im1~"H)tlfl111l~Hl;.:Jlatnn 1~fJfll'I11m1::l1fi1~')fUfl111l 

fffl~ fI~tH~ fl.:Jfl111lL 111l1~ ffll~l'U tl.:JflU 'I~fltltl~tl.:Jfll'I 1Jflfll'I tltlflflltr.:J fllfJLltll 'Iijflll tltI11U fl 
II I • . 

ff~tllt11 'Yitl'h hHha tl111 1 U 1 ~Yiijfi1~')fUfl111lfftl~fI~tH,j1fl11 0.5 l1ff~.:J 1 li'LltU111UUtltlfll'I 

tltlflfh~.:J fllfJU tl1 'IijflLltltl'lf1.:J11 U flff~ tiL tI1ijfl111l1111l1~ fflJ 

... ... .. 
l::~l1.Jml"'fl~I't1U 

.; 
111U/i'-UJ ''';lIlj'\l ''';n1lj/i'lu 

, 
Iljel't11 fl1 IOe 

1 0 -1 

1. 1 u'l"LLmlJfll'l"lImnlJl'l"flrl.:jLffllJfll'l"~1JlUltl"fflJ'l"'l"flU:: '1~ 4 1 0 0.80 

2. lUmmlJfll'l"lImnlJl'Hl~U~'t1U'l~flln;'.:jlU"~HL'IHH\·ll 
~U.:jlH\tlfll~tlfl '1~ 

3 2 0 0.60 

3. lummlJfll'l"lIn ijfl11lJiflL\lU L~li\l41tl ff1lJ1'l"flUB~~'1~ 5 0 0 1 

4. fl11lJl1Un"tl.:j lumm lJfll'l"lInijfl11lJ1l1 lJ 1:: fflJ 4 1 0 0.80 

d ~ • Q.I .,~ 
5. fll1lJfl"tl.:j hJmmlJfll'l" n~tlffUflll1lJfl11lJ1l1lJ1::fflJ 4 1 0 0.80 

6. 'l"::tI::mn iu fll'l"lInijfl11lJLl1lJl::fflJ 5 0 0 1 

7. lummlJfll'l"lInijfll'l"tl1.J'elui1.:jflltl~ll1lJl::fflJ . 5 0 0 1 

8. 1 ummlJfll'l"lInijfll'l"tl'c\~llU~Ll1lJl::fflJ 5 0 0 1 

11 U'" : i" 9. fll'l"~'l"l\lH'c\"tl.:jfll'l" n\lln 'l"lJ1WU1~1'c\ UI'c\tlfl"W::tlfl 

tlll1mflul1'c\l 8 il1lJ.:j u'c\::'1n'c\ 1 fl;L'c\'VIullJ In'c\uuijfll1lJ 4 1 0 0.80 

111 lJl::fflJ 

1 O. fll'l"ml\l~'c\"tl.:jfll'l"lIn\llnU1lJ1W '1"iTu iUL~tlfl '1~l1ri 
fl'c\tll'c\ff1~tl'l"tl'c\ '1mn~I'IItl'1'l"fl '1~lflU;i'1'c\ lulu'l"~U U'c\:: 4 1 0 0.80 

tI 

hlLflU;~ ijfl11lJ1l1lJ1::fflJ 

11 ,.. 0 ., Q.I 

11. fl1'l"~'l"1\l~'c\"tl.:jfll'l" mllm1U1fll'l"'VI1.:j1U"tl.:jl'11'c\'c\'4~U.:j 

l1'c\tlfll~tl~ lfltlfll'l"m1\llJ1'c\tlu'1fltltl'c\;i'1~~ n~9i'1'1'V11tlUI'Vl 

tl'l"tln;lff 9!ULutl1tltln '1'11~~ffih1'Vlff 1tlU1'c\liu1.JUl1vlfll~tl1 
4 1 0 0.80 

1 i" U" "u " .. L1'c\::nn~'l"1\l ~tI 'lftl mWl'c\I'IItl'l"fltl lM'l"lJfl11lJ1l1lJ1::fflJ . 
, tI 

~lfl~l'Il.:JYi 3 11 ff~ 'I ~Cl m'I~ 'j 1~ fffltlfl1111~ HL~ '11 a fl1111 ~ Vfll'I 11m 1:: Mfi1~'lfU fl111l 

fffl~fI~V'l~fl'lfl11lJ111lJl:: fflJ~lU fl 'I flU 'j::flfltl~fl'lfll'j Nflfl1'j flflfl fh~ 'I fllfJ 1 fW 1 '*11 'j 'I~lU 'Viti ':h 
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'l1iMftHn 1 'U.u'6 '~~ihh~'lfijfl111Jff6~f1~6~~lfr:h 0.5 U ff~~ 1,r1l~'U111t1U'U'Um~66flfh"~fl1tJ 
i~tJl~u ~ ~~1'Uijfl111Jll11J1::ff1J 

cl Q 0' Q .l 1" " c.d 4V 

fll'lHfI 4 m~1Lm1::'Hfl111JflHI'lf~1'U6'H1 ~lflfl1~ 'HfI::U 'U 'U"6~~'YIHflt1.q~LntJ1fl'U 

1l'U'U ff6'U fl11Jfl111J I'H 1J 1:: ff1J~l'U 6 ~fltl~::fl6'U"6~ flU 1Jfl6 6fl fh,,~ fl1tJU6 i ~ ii flU 'U'U,h~ 'H U fl 

ff"'UI'Ulr-lff1Jr-Iff1'U ti'Um~ 1 ~m ~~1'U 

., .. .. 
1::AUfllUUlvU't1U 

Sf 

111UAlti 'UIlU'il ,,j111UAlti 
, 

'lJ8fl1UI fl1 IOe 

1 0 -1 

I. 1 u'IUmlJnl'iNmnlJl'It'lff ~ln1lJm'I";YlI'U11l'IJnlJ'j"j't'l'U:: 11{ 4 I 0 0.80 

2. lUmmlJnliNmnlJl'It'lVl'U~l1U'l~m'I~l~l'U'lJtN1'lfa~1l 4 I 0 0.80 

'" ""'" fl'H't1atl~latl~ ~ 

3. lU'IumlJmiNn i'if111lJ,f~1~'U l~lh~ltl nllJl'It'lU~U~'A' 5 0 0 I 

4. f111lJl1,rn'IJtI~ 1 UmmlJmiNni'if111lJll11Jl::nlJ 4 I 0 0.80 

5. f111lJ~'lJM lummlJmiNn~trtlU~1li'i'ifl11lJll11Jl::nlJ 4 I 0 0.80 

6. 'I::tI::l1al1 'UmiNni'if111lJll11Jl::nlJ 5 0 0 I 

7. lU'IumlJmi~ni'im'ItlU~'U11~mtl~111lJl::nlJ 5 0 0 I 

8. lummlJmitlni'im'I~a~11,r~ll1lJl::nlJ 5 0 0 I 

1J u .. : 1"" 9. m'Im1~fla'IJtI~m'I n~ln 'IlJltu'Ul\llla 'Ulatl~'lJtu::tI~ 4 I 0 0.80 

tIll1l'I li:J'U11al 8 i11lJ~ ua::'na lfl;m'YIUllJ lnafi'Ui'if111lJ 

1't1lJl::nlJ 

10. mHln~fla'IJtI~n1'I1Jn~lmH1Jltu''IJ,j'Ul'Ul~tI~ '~un 4 I 0 0.80 

" flamaffl91tl'Itla 'mnfil'lftl h~ '~J1~'U~9i'a lU1U'I9i'U ua:: 

" 1a11~'U~9i i'imllJll1lJl::fflJ 

"tJ "0 ., QI II. m'I91'I1~fla'IJtI~n1'I n~lnl1'Ulm'I'YIl~l'U'lJtI~I'lfaa1lfl'U~ 3 2 0 0.60 

't1atl~l~tI~ 1~tlm'I91'I1~1Jlatl'U '~tltla~i8~ n~~li'YIltl'Ul'Vt 

tI'Itln~Lff CJIUlutl1t1t1n i'lf~~ffih1'Ylff 1t1'U1aiimJ'Ullvlfll91tl1 

1 1" U 0' 0' U o'd lla::m'I91'I1~ ~tI 'lft:l mtulal'lftl'I~tI latl'IlJf111lJll1lJl::fflJ 
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• y 

~lf)~nHn 4 LLn'~~fH\f11~~~1~n'tl'Ufl11lJ~Hl~·m1m111~rJf)n11fl~1::M~')fUfl'J1lJ 

n'tl~fl~ tl~'U tl~fl11lJl111J1:: n'lJ ~1\J tl~ff1.h::f)tl'U'U tl~f11~ 1Jf)f11~ tltlf)fh~~ f11rJll tl1 ~ Uf)ll 'U'U'ih~ 
Y. • 

1111 f)n'~'Ul'Ul ~n'lJ~n'l\J ti'Uf11~ 1 ~11 H~l\J 'Yi'U'h '1li1l'Utl111'1i'tl 1~ni1~')fUfl11lJn'tl~fl~ tl~9hf)il 

fl11lJ111lJl:: n'lJ 



cl ... ., cl.... _ I ... ... , "I '''I v.... ~I "" ,~ v.... ~I ~.... ........ , cl 
YltlU't'l 2 nl11'fl11::'t1f1l'~ tlrJYl111u'I't11.:JtT'l11't'l£J1'Utl ·:lntn.lfl1'UfllJ IlJ lV11'Unl1HflllYltlrJN lV1 fltllJ't'lIV1'l'Unl1Hfllltl l1'Uflll'U'U't1UfltTtl'Ul'U1 fltllJ't'l 

" " ca q 

"I v.... ~I ~ " v v '~I ~.... ........ ...." v v' .... 
lV1 'l'U nl 'lH fl 1 VlrJ l'U 1I1.:JYI1U lItl:: fltllJH fllltll1'U flll'U'U't1U fl tTtl'Ul'U1~ tTlJ~tT1U fl'U nl 'l1 'U lI'l.:JYI1U fltlUlItl::'t1M nl1't'lVltl t).:J • 

YI11N~ 5 m'Jlm v'Uliiv'U~ml ~V'Yl1~ff1'Ji'ntJ1'J::l1':h~f1~lJflTUfllJ 'l.li~~'Um'J llml~mh:j i~ f1~lJ~ '~~'Um'J llmm hDf1I1'U'U°rnT mnf1JllJl . . . 
f1~lJ~ i~~'Um'J 1lf11~vii'm ~~1'U 1I'fl::f1~lJllf1I1U 1 'JDf1I1'U'Ul1umnf1JllJlr.1fflJr.lffl'U n'Um'J ii'm ~~1'U nU'\.JII'fl::l'I~~m'J'n~'flu~ 

I 

• • 

, 
f)~).J f)~).Jm1JfJ).J 

'<;!I ,"" 
f)~lJHf)ut'lL 'l1J f) 

, ........ 
U1J1J'I11'l11'Umnl1Jl1J1 

, <;!I '" " ti ti f)~lJHf) IVltJ l'I1U'l'lVl1'U 
f)~lJNmlt) 1 'IUf)U1J1J~1'l11,rmra1J 

... ,ti ti 
l1J1NtTlJNtT1'Uf)1Jfll'I 'I1U'l'lVl1'U 

(c; n=8) (R; n=7) 

~1mh 
(AI; n=8) (AIR; n=8) 

n6'Ufll'IYlVI'lM l1a'lfll'lYlYl'l6'l n6'Ufll'lYlYl'l6'l l1a'lfll'IYlYl'lM n6'Ufll'lYlVl'l6'l l1a'lfll'lYlVl'l6'l I n6'Ufll'lYlYl'l6'l I l1a'lfll'IYlVI'l6'l 

61~ (iJ) 

LViff 'l111J111tijll . 
'11111 tT (191') 

(nif1ni'lJ) 

thfl'l1UlJdM11J 

(nif1n~lJ!LlJ~'J2 ) 

'" ti 'VlI'Jlnl'i L~tJ ~'V'l 

~')'~~ru::in (t,f.~/ 
tJ1V1) 

f111lJfltJ hiill~ru:: 

~')'~ijm1,) 

(iif1nIlJlI'ah6'Y1 ) 

61.8 ± 7.3 

3/5 

65.9 ± 11.3 

25.9±2.1 

89.5 ± 16.8 

137.5 ± 12.6 

67.3±7.1 

3/5 

66.2 ± 11.0 61.7 ± 10.8 

26.4 ± 2.1 25.4 ± 3.1 

85.2 ± 10.6 77.5 ± 12.0 

136.3 ± 17.7 133.5 ± 19.8 

60.3 ± 7.5 61.5±7.7 

3/4 3/5 

60.6 ± 10.1· 69.9 ± 10.2 69.6 ± 9.9 68.3 ± 10.3 67.2± 10.1· 

24.6 ± 2.8· 27.5 ± 2.7 27.3 ± 2.7 26.2 ± 1.8 25.7 ± 1.7. 

71.5 ± 13.5·t 79.1 ± 9.6 77.0 ± 6.7 80.5 ± 5.9 74.3 ± 5.9· 

121.6±11.5 133.6± 13 .9 132.9 ± 10.6 130.3 ± 7.7 124.7 ± 10.3 

v, 
0-
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m'JN~ 5 f11j 1'111 tJ'UllitJ'U~lLQ ~tJ'Yl1 'H"~ j1'YWlj::ldl'1f)~lJm'UfJlJ i,ji¢ii''Uf11jNfl11~fldl'1 i~ f)~lJ~ i¢ii''Uf)nNfl11fl hiifl11UUlfir mn;'Ul'U1 f)~lJ~ 
Ii] ".., ~I "i i "" '~I "i'" ..,.., .., i" ", .., lm'Uf11j Hf) I ~ tJ '1m j '1~l'U UCl::mllJHfl11fl I j'Uf)U'U'Ulf'U f)'CYCl'Ul'U1~'CYlJ~'CY1'U f)'Uf11j 'll'U H~l'Uf)fl'UUCl::mNf11j'Y1~rclfl'l 

q 

, , 
niJSJ niJSJfI11JfJSJ 

(c; n=8) 

~'lmh , 
'" nt>'Ufl11Y1A1:It>.:J 't11:1.:Jfl11Y1A1:It>.:J 

mllJ~'U 1,n1~'lJtu:: 

111 hl'l'cllfJ9i1 87.3 ± 6,8 83.4 ± 8.5 

(jj'cl~llJ~nhtJ'V1) 

*Ll~n'h 'Hl1nntJ'\.£tln'IJtJ'ln~lJl~fJ1ti''U~',j::~U ,05 

tLl~n~l'l~lnn~lJI'l1UfJlJ'Hi'llln~',j::~u .05 

'N t ... nQSJ nllt> 11J n 
'''Nt~'' " , 

'" '" 
nQSJ n At! 'II1l1.:Jfll'U 

111J1J'II'l.:J't1'Unll'1:I1JllJl 
(R; n=7) 

(AI; n=8) 

, 
'" 

, u 
flt>'Ufl11Y1A1:It>.:J 't11:1.:Jfl11Y1A1:It>.:J fltl'Ufl11Y1A1:Itl.:J 't11:1.:Jfl11Y1A1:Itl.:J 

nO±6.3 69.5 ± 6,6t 84.2 ±5.2 75.7 ±5.9 

-

n~SJ"Nnlltl hiimt1Jmh,nnr nrra1J 

11J1NlI'SJNlI'l'U01Jfl11 '~1l1.:J~l'U 

(AIR; n"'8) 

, u 
fltl'Ufl11Y1A1:Itl.:J 't11:1.:Jfl11Y1Aatl.:J 

77.6 .± ILl 77.5 ± 8.04 

VI 
...:t 

nkam
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58 

• tI 

~lnm~l~n 5 'YitJ'hih .. nrn~11'UmllJ1lmm hiJmLuu')h~11t!mnrULU1LLCl::n~lJ1lnuij 

1 ~iJnL1Uu')h~l1 t! mHr ULU1fHYlJ ~ff1'U tlum~ 1 ~u ~ ~~1'Uij~TM1Cl~LrlmntJUtlu nij'U m~ 'YI~Clij~ . 
, d. QI 0 QI oIC:l.c::t..cI QI 

ijtJ1~lJ'U tJff1tlqJ'YI1~ fffl;t'YI~:: ~U .05 

~1~')fillJ1ClmtJ1 'U n~lJ1lmm hiJmLuu')h~l1t! nff~UL1J1 LlCl::n~ lJ 1lmLij hiJnu uu')h~ 

t1;t~lm~L~'U'Uij~111 1 ~'Uw::lin' 'U n~lJ1lmm hiJmLuu')h~l1t!nff~UL1J1 LLCl:: 1 'Ufl~lJUij 

1 ~iJnu UU')h~l1 t! n ff~U LU l~fflJ ~ff1'U tlU m~ 1 ~LL ~ ~~1'U ij~lCl~ Cl~ LrlijL ntJutlu nij'U m~'YI~Cl fH 

ijd1~ijt! mhflqJ'YI1~fff)91~~::~U .05 LLCl:: 1 'U n~lJLm h iJnu uu')h~ 11t! n ff~ULU 111 ~~1lnij~lU' ijtJ . 
,. QI 'q GlCLlOCLIQ 

n11nq lJtl1U~ lJ 11 Cl~ m~'YI~ Cl ij~ ijtJ1~lJ~:: ~U'UtJff1tlqJ'YI .05 
tI 

tl11lJ~'U 1 Cll1 ;t'UW::11 1 1 ~iju ~ Ttl ~ rr~UCl::tl Cl1tJ~ 1"l ~ rr~ hjij t! tJff1fl qJ'YIH fff)91n~ 

flltJ 1 'U n~lJllCl:: ~:: l1'h~n~lJ 

ff1lJnfIL~tJ'UUff~~L~'UUf-l'Ufl~'~~~U~'Ufl~~ 1 2 3 4 Lm:: 5 

J'IlUTnA'I (IWt'lni~) 
90 

80 

70 

60 

SO 
40 

30 

20 

10 

o 
c 

.. .. 

1*' 

AI R 

• , tI 

1*' 

AIR 

UNll{li1fj 1 Uff~~m~LtJ1tJULntJU~lm~m,hl1 t!n~1 nm.JL!Cl::l1 ~~ m~'YI~Clij~'\Jij~milJ 

tl1UtllJ (C) ncilJuij hiJnuu1J'lh~11t!nff~ULU1 (AI) ncilJ1ln l~tJ'~uH~l'U (R) L1Cl::ncilJ1lmLij 
.. " .. q 



59 

UNU.Qi'l~ 2 llff~~f11~ 1,j~U'UI'YiU'U~ml ~U~')fUlJ 1"f11U nV'Ulm:;'\1~~f11~'Vl~m)~'UtN 
f1~lJfl1'UfllJ (C) f1~lJllV hfif111'Umh~mrf1ff~'UI'U1 (AI) f1~lJ1Jf11~U'~m.:j~1'U (R) l1":;f1~lJ1Jf1 

~ 4 " " .. 

'iiA~nHlRl.nr')11'11cu ~ri'n (flf~ I u1ii) 

120 
.---t ----,1 

1*1 1*1 100 

80 

60 

40 

20 

o 

c AI R AIR 
" 14Q14Q1 

*1l1lmn.:j;J1nmll.Jm'l"'YI~'HH'lJeJ.:jn'llJl~tJ1n'Um::~'lJ .05 

tLL1In~mJ1nn~lJm'lJfJlJlHi.:jm'l"'YI~tleJ.:jfh::r1'lJ .05 

llNU.Qi'l~ 3 IIff~~f11~lm V'UI'YiU'U~lm~m111':ilf11~ 1~'U111 h'Uru:;~f1 nV'Ull":;'\1~~f11~ 
'Vl~"V.:j'UV~f1~lJfl1'UfllJ (C) f1~lJllV hfif1u'U'U'lf1.:j'\1,rf1ff~'UI'U1 (AI) f1~lJ1Jf11~fJ'~UH~1'U (R) 

" " " " 
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AI R AIR 

UNU.uij~ 4 1Lffll~f11'llm (J'U1YitJUfh1~~tJfl11lJ~'U i~l'Hll'\Jw::1111 ~UU~1 riv'Ull"::l1ci~ 
f11'l'VI1l"V~'\JV~fl~lJfl1U'llJ (C) fl~lJllV hUflllUU'lh~l1UmHlU1U1 (AI) fl~lJ1Jfl illtJli'l1'l~9i'l'U 

(R) 1m::fl~lJ1Jfl1LV hUfl11UU'lh~l1UflffciU1UlfHYlJHffl'UtlUf11'l li'm ~~l'U (AIR) 'l::l1')l~tiV'U • 

100 
90 
80 
70 
60 
50 
40 
30 
20 

10 
o 

c 

.----t---, 

AI 

HB-lfl1Hlfl8iFl 

R AIR 

UN'U.uij~ 5 1Lffll~f11'l1111tJU1YitJUfhm ~tJfl11lJ~'U 1 m1\P1'\JW::111 hflmtJI'l1 tiV'U1m :: 

ml~f11'l'VI1l"V~'\JV.:jfl~lJfl1UfllJ (C) fl~lJ11V hUflllUU'lh~'I1UmHlU1Ul (AI) fl~lJ1Jfl hwli'm~ 
q " " " 

9i'1'U (R) 1m::fl~lJ1JflllV hUfl11UU 'lh~l1U myciU1U1HfflJ Hff1'UtlUfll'l l~m .:)9i'1'U (AIR) 'l::l1')N 

ti tJ'U 1m:: ml~ fll 'l'VI1l" tJ~ 1L":: 'l:: 11 11,:) fl~ lJ'VI 11 " tJ.:) • 



.. . 
ct ~ J, ct '1 !'t Slcv ~t "<II ,~ Vev ~I 't A , ..., CV , 

t'ltnm 3 01'l11fl'l1::11flll1UUJ"8-311"lI''lJ'l'lOU::''f1.:10''l'lJfl11.1f,}'lJ 'lJ IVI'l1.101'lHOUt'lfltlH IVI 0"l'lJ'YIIVI'l1.101 'lHOU81 'l1.1 o U1.11.1 111-311U Oll'~1.JI1.Jl oq'lJ . "'1 Vv ~I"" v v '~I" .. , v v v, V v, v 'YI Vl'I1.1 O1'lH 0 I VIti I 11 U'Ht'llU U~:: 0"l'lJHOUfll 'l1.1 OU1.11.1 111.:111U Oll'~1.JI1.Jlj:.lll''lJj:.IlI'lU 01.1 01 'l 11 U'l-3mu OflUU~::11~.:I01'l'YIVlafl-3 

m'jH~ 6 fl1~LmV1Hl1V'U~1L\1~V"l'U""m~(l'U::;{l'UV~fhh::flV'U'Vll~~1~fl1V'UV~fl~lJfnmllJ\hji;{i''Ufl1~~mL~mh:!'~ fl~lJ~i;{i''Ufl1~~flUV 
hilfl u 'U'U'lh~ll1rfl"""'ULU1 flrilJ~ i;{i''Ufl1~ llfll~v' '*LL H~l'U U"::flrilJ~flUV hilmL 'U'U';1~'HUfl"""'ULU1~""lJ~""1'Ut1'Ufn~ 1 ,*lLH~l'Unv'UlL"::'H".:Ifl1~ . . 
'Vl~"V~ 

, , 
n'l1J n'l1JmufJ1J 

(c; n=8) 

~'J1I1.h , OJ 

nt>um'Y1Aat>~ 't1a~m'Y1Aat>~ 

m'cl 1 ~ii'tJ 

(nLnni'lJ) 
25.3 ± 3.4 25.4 ± 3.1 

1~ii'tJ (%) 36.0±3.8 36.5 ±3.9 

tI .: mnn llJltJ t> 

(n1nni'lJ) 
21.6 ± 6.7 22.8 ±4.9 

t1~'),.,btJLt>1~t> 

n::1'Ym 
0.98 ± 0.01 0.98 ± 0.01 

*LLM~1,:j~lmieJtJ1lmJeJ,:jfl~lJl~V1titJ.yh::~1J .05 

tL1~ fl~l,:j ~ lfl fl~lJfI11JfJlJl1li.:J 1lfl~,)::~U .05 

n~1J1JOII6 hun 
, .... OJ 

IIUU'lf'J~'t1Unll'aUl\J1 

(AI; n=8) 

, .... nt>umnlAaM 't1a~m'Y1Aaf)~ 

20.3 ± 6.2 19.8±6.1* 

32.9 ± 8.0 32.5 ±7.8t 

22.3 ±4.9 22.4 ±4.8 

0.95 ±0.03 0.92 ± 0.04*t 

'1J1 ~II II 
mi1J1I0I161 ,ijn"um;'J~'.nrmrau 

n'l1J n Atl '1m'~A1U 
I\J1NlI'1JNlI'lUnUm"Y",~fl'lu 

(R; n=7) 
(AIR; n=8) 

, .... , 
OJ 

nt>um'Y1Aat>~ 't1a~m'Y1Aaf)~ nf)Um'Y1Aaf)~ 't1a~m'Y1Aaf)~ 

23.4 ±4.9 22.5 ±4.4* 22.2 ±3.2 21.7 ±3.4* 

i 

34.6±5.6 33.0±4.8* 32.7 ±4.2 32.1 ±4.4 

25.2 ±5.2 25.9±5.1* 25.1 ±5.4 25.5 ± 5.5* 

0.95 ±0.04 0.95 ±0.04 0.94 ± 0.03 0,93 ± 0.02*t 

0\ .-

nkam
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62 

. 
\)1 f) YIn H n 6 Vi 1.rh 111 (l , '\J,j 'U 1 'U mhm fl h ii ml 'U 'U ,hnn! mHi'tm.n mhifJ f) hw 1 ~ • • 

. 
4d. QI , I d. QI 0 QI ~.q,d QI 

111 fJ'U f) 'Uf) fl 'U f) n 'YI YI (lfl ~ fl fJ1 ~ lJ 'U fJff1f1 ty'YI1 ~ fffl YI 'YI ~:: YI 'U .05 

L1.1fl {L~'U Yl1 '\J,j'U 1'U mllj'flf) 1 flfJ 1 ~1l ~ ~~ 1'U ijfl1(lfl Mlrl mnfJ'Un'Uf)fl'U m ~ 'YIfl (lfl~ mh~ ij 

U fJff1 ti ty'YI1~ fftl~ ~ ~:: ~ 'U .05 11 (l:: 1 'U f)~ 11 lIm16 h iif)ll 'U 'U,h~ '\1,r f)ff" 'Ul'U 1 '\1" ~ m ~ 'YI~(lfl~ ijfl 1 

" ., QI , .cIQI 0 QI 

'U fl fJf) 11f) ~ 11 fl1'U fllJ '\1 (l ~ m 'I 'YI fl (lfl~ flfJ1 ~1J 'U fJ ff1 fI ty .05 

" 1J1(lf)~1111Ufl 1 'Uf)~lJlIf) lflfJ1~1L H~l'U U(l::f)~lJlIf)l1V hiiml 'U'U,h~'\1Uf)ff"'Ul'U1 

~ff11~ff1'U n'Um~ 1 ~11 ~ ~~1'U ijTi1111f)~'Ulrlm nfJ'Un'Uf)v'U m ~ 'YIfl (lv~mh~ij U fJff1ti W'YI H fftl ~ ~ .. 

. 
4d QI' QI t .d. QI 0 QI .c:t..c:::t. .:s QI 

1'Y1 fJ'U f)'Uf)~ 11 fl1'U fllJ'\1 (l ~ f11~'YI~ (lfl~ flfJ1~lJ'U fJff1f1 ty'YI1~ ffflYl'YI ~:: ~ 'U .05 

ff1lJ1~fI1;jfJ'U1Lff~~I~'U11~'UfliJ'~~~11~'UfliJ~ 67 8 11(l:: 9 .. .. 

~'lfl''lI~U (n~ani~) 

35 

30 1*' 1*' 

25 

20 II flil'Ufl1il11ltl,FI 

15 Ii 1I8-lfl1ill1ltlOl-l 

10 

5 

0 

C AI R AIR 

UNlUJ)j~ 6 1Lff~~f)1~l1.1~ fJ'UlnfJ'Ufl1m ~fJ1.111J1ru' '\J,j'U nfl'U11~::l1 "~f)n'YI~(lB~'\Jfl~ 
f)~lJfl1'UfllJ (C) f)~lJ11fl htiml'U'U'lh~l1Uf)ff"'Ul'U1 (AI) f)~lJlIf) l~fJt~l1H~l'U (R) 1L(l::f)~lJllf) 

1m 11 timl 'U 'U'lh~ l1U f)ff" 'U 1'U1 ~fflJ~ff1'U n'U f)1 'I t ~11 H~l 'U (AIR) 'I:: l1':iH nB 'U l1(l::ml ~ f11'I 

• I 

'YI~~B~ 1m:: 'I::1111~f)~lJ'YI~(lfl~ 



4S 

40 

3S 

30 

2S 

20 

lS 

10 

5 

0 

''I~U (%1 

t 1*' 

C AI R 

*lI~n~h~~lnritlUnTnl~"tl~'lJtl~mi1Jl~itJ1tiuyh~"tJ .05 

t 1I~ n9i l.:j ~ In mi 1J f11tJf]1J11" ~ n Try,,,,, tl.:jyj,) ~"tJ .05 

63 

AIR 

UNu.uil~ 7 11 ~~~f11'l"L,j~ fJULiifJUfllm ~fJ i '\I~'W ntl'WlI":;'I1~~f11'l" 'Y1~HHH'\ItI~f)~lJ 
t11Ut1lJ (C) f)~lJl1t1 hiJfl1LUU';1~'I1irf)~~ULUl (AI) f)~lJ1Jf) l~fJi~LL'l"~~llJ (R) Lm:;f)~lJ1Jfl1Lt1 

ctI .. q " 

, I 

11"~ 'l"~'I111~f)" lJ'Y1~" t1~ • 

il'lflnft'l ill if-a (ntfln~il) 
35 ,*, ,*, 
30 

25 

20 

15 
II ftil"llfl1111UiN 

10 

5 

0 

C AI R AIR 

, ,II 

UNUllilfi 8 11 ~~~fl1'l" 1m fJUL'nfJUflllll ~fJlJ1"f)~llJli1t1 n t1lJ 1m:; '11 ~~fl1'l"'Y1~m)~'IHN .. 



9Ai"It41Ul'il1A'ilt'l::tl1n t"1 ---------. t ----------, 

1 I t I 
'*1 

0.98 

0.96 

0.94 

0.92 

0.9 

0.88 

c AI R 

*ll~fl~l~\)lflfh)"ufl1'j'Y1~H\lH"tNfl~1JL~fJ1fl'Ufh::~tJ .05 

tll~fl~l~\)lflfl~1JmtJfJ1Jl1"~fl1'j'Y1'HHl,r~h::~tJ .05 

i*1 

AIR 

64 

UN"UJij~ 9 11 ff ~ ~ f)1'B til tJ1J rn tJ1J Tll m ~ tI tim 1 ff1'l.ml191 m"~ hm n fl'l.J 11 Cl ~ 11 ~ ~ f)1 'j 

'Vl~CltJ~'H)~n~lJ~11JfJlJ (C) n~lJlItJ hfinll1J1J'lh~mrm"~1Jl1J1 (AI) n~lJ11nl~tI'~l1H~l'U (R) 

l1Cl~ nrilJ11f111tJ hfinll 1J1J'Ih~l1,r nff~1Jl1J1fH"lJ ~ffl'\.Jfl1J f)1'j' ~m ~~ l'U (AIR) 'j ~l1'h~ nfl'l.JUCl~ • 



" J/ , 

911'lNn 7 m'll11'1 tJ1J1VitJ1J~lm fttJ~'\JfflJ'l'H)'W~~l'Ufil1lJll ~~1I 'l 'I'~ 'Hl~'\J~Flf)allJ1Ue (lRM) '\Je~fl~lJfil1JfJlJ '1l'~i'1Jfl1'l1hl11~edl~ L~ fl~lJVi 

'~i'1Jm'lNfllle hiifl111J1J')h~'H,r flff"1Jl1J1 flrilJ~ i~i'1Jm'lNfl 1 ~ tJ L ~m ~~1'W lI~~flrilJ Nfl lie hii flU 1J1J'lh~'H,r flff"1Jl1J1r-lfflJr-lffl'Wt11Jfl1'lL ~u H~l'W ne'W • • 

U~~'H"~m'l'YI~~e~ 

, , . 
fl~1J fl~1Jfl1Uf.l1J 

(c; n=8) 

~lllth , 
" fltlUfl1'Y1Rat)~ ,.,a~fl1'Y1Ratl~ 

d 
fl11lJ11 'U~11 H'Utl~ 

" 
~ 

'" " 38.7 ± 9.5 39.4± 10.S nClllJ1Utl~U'Ul 

~lU"'U'l (nlMi'lJ) 
d 

fl11lJIL 'U~LL H'U~H 
~ 

n""llJn1tl9i'U'Ul 31.2±3.5 31.8±S.3 

~lu",ci~ (n1Clni'lJ) 

d 
fl11lJU 'U~U 'H'Utl~ 

~ 

"" '" " n llJlUtl'l1Ultln 21.8 ± 8.4 21.3 ± 9.5 

(nLMi'lJ) 

d 
1'l11lJU 'U'lUH'Utl~ 

~ 

nii'llJLiltl'l1ci~ 3S.6 ± 9.4 37.S ± 11.0 

(n1Clni'lJ) 

*u~n~h~~lnritlulln'Utl~n~lJl~tJ1tiuvh::~'U .OS 

tu~mh~ ~lnn~lJfl1'UfJlJ'I1ci~lln~'i::~'U .05 

fl~1J1Jmm hUfl 
, 

" " IlUU'tfl~"'UflrraUltJ1 

(AI; n=8) 

, 
" flt)Ufl1'Y1Ratl~ ,.,a~fl1'Y1Rat)~ 

32.S ± 8.4 37.S ±9.2* 

27.S ±S.9 32.5 ± S.9* 

19.3 ± 7.8 17.S ± 8.0 

32.S ±2.7 34.4 ± S.6 

'1J 1'" , "" 
'1J1 ~" II 

fl~1J mit) 'Uflllumn,nnmrrau 
fl~1J fl Rtl 'tfll'~mu 

ItJ1Nrr1JNrrlUnufln'.rIl'~"'lU 
(R; n=7) 

(AIR; n=8) 

, 
" 

, 
" flt)Ufl1'Y1Ratl~ ,.,a~fl1'Y1Rat)~ flt)Ufl1'Y1Rat)~ ,.,a~fl1'Y1Rat)~ 

40.0± 12.2 48.9 ± 13.9* 37.5 ± 8.5 40.6 ± 7.3* 

3S.0 ± 10.9 41.7 ± 10.6*t 3S.0 ± S.3 38.7 ± 4.4* 

21.1 ± 7.4 27.2 ± 8.3* 16.3 ± 6.4 21.3 ± 6.9* 

40.5 ± 13.3 47.2 ± 12.8* 31.9 ± 8.4 39.4 ±7.7* 

~ 
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• <!II 1 1"" · <!II 1.... · .... .... .... l" " d fl"llJHfl ~tJ 'lHLHfll'W 1L~::fl"llJHflUt:I ~1JflU1J1J'lf1.:j11'Wflff~1JL1J1HfflJHff1'Wfl1Jfl1~ 'lfUHfl1'W lJ 

ri1lJ1fl~'WL~t:lLYitJ1Jtl1Jnt:l'W fl1~'VI~~t:I.:jt:ld1.:jijUtJ"hfifU'VI1.:jff(i~~~::~1J .05 U~:: 1 'W flrilJllfll~tJl '* 
fI • 

"Q,I .::a • ~ •• QI , ~ eLI 0 Q,I ~oC:l.J 
II ~ .:jfl1'W 11 ~ .:jfl1 ~'VI~~t:I.:j lJ f11lJ 1 fl'U'W fl11fl"llJfl11JfJ lJl1~.:j fl1 ~'VI ~ ~ t:I.:j t:ltJHlJ'WtJff1f1f\j'VI1.:j ff(l fl 'VI 

~::~1J .05 

d ".1" .<9 "" .<9 .. f111lJLL'U.:jLLH'Ut:I.:jfl~llJL'Wt:l11'W1t:1fl l'Wfl~lJNfll~tJl'lfLLH~l'W 1I~::fl~lJNflLLt:I h1JflLL1J1J • • 

. 
Q,I 0 Q.I Ct,Ct,.c:I Q.I 

'W tJff1f1f\j'Vl1.:j ff(lfl 'VI ~ ::~1J .05 

d ".1.....<9"" .<9 .... 
f111lJLL 'U.:jLL H'Ut:I.:jfl~llJL'W t:l11~.:j 1 'Wfl~lJ Nfll~tJl 'lfLLHfl1'W LL~::fl~lJNflLLt:I h1JflLL1J1J • • 

, QI QI Q.I 1" "ctf J Jt.c:t Q.I I , .c:t 
'lf1.:j11 'U flff~ 1J L 1J1 HfflJ Hff1'W fl1J fl n 'lfLL ~.:j fl1'W lJfI1lJ1 fl'U'\.JLlJ t:I L'Vl tJ1J fl1J flt:l 'W fl n 'VI~ ~ t:I.:j t:ltJH lJ 

. 
QJ' 0 Q,I Ct,<Q,a, Q,I 

'W tJff1f1f\j'Vl1.:j ff(l fl 'VI~ ::~1J .05 

ff1lJ1~m;jtJ'WLLff~.:jL1:l'WLLH'Wf1Ui~~.:jLLH'Wf1U~ 10 11 12 LL~:: 13 .. .. 
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Q,J cI .c:t ,.d d 31':""" 
UN'lWlJfl lOLL ff~.:j fl1~ n.h tJ1JL 'VI tJ1J fI1m ~tJfl11lJLL 'U.:j LL ~.:j'U t:I.:j flmlJ t'W t:lfl'W 'U1~ 1'W 11 'U 1 ... 
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tu~n~1.:j1l1nmi1Jfl1UfJ1J11~.:jm'jYlfl"tl.:jlh:;fiu .05 

1*' 

• ftinlfl1rniUlil~ 

AIR 

~J ... ~ oCt 'd d "~",, QI 

UNUoO'lJn 11 11 fffl'l f11l1lJ 'HJ1.H 'VItI'lJTI11 ,HHJTl11lJll'l.l 'Ill H'I.ItI'I mnlJ1'U tlfl'U '1.1 1m 'U1H'l 'I 

ntl'U llCl:; "''''1 f11l 'VI flCl tI'I'I.I tI'Itl~lJTl1'lJ fllJ (C) mllJll tl h iitl11 'lJ'lJ'lf1'1"',r tl ff"'lJ 1'lJ 1 (AI) mi lJHtl 

1 'I"" I ":'II 1 "" I .., .., .., 'I" " fl tI L 'If 11 H m 'U (R) 11 Cl:; tl 'llJ H tllltl l 'lJ tl 11 'lJ 'lJ 'If 1 'I ", 'U tl ffCl 'lJ 111 1 r-lfflJ r-lffl 'U tl 'lJ f11l L 'If 11 H 911 'U 

(AIR) l:; "'-),'1 rltl'Ull Cl:;", "'I f11l 'VIfl Cl tl'l llCl:; l :;",-h'l milJ 'VI fl Cl tI'I 

40 

35 
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1*' 

c AI AIR 

#u~n~1~Ulmitl'Um'jYlflCltl.:j'lltl.:jf)~1JL~fJ1n'Ulh:;fiu .05 . . .. 
~q _to:!.r::t'.cl d "<I!I" t 

UNUoO'lJn 12 llfffl'lf11l1lJl tlll!'Yltl'lJTI1m CltlTl11lJ11 '1.1 '111 H'I.ItI'ItlClllJ1 'U tl", 'U 1t1tl tl tl'U 1m:; 

"''''If11l'VIflCltl'l'l.ltl'lfHllJTl1'lJTllJ (C) milJ11tl hiitlu'lJ'lJ'lf1'1mJtlff"'lJl'lJ1 (AI) tlrllJHtllfltll~l1H 
, It " " 
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70 
1*1 
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1*1 
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• n~mn\'Rai~ 
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20 

10 

0 

C AI R AIR 

4:'4~ q d 1.d d "~Q.I . 
UNU.QUfI 13 11 ff~~ f)1'i l'lh tI'Ul 'YIt1'Ufl1l \HWfl111J 11 'lJ ~11 H'lJV~ fl'O 11Jl \,I V'I"'l ~ flV\,IU'O:: 

'H~~f)1'i'YIfl'OV~'lJV~fl~1Jfl1'Ut'J1J (C) fl~1J11V hUfl11'U'U'lb~'HlTflff~'Ul'U1 (AI) fl~lJHfllfltl'i'm~ 

,;'1\,1 (R) 11'O::fl~lJHfl11V hUflll'U'U,b~'HlTflff~'Ul'U1Hff1JfHn\,ln'Ufl1'i'i'm~,;'1\,1 (AIR) 'i::'H11~ • 



m'jl-3~ 8 fll'jtm VlltViVll~lm ~v"!~tYm 'j(l'U~¢i'1'U mllJ Vl1'11 ~'U~t:l~ ~l~fllV ~t:l~n~lJmllTJlJ l,jl¢i'i'1Jfn:t~mt~mh~ '111 n~lJ~ l¢i'i'llfll'j1Jn 

Ut:l1 'junu 1l1l'lf1~'I1tT ntY"1Jt1J1 ncilJ~ l¢i'i'1Jfll'j 1Jn 111V i ,*U 'j ~~1'U u"~ncilJ1Jmtt:l1 'junu1J1J'lh~'I1 tT ntY"1Jt1J1~tYlJ~tYl'U n1Jfll'j i ,*U H~l'U nt:l'ULt"~'I1"~fll'j • • 

1111"t:l~ 

, , mi)J~flIlfl hun 
n'l)J n'l)Jfl11.1fJ)J , .., v 

111.11.1111.:J'\1Umnl1.Jl1.Jl 
(c; n=8) 

~1,,\h 
(AI; n=8) 

OflU01nlYillfl.:J I 11a.:Jm'flYilIfl.:J I OflUm'flYilIfl.:J I 11a.:Jm'flYilIfl.:J 

... . 
f111lJUfI'I1 ~tJ'lJtl~ -0.8 ± 3.8 -0.1 ± 3.2 -0.1 ± 2.9 0.1 ±2.2 

il~mU(L'I1tJ~llJ~'i) 

, "', '\ ~ " " n'l)JH n 1 YltJ 11111' .:JYllU 

(R; n=7) 

, OJ 

nflU01nlYillfl.:J '\1l1.:J01nIYillO.:J 

1.44 ±2.3 1.8±2.4 

n~)J1JflIlfl hunllumb.:J'\1,rnnau 

I1.JlNtT)JNnlU 0'1.101" oVlI'.:JpY1U 

(AIR; n=8) 

, I U 
nflU01nlYillO.:J 11l1.:J01nIYl1l6.:J 

0.4 ± 2.4 1.5 ± 3.1 

• y 

~lnm'jl~Vi 8 'Vill':h f111lJVl1 '11 V'U~t:l~~l~fllV ',jijtTmhfirul1l~tYi)~h1~fl1V '1 'U ncilJu,,~'j~ '\1'h~ nci lJ tYllJl'jm~ V'Utt tYl1~t~'Uu~'Uflijl¢i'~~u~'Uflij . 
"" 11 14 

q U II" ~-u 

0\ 
'10 
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UN\UJij~ 14 U~lI ~fl1~ Itl~ tI'Ul'¥ltl'U~lm ~ tlWJ1lJUlI'11 ~'U 'Uu ·n\~fl1t1 nU'ULLCl::mt~ fll'.i 
'YlllClU~'UU~fl~lJfl1'U~lJ (C) fl~lJLLU hiiflLL'U'U'lhm11fl~~'UI'Ul (AI) fl~lJllflll1t1i~m~~l'U (R) 

UCl::fl~ lJllfllLU hii flIl 'U'U 'lh~ '11 11 fl~~'UI'Ulr-l~lJ r-l~1'U n'Ufl1'.l i ~LL H~ l'U (AIR) 1::'11 'h~ nu'U llel:: 
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ci "" "ci q ~ '" , 1.'1 'l'I vV ~I "'I ,~ }Iv ~I ~ "" , v v , ci 
V16U't1 4 O1111f111~'I1f111iHUJ'1Tl'tf11fllJ IUUl6V1'U6-.3fHnJfl1tJfUJ IlJ IVl1tJ011HnUVl6t:Jl-.3IVl fHllJ't1IVl1tJ011HnU611tJnUtJtJ'tf1-.3'11UnUUtJl1J1 nUlJ't1 

q 41 q q 

1.'1 v.., ~I ~ , v v '~I ~... , ..,.., .." v v' .... 
IVi 1tJ 011 Hn IVlfJ 'tf U1 ~V11U UU~ nUlJH nU6, 1tJ mltJtJ 'tf1~'I1U nuutJ l1J1HUlJHU1U ntJ n 11 'tf U1 ~V11U n6UUU~'I1U~ill n 01 1't1V1U6~ 

~ 

VI11H~ 10 mmRVtJLlivm;'lQ~V'C1'17;"'llfl)j1'UL~fl~ '\Jv~n~lJ~i~~tJm~llmlfl hUnUtJtJ'lh~l1un'C1'''tJLtJ1 n~lJ~i~~tJm~lln 1~vl,*m~~1'U • • 
u~~ n~lJ llmw 17UnU tJtJ'lh~l1U n'C1'''tJLtJ1~'C1'lJ ~'C1'1'U ntJm~ 1 i'u ~ ~ ~1'U nfl'Uu~~l1"~ ~ lnm7'Y1~~ V~ 

n~)J 

~111'lh 

~::fi'lJ1ilm{l1'U 
... '" 

'(l 'f)" fl1 tll1 (l ·H) " 

'fl1'\1l~ ,tJ'Ul1{ll 8 

';11lJ~ (ij{l~fli'lJ/ 

I";~~~) 

'fl{l h1;'{l'YI 

i 1lJ 1fl{lii'U 

.1 "d .-
('u'f)Wlf'U~) 

~lfl1~'ll~::lij'U 
,l I.- Cl 

1'l11lJ"'f)~'f) 'f)'U 'l!{l'U 

1"tl1n 1~m'f)rf1~ 

;n 

, 
n~)Jf11'lJf.!)J 

fl~)JNnlle hun 

, ........ 
1I'lJ'lJ'I11~'t1'U nua'lJI'lJ1 

, ~I 'i 'IV v 
fl~)JHn IVltJl'l1I1'l~YllU 

m;)JNmm 1 'lU flll'lJ'lJ~1~l1,rnUa'lJ • 
l'lJ1HU)JHU1'U O'lJ fll'l' ~1I'l ~~1'U 

(c; n=8) (R; n=7) 
(AI; n=8) (AIR; n=8) 

nt)'Ufll'l'YIvraM l1a~fll'l't1V1ae~ ne'Ufll'l't1V1at)~ 't1a~fll'l't1V1at)~ I nt)'Ufll'l't1V1ae~ I 't1a~fll'l't1V1ae~ I ne'Ufll'l't1V1ae~ I 't1a~fll'l't1V1ae~ 

1334 ± 27.7 135.6 ± 33.5 131.4 ± 30.7 106.4 ± 17.7* 142.6 ± 38.2 124.2 ± 37.4 137.5 ± 26.8 122.0 ± 24.8* 

7.7 ± 1.3 8.5 ±2.3 6.8 ±0.9 6.5 ± 0.8*t 7.7 ± 1.0 7.4 ± 0.8 7.5 ± 1.9 7.1 ± 1.4 

3.67 ± 1.55 4.12 ± 1.85 3.33 ± 1.73 2.28±1.15* 2.80 ± 1.30 2.40 ± 1.38* 2.94± 1.16 1.65 ± 1.09*t 

....... w 
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I1Il'iN~ 10 f111t,ntJ'UtVitJmhm ~tJffl1;';l1flm 'Util t:J~ 'U~Nflq1J~ i~f'Ufn11Jmtfl hiJflU'U'U'lh,n1'Uflff~'Ut'U1 flq1J~ i~f'Uf1111Jfll~tJ' ,*m ~~1'U 
U~::flq1J1JflUt:J l1iJmt'U'U'lh~'1'nr flff~'Ut'U1Hff1JHffl'Uti'Uf111' ,*U 1 ~~1'Utlfl'Utm::'\1~~~lflf111'Y1~~fl~ (~fl) 

flQ",'fIflue l,ufl '1J 1- , u u , , 
''fIl ~SI SI 

flQ'" flIlO 11.JflIl1.J1.JY1,nnmcr111.J 
fl'l'" fl'l"'fl11.JfJ'" , ., ., flQ'" fl VIti YII1\1mU 

I1.J1NtT"'NtT1U n1Jfll11Yu1\1~1U U1JUV1\1,.,Ufli:r111.J11.J1 
(c; n=8) (R; n=7) 

~1m.h 
(AI; n=8) (AIR; n=8) 

, ., , ., , ., , ., 
fleUfll1'Y1V111e\l ,.,11\1 fll1'Y1 VI 110\1 flOU fll1'Y1V1110 \I ,., 11\1 fll1'Y1V1 110 \I flOUfll1'Y1V111M "l1\1fll1'Y1V1110\l fleUfll1'Y1V1110'1 ,.,11\1 fll1'Y1R11e \I 

fHHlL ~i:rI91 ~'HH' 

(ii~~fli'lJ/l"~~m) 
210.1 ± 36.7 208.1 ± 33.6 198.1 ±42.2 182.8±41.4* 186.8 ± 33.9 175.0 ± 35.4 181.4 ±43.6 174.5 ±44.2 

'1~'''l.J~ih 1tJ 

1tJ~~l.J(ii~~ni'lJ/ 43 .6 ± 8.4 47.1±12.2 52.5 ± 15.0 59.6 ± 15.8* 37.1±8.5 43.7 ± 10.7* 53.0 ± 15.3 56.3 ± 16.7* 

1"~~91~) 

1fl11"l.J~i'1fl1tJ 
1tJ~~l.J(ii~~ni'lJ/ 

1"~~91~) 131.3 ± 35.9 120.2 ± 33.8 123.8 ± 33.4 104.2 ± 40.5* 126.3 ±28.3 108.3 ± 30.6* 107.0 ± 26.9 99,9 ±27.8* 

'1mn~I'lfe '1~,1 
160.0 ± 89.7 

(ii~~ni'lJ/I"~~m) 
135.9 ± 46.1 109.0 ± 52.8 101.4 ± 43 .8 116.8 ± 58.2 120.9 ±46.8 113.1 ± 19.4 79.1 ± 27.7* 

1~l.J i~~l1l.Jl.J ,111vlfl 

.. tJ .. d .. 
115.5 ±28.9 141.3 ± 31.7* 154.6 ± 56.4 133.8 ± 37.3 121.1 ± 62.3 115.0 ± 31.6 110.3 ± 39.4 84.0 ± 21.2*t¥ 

191~~ (I e~I'lfl.J91) 

n~~1'1'V11'el1.Jl'Yie1 

~n~I"ff (QU911 7360.0 ± 1409.1 6750.0 ± 1746.4 7087.5 ± 1978.8 6725.0±2554.3 6018.8 ±2501.7 7812.5± 2063.6· 6828.6 ± 2761.3 8614.3± 2666.1· 

~m) 

I 

...:J 

.j>. 
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m~l'l~ 10 tll'Hm tJtll-ntJtlr11tQ ~mn1;11f1m 'Ul~ Ul1 'UU'Itl~lJ~ i~i't1tl111ltl11U hUtl11t1t1'lh'll',,!mn;t111J1 tl~lJ~ i~i'tJtl111ltl111tJl ,*m '1~1'U . . 
ml:;tl~lJ lltl11U 11 Utl11t1tJ'1f1'1 '1'T'I! mH1t111J1 HfflJ Hffl'U ntltl11 i '*111 '1~1'U nU'U11"':;'I1~'1~ltltl11'Yl11"'U'I (9iU) • 

, , 
n'lll nQlIfl'l1.1 flll 

(c; n=8) 

~'lll\h , .., 
n6UnWnVll'l6'1 'ttl'l'lmnIVll'l6'1 

m,,;' 1 i ..,lvUl 'YHl 
'II 

16n;I~Hr11lJ (Q 8160.0 ± 1929.2 9480.0 ± 2024.1 

i191/~9l1) 

i ... ~i ... lJl'c'l6U ft6'c'1ft 8ft 

(ilJ 1m 1lJ'c'I/n911) 
1.59± 0.39 1.23 ± 0.18* 

*1191n~ml1nn6Unl1..,ft'c'l6~'lJ6~n~lJl~tJ1tlUvh::fi'IJ .05 

tL191 n~ mlln n~lJfl1'IJfJlJ'11 "·:i~ n~1 ::fi'IJ .05 

¥LL91n~1-Hllnn~lJ1Jn ifttJi~m ~,;'lu'tt,,~1Jn~'j::fi'IJ .05 

n~1I"t1nu6 hun 
, 

'" '" Ul.l 1.1 '11'1'1 'ttU mrl'l 1.1 11.l1 

(AI; n=8) 

, .., 
n6Um1'Y1V1l'16'1 'ttl'l'lm1'Y1V1l'1M 

8618.8 ± 1887.9 9281.3± 1825.9* 

1.80 ± 0.63 1.25 ± 0.25* 

§LL91 n~ l~ \J In n~lJ 1J mw i 1D nU'IJ'lJ1·n1 nff"'IJ1'1Jl~H'I'lJ~H"'U tl'IJ nl'j i ~m ~,;'lUl1 ,,~1Jn~1::fi'IJ .05 

'''tI~ ~" II nQlI n VIti 'IIU1'1V11U 

(R; n=7) 

, .., 
n6Um1'Y1V1l'16'1 'ttl'l'lm1'Y1V1l'16'1 

10518.8± 2439.3 10706.3± 2681.1 

1.62 ± 0.39 1.07 ±0.26* 

n~1I"t1nIl6 hiinlluuY'l.:nnlntJau 

11.l1NtJlINtJ1UKl.lm1';'1I1-3fllU 

(AIR; n=8) 

, .., 
n6Um1'Y1V1t16'1 'ttl'l-3m1'Y1V1t16-3 

8024.9 ± 2757.4 9242.9± 3692.1* 

2.11 ± 0.87 1.51 ± 0.51* 

I 

-.J 
VI 
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." . 
~lfl~111,:jli 10 vnrh 1::~'U,.h~lClllJlihl~'\lW::tl~ml1l'HillJl1'11 8 i'11lJ,:j llJfl~lJllfl 

Utl hUflLL 'U'U,f1,:j 1111 flff~tJ1'U 1 U Cl:: flrllJ llfll1tl hUflll 'U'U,f1,:j 1111 flff~ 'U 1 'U l~ffll ~ffllJ n'Ufll1 1 ,$' • 
,., d I I • do Go' 0 CLI ~oIII::Iod Q,I 

11 1,:j ~ llJlJTllCl~ Cl,:j ~lflfltllJ flWY1~ Cl tl,:j mm II lJVfflT1W'Yl1,:j fftl~ 'Yl 1::~ 'U .05 
u 

'flCl1T1;m'Yl~ llJ 1flClUlJ llJfl~lJllfll1tl hUflll'U'U,f1,:j1111 flff~'Ul'U1ijfi lCl~Cl,:jlrt mliv'Un'U . . 
• 4. d ..,. eLI , QQI 0 cv 4CIt...c:It...:::t Q,I 

fl tllJ fll1 'Yl~Cl tl,:jlm::llJ tll 'Yl V'Ufl'U flq lJTl1'UfJ lJl1 Cl,:jfll1'Yl~ Cl tl,:j tlVl,:jlJ lJ VfflT1 ty'Yll,:j fftl ~ 'Yl 1:: ~ 'U .05 

" filfl1n.h::lijlJTl11lJ$itlYitlijlJ1~lJ 1~v1~1 gij 1tlff1~~ff llJfl~lJllfll1tl1 1 Uflll'U'U,f1,:j 

11l1flff~'Ul'U1 fl~lJ1Jfl1~v l,$'UH~llJ UCl::fl~lJllfll1tl hUflll'U'U,f1,:j l1U m"~'Ul'Ul~fflJ ~ffllJ n'Ufll1 

1 ,$'UH~llJijfilCl~Cl,:j~lflfltllJ fll1'Yl~Cltl,:jtltil,:jijUVfflTiW'Yll,:jff{)~~1::~'U .05 1m:: llJ flrllJllfll1tl h 
u • 

I d Q.I 0 cv ~.c:..tr::I Q,I 

'Yl ~Cl fl,:jtlVl,:jlJlJ VfflT1ty'Yll,:jfftl~ 'Yl 1:: ~ 'U .05 

TlCl mClffl~ tl1 tlCl llJ tlrllJ llfll1tl hu flll 'U'U,f1,:j11 U tlff~ 'Ul'Ulijfi lCl~ Mlrt mli v'Un'UflfllJ • 

. 
Q,I f I .ct Q,I 0 Q,I c:t.CItoQ Q,I 

tl'UtlflU fll1 'Yl ~ Cl fl,:j fl Vl,:jlJ U VfflT1ty'Yl N fftlll 'Yl 1:: ~ 'U .05 

" 1Cl1lllU~~'Cl hnlh~lJ llJtlrlllllflllfl hUflll'U'U,f1,:jl1Utlff~'UI'U1 tlrllJllfl111vl,$'uH • • 

Q,I I I d Q,I 0 Q,I c:t..c:::t..c:::! Q,I 

tl 'U tl flU fll1 'Yl11 Cl fl,:j flVl,:jlJ lJ VfflT1ty'Yll,:j fftlll 'Yl 1:: 11 'U .05 

'll'l'tl~l9ffl' 1,] llJ tlrllJllfll1fl1 1Uflll 'U'U,f1,:j11 Utlff~'U1 'U 1 ~fflJ ~fflU n'U fll1' ~11 H~llJ ij • , . 
, 4 d GI , I d Q,I 0 Q,I .t:::\Cl.c:l QJ 

Tl1 Cll1 Cl ,:jllJ m'Yl V'U tl'U tlflU fll 1 'Yl11 Cl fl,:j fl Vl,:j llU V fflT1ty'Yl1,:j fftlll'Yl 1:: 11'U .05 

Cl.t:::\ tI til' .ct,.c:.~';'q GIl let 

1 flU 1Cl Clil 'U lJ ~u vJTllll fl 1 U flmJTl1'UTllJlJTl11 'Vlll '\lU IlJ fll 'Yl V'U tl'U tl flU fl1 1 'Yl11 Cl fl,:j fl V 1,:j lJ • • 
UVfflTiW'Yl1,:j ffil~~1:: ~'U .05 Im::'u tlrlll ~fll1tl hUtlU'U'U,f1,:j11 U tlm, 'UI'U l~fflJ ~fflU n'Utll1' ~ 

u • 

, "Q,I , .ct Q,I 0 Q,I 4CIt..t:::\.ct QI 

1l1U 11 Cl,:j fll 1 'Yl11 Cl fl,:j flVl,:j llU V fflT1ty'Yl N fftlll'Yl 1 ::11'U .05 

tlCl~l' 'Yl1 fllJ1'Vlfl1flfl~ll1 ff 'U tl rl llll tl 111 V,,$'II H~lUl1Cl::tlrlll ~fll1tl hu flll 'U'U,f1,:jl1U tl .. . . 
.t:::\.t:::\.ct QI 

fftl~'Yl1::11'U .05 

tlCl~l' 'Yl1 fllJI'Vlfl1 fltl~ll1 ff1 1ll 'U f)rllJ~fll1fl hUflll'U'U'lf1,:jl1U m"~'UI'U1UCl :: f)rlll ~fllifl .. . . 



" .c:S' 4 d QI I , .Q QI 0 QI ~Q.c:l QI 

9l1\J 1J m" ~HHllW 1 VI fJ 'U n 'Uf)ij\J m 'S VI ~"V~ V fJ1~ 1J \J fJ ff1fl rum ~ ff (111 VI'S:: ~ 'U .05 
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ff11J1'Sm;jfJ\J11ff~~lrJ\JllH\JfJiJ'~~~mmfJiJ~ 16 17 18 192021 22232425 11":: 26 
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c AI R AIR 
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llflUf1ijn 16 11 ff~~m'Slm fJ'U1'¥ifJ'Url11\l~fJ'S::~'Ulh1l1" 1 \Jli,v~'Uw::v~ Vl'l11'S lrJ \J 11"1 8 .. 
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r*. 

AI R 

*LLVln~h'l\J1m)~lJm'n1f1'H)'1"~'1n~lJL~fJ1tilJli'l~~1J .05 

tLLVln~ 1'1 \J1nn~lJfl11JfllJ'HIi'lm'l'YIf1 C\ ~.:jli'l~~1J .05 
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AIR 

UNUiJil~ 17 11~~_:jf11'HtI'1 tJ1JlYi fJ1Jfl1m ~tJ 'fl~ i fl~m'YI ~ilJ i fl~ih.J ri~lJLL~::l1~_:jf11'J 
'YI~~~_:j'\J~_:jflrilJfl11JfllJ (C) flrilJLL~ hi!flLL1J1J'lh_:jl1,rfl~~1JI1J1 (AI) flrilJHfl i~tJi~m_:j~llJ (R) 

" " " " 

I'h n'l 'itl'i ~lilul'l"'l ~r.i'ilR'il~U'l! ilUtflfJ7) 6'lll' ;,t'il fillAifi 
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o 

r-----------------t----------------~ 

r*. 

c AI R 

*LLVI n~l'1 \J1m)~lJ nWYlf1 C\ eJ'I" eJ'I n~lJL~fJ1tilJ li'l~~1J .05 

tLLVln~1'1\J1nn~lJfl11JfllJ'HIi'lm'l'YIf1C\HYh~~tJ .05 

, ." 

1*' 

AIR 

uNu-uiln 18 11 ~~f11'J ItI'1 tJ1JI YitJ1J~ll~ ~tJfl1'J tI'J ::llJlJ fl11lJ$ifl~fl UlJ 'lr~lJ i~W1li l~ii 

1 fl~I~9f~ ri~lJlm::11~_:jf11'J'YI~~fl_:j'\J~_:jflrilJfl11JfllJ (C) flrilJLL~ i 'Ji!flLl1J1JoM'Nl1,rmnl1Jl1J1 (AI) • • • 
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flft'al iftlFl'a9'ilfl (;'flftn~~ /lAiftM) 
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U~'UJij~ 19 llff~.:Jf11'J 1m tllHlitl1J~hm ~tlmHlICHYL~tJ'HH'l t1tJ'UllCl::'11 ~.:Jf11'J'VI~Cl tJ.:J'\JtJ.:J 
flrilJfl11JfllJ (C) flrilJlltJ hiJfl111J1J 'lh.:J'I1Uflff~U11J1 (AI) flrilJ'Nfl hwi,*l1H~l'U (R) llCl::flrilJ'Nfl q q q q q 

1lJlAllifi'fl tlltllo;Au (ilflflnf)I/lA~A A 0;) 

M 1*' 
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R AIR 

umuJij~ 20 11 ff~.:J f11'J 1tJ"1 tlU1litlu~lm ~tI i~l~tJC~ii Cl1 tJ 1 tJ'J ~'U t1tJ'UllCl::'I1~.:J f11'J 

'VI~CltJ.:J'\JtJ.:JflrilJfl1UfllJ (C) flrilJlltJ hiJfl11U1J'lh.:J'I1'Uflff~U11J1 (AI) flrilJ'Nfl1~tli,*l1H~1'U (R) 
.. q q q 

11Cl:: fl~ lJ 'Nfl1ltJ h iJ fl11UU'lfl.:J '11 U flff~U 1U l~HYlJ Hffl'U nUfll'J i '*11 H~l'U (AIR) 'J ::wh.:Jt1tJ'U 11Cl:: 

'I1~.:Jf11'J'VI~CltJ.:J 11Cl::'J:: Wjl.:JflrilJ'VI~Cl tJ.:J . 
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uNu.uiln 21 Ufffl~fl1'Hl1~ tJ1JlntJ1J~lm ~tJ 1 ~11f1Uc]~' ~ 111111'j~u nflUU~~'HC\~fl1'j 

'Yl,nw~'\Jfl~fHllJfl11JTllJ (C) n~lJUfl hiJml1J1J')h~'HUnffc\lJI1Jl (AI) n~lJlln 1,wl~I1H~lU (R) 

u~~n~lJllmlfl hijnU1J1J'lh~'Hum"c\1JI1JlfHYlJHfflUn1Jfl1'jl~I1H~lU (AIR) 'j~W:h~nflUI1~~ 

'HC\~fl1'j 'Ylfl~fl~ 11~~ 'j~wh~n~lJ'Ylfl~fl~ • 

'Mnftl'll'ilhFi (ilflftnf~/lAiiiA~) 

300 

250 
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100 
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c AI 
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R AIR 

UNUililn 22 II fffl~ flTH 11'1 tJ1JlntJ1J'~ m~lC)ffl' Hi' nflUII ~~'H c\~ fl1'j'Ylfl~fl~'\Jfl~ fl~lJ v • 

, , 
ml~'j ~'H 11~fl~lJ'Ylfl~ fl~ • 
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r-----------------t----------------~ 
---- ¥ ----...., 

c AI R 

·1l1lmhHl1m)8'\.JnWYlrl'HH~8~n~1JL~tJ1ti'UYi'j~fitJ .05 

tLL1ImhHl1nn~1Jfl1tJfl1Jl1ti':InWYlrlCl8~Yi'j~fitJ .05 

¥1l1ln~h~\llnn~1Jlln lrltJHfLL'j~~1'Ul1ti~m'j'V1rlCl8~~'j~fitJ .05 

AIR 
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UN'U.oij~ 23 Uffll-:Jrn'HmtJIVitJ1JTh1\l~tJ1V'U1Cl~UUWUvJfl111V{ rlV'U11Cl:;'I1"'-:Jrn'jl1l1ClV-:J 

~V-:Jfl~lJfl11JTJlJ (C) fl~lJl1V h1Jfl111J1J'lh-:J'I1,rflff"'1J11J1 (AI) fl~lJllfl illtJ1~UH~1'U (R) UCl:; 

fl~lJ llflUV h 1JflU1J1J 'lh-:J'I1,r flff"'1J11J1HfflJ Hff1'U tl1J flU 1 ~u H~ 1'U (AIR) 'j:;'11 11-:J rlm.WCl:; 'I1"'-:J • 
o 0 

flUl1l1ClV-:J 11Cl:; 'j:;'I111-:JflCllJl1l1ClV-:J • 

OfjA1 i Y1t'ilUl l't'ili'iln·jul1lfl (gil AI ftfl'i) 

12000 

10000 

8000 

6000 

4000 

2000 

a 
c AI 

1*. 1*. 

R AIR 

UN'U.oij~ 24 11ffll-:Jrn'j 1m tJ1J1VitJ1J~11\l ~tJn'J~l L 11 i V'U1'Wm vnc]ll1ff rlm.JUCl:;'I1"'-:Jrn'j 

1111ClV-:J~V-:Jfl~lJfl11JfllJ (C) fl~lJl1V h1Jfl111J1J'lf1-:J'I1,rflff"'1J11Jl (AI) nrilJllfl illtJi~UH~l'U (R) 
ct It " 'II 
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nt\~h'"tilul Yfllf'iln~1l AU"~ (lIilf;t /iiA'j) 
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UN'U.Qij~ 25 lIt'1'~Hf1111mtl1Jllitl1JTi1m~tlfl~9l'1' 'Yl1m.Jl'VH)H)flcil~t'I'11lJ rifl'UlI~~'I1"~ 
f111'Yl~~fl~'\Jfl~mllJfl11J~lJ (C) fl~lJlIfl 11iJfl111J1J'lh~'I1irflt'l'''1Jl1J1 (AI) fl~lJNfl1~tli~l1H9l'1'U 
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3.1 ~l'UtHfi'1.h::m)tlm~flltJ 

3.1.1lJ1Cl''\J,j''U'\JtHfl~lJflfl116 11iiflUtltl'lh~irflff~1J1tl1 fl~lJNfll~tJ1~uH~1'U 
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.1 .. d ~ '" , -:tI 1 1 v v "" ..,j '" ... , ~I 
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fld1~iiir tJff1tlqJ~ ~ ::~tl .05 UCl::fl~lJNflUfl 11 iiflLL tltl'lh~'\1ir flff~tlL tl1'\1 ~~fll'i 'YI~Cl fl~iifll\~ fltJ 
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'\1,rflff~tlLtl1 fl~lJNfll ~tJ i ~U'i ~~1'U LLCl::fl~lJNfl1Lfl 11iiflU tltl'lh~ '\1 ir flff~1J1tl1 ~fflJ ~ff1'U ntlfll~ 

l~m~~l'U iifl1lJ1fl~'ULrlmntJtlntlnt)'Ufll~'YI~Clt)~t)d1~iiirmhtlqJ~~::~tl .05 

d "~,, y Q.I , .:9 c. , 
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mtJ''Un~lJU'fl::'j::111Hn~lJ 

3.4 ~ 1'U fl11lJflfl'YI'U '\Ifl~'j::tJ tJ111' ~ U 'fl:: f)1'j 111tJh .... tJ 11 -cUJ'l'l (l m .... nl'j, ~ 
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., • dQ,l 0 GI.ct IV 
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4.foI'fl~1'Uff1'j'lf1Lfl1J 'Umflfl .... tJ11 
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~ 
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,h~l1U nff~ tJ11J1 1m:: n~ 1J 1Jn 1 fill' eMLL 'j ~~ 1'U ijfl1'flfl 'fl~~ 1f)fi fl'U f)1'j 'YIfI 'fl fl~ fl V1~ iju mhTi' w~ 'j:: ~ 'U 
• u 
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foIff1JfoIff1'U O'tJf)1 'j, ~LL 'j ~~ l'U ij fl1'flfl 'fl~1J1nn11n ~ 1Jfl1tJ fl1J 11 ~ -:j f)1 'j 'YI fI" fl -:j fl V1-:j ij U mhTi' W~ 'j:: ~tJ 
• • u 

.05 

. 
, , dQl 0 QI.:::I QI 

n f)'U f)1'j 'YIfI 'flfl-:j f) lI1-:j 1J 'U tJff1fl W'YI 'j ::fltJ .05 
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~ 

4.5 'gLfI'Uti~h hJhh~'U'U'\Ifl-:jn~1J1Jf)l1{) 1'jiJf)l1tJtJ,f1-:j11'l1nff~tJ11J1 n~1J1Jn l,w • • 

.c:S QI , , ..c:::IGI 0 Q.I.c:t QI 

L 'YIlItJ ntJ nf)'U f)1'j 'YIfI 'fl f)-:jf)tJ1-:j1J'U lIfflfl ty'YI 'j:: fltJ .05 

4.7 1 \Pl 'j n~ L9ff) i'l,}'\1 f)-:j n ri 1J 1JnLLf) h iJ fiLL tJ tJ,f1-:j l1U n ff~tJL tJ1fo1 ff1J foIffl'U O'tJ f)1'j i ~ • 
"AI Jt d QI' 'dev 0 QI d Q.I 
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. 
, d.., 0 CV Q Q.I 

m~'YI~H'lV.:.I V[l1.:.llJtWff1fltlJ'YI~::~tJ .05 
u 

"1 1 ... , -:tl 1 , " " d' ..,:. .1 .4 d ., 4.9 fl\l~l 'YI VlJl'VW~VflC)fl~ff'IJV.:.Ifl"llJHfl ~[I ')j'llH~llJlJflll"'lJ'lJlJllJVl'YI[ltJfltJ . 
nVlJ fll~'YI~~ V.:.IVfh~ih1[1ff1fifYl1~:: ~tJ .01 LL~:: 1 lJ fl~lJ~flUV hiJflU tJ tJ'lhnn1 flff~1.Jl1.Jl 

~fflJ ~ff1lJ t1tJm~ 1 oM'll ~ .:.I~llJ ijfi1l~lJ~lJ lrt Vll1[1tJt1tJnvlJ fll~'YI~~v~vd1.:.lijir [lff1fifY~~::~tJ .05 

4.1 0 fl\l~l 1 'YIl VlJl..,mvflcil~ff~llJ'lJV.:.Ifl~lJ~flllV hiJfll1tJtJ'lf1.:.1l1ir flff~tJl1.Jlll~:: 

fl~lJ~flllV 1 ~iJfllltJtJ'lf1~l1ir flff~tJ l1.J1~fflJ~ff1lJ t1tJfll~ 1 oM'll ~ ~~llJ ijfi1l~lJ~lJ 1rtvll1[1tJt1tJnvlJ 

4.11 1Jl~ VlJ 1~v~~ '~fi' , lJ fl~lJ ~flllV h iJ fll1tJtJ'lfl~l1ir flff~tJltJlll~::milJ ~fl 

llV 1 ~iJfll1tJ tJ'lfl.:.1l1ir flff~ tJl1.Jl~fflJ ~ff1lJ t1tJm~ 1 oM'll ~ ~~llJ ijfi 1~~ ~ ~ lrt Vll1 [ltJ t1tJn VlJ m~ 'YI ~ ~ V.:.I 

Vd1~ijir [lff1fifY~~::~tJ .05 ll~::' lJ fl~lJ ~fll~[I 1 oM'll H~llJ ijfi1~~~.:.I1rt Vl n[ltJt1tJnvlJ fln'YI~~V~ 

" 
5. ~~'lJv~m~ 1 l1 ~'lJv~l~v~ilJ fll'Y1l1U[lff 

J/ JI • , 

5.1 v~~lm~ 1 l1~'IJV~l~ v~ilJ fll'Y1llU [lff'IJW::~ fl'IJV~vl.:.l fffl~lJ 1liiifln llJ~[llJlltl".:.I 
· . I dQ.l 0 QI q Q.I 4 A Q.I • , , 

mJl.:.llJlJ [lff1fltlJ'VI~:: ~ tJ .05 llJ V 1'V1 [ltJ fltJfl VlJ m~ 'YI~" V.:.lll~:: ~:: l111~ fl"lJ 
u • 

" J/ • , 

5.2 vm 1fll~ 1 l1 "'11 V~ 1~ v~ilJ fll'V111 U[lffff ~ff~ '11 V.:.I vl.:.l ffmi lJ 1li ii fln 1 tl ~ [llJll tl".:.1 .. . . · . , d Q.I 0 Q.I.:t Q.I .a.r::t. Q.I , , , 

V[l1.:.llJlJ [lff1fltlJ'VI~:: ~ tJ .05 llJ m'VI [ltJfltJ fl VlJ m~ 'VI~~ V.:.Ilm:: ~:: 'I111~ fl" lJ 
u • 

" 
5.3 vm1fln 1 'I1~'IJv~l~v~ilJfll'Y1llU{jff~ .:.I~~~fl'IJW::~fl , lJfl~lJ~flllV hiJfll1tJtJ 

'li1~'11 ir flff~ tJ1tJ l~fflJ ~ff1lJ t1tJ fll~' oM'l1 ~.:.I ~ 1lJ iifi ll"~ lJ ~lJ 1Jl flfll1 fl ~ lJ flltJ fJ lJ l1 ~~ fll~'VI~ ~ V~ 
· , .Q Q,I 0 Q.I.c::i Q.I 

fl[ll ~ lJ lJ [lff1fltlJ'VI~:: ~tJ .05 
u 

r-Itl'U tHfll 'l00 nn 1 ~~fll[J~ 09l1U1.h'Yl1~ tl~ 'l1 'YI£J1 'U O~ n~ 'lI~' ~rlJ fll 'l 0 0 nn lil~ fll[Jutll 'lU n 

ulJ1J'Ih~'HuntlillJl1Jl n~'lI~'~rlJfll'lOtlnn1il~m[Jl~l[J,,yU'l~~lU Utl::n~'lI~'~rlJm'ltltlnnlil~ 
fll[Jutll 'lU nUlJ1J'Ih~'Hu mra'lJl1J lr-1tl'llr-l tYlUftlJfll'l ,,yU'l ~~lU 

.. " 
fln flflflfh~.:.IfllmtJlJn [lfllJi' tJ 1 ~[lvll 1 tll1',r r·m~~ fl flnYJ lJvl'IJ fl~~ lUtl ~'VI1~ff1 ~1'V1V1 .. 

" 
VlJ 1~uri V\Pl~lfll~l~lJ'IJ V.:.IM1' lI'IJW::~fl fll1lJ~lJ l~M\Pl till1 ir fl~l11"::f1')j'UlJl"fll[l ii.:.l1lJ 1~[I 

~ llJ llJ lJ 1 flll ff~ ~,,r 11~ lJ 0.:.1 fll ~ 1 tl~ [I lJ 1l tl M'IJ fl.:.l ~ 111 tl ~ 'VI N ff1 ~ 1 'VI [11111 fl flU V V fl fh~ ~ fllV 

1I1flcifl1m::flW:: (Jakicic et a!., 2003) 1~ffflfl1l~fJ~~~'IJfJn::v::l1mU"::fl11lJl1irflilJflnVflfl-
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,~ ~ 

fh"".:jflltlniif·H'~Vfll1n~U llfUfl 1 'U~lftY.:jitl'tlHl'U vnrh ";.:j fll1VVfltil"".:jflltl' 'U 1::~tlfll1lJ 

lfUfl~.:j (2,000 -2,500 nlnLLflnv~~my"'J~lM) LLn::fll'iVvfltil"".:jflltl1'U1::~tlfll1lJlfUfl~1 (1,000 
, ,~ 

nlnuflnV1~VfftJ~lM) 1M'Hnn~~Vfll1n~lhlfUfl~1 U~fll'iVVfltil"".:jflltlUtltlfll1lJlfUmY.:j 
Of 

1M'Hn~~fl11 un:: ~11LLlJ'ULm::mu:: (Fahlman et al.,2002) 11t1.:jl'U11Hn'IJV.:jfll1vVfltil"".:jflltl 

uv 1 1fifllf"".:jfll1'Yl~nv.:j 'Vitl11 1M' Hn~''Ufll1n~n.:j'IJv.:j6mlfll11~'U'lJV.:j,r 1 1 ~'IJW::~fl 1'U~~ .:jtl1~ 

l'Viff'l1tY.:j til'11 i' tlHn'IJv.:jfll1vvfltil"".:jflltl~ii~ Vfll1LtJ~ tI'UutJn.:j'Yll.:j ff1 1 i'Yltll' 'U ~iJ lt11t11lfl1'U'lfi1~ 
~ 2 iiUfli~tl'l1nlt1't;''U'~l1ff~.:j1M'n1'U().:jHnfll11tJ~tI'UutJn.:j~~ ~.:jl,f'U~V'U lf1~11m::flW:: (Honkola 

et aI., 1997) 

~ 

filUlJ'Yl1t1V~fl 'Vitl11 'tll 1M'filUl'11Ufl~1 fll1lJ~'U In 1191 'II w:: '111 , ~ijtl~l U"::fll1lJ~'U hl191 'II w:: 

'111' ~flnltl~liifiln~".:jlrlvlntltlfltlnv'U fll1'Yl~nv.:j 
~ II 

til'11 i' tlHnfll1'Yl~nV.:jfli'.:jU 'Vitl11 fl~1Jt)Vfltil"".:jflltlUV hfi flU tltI,fl.:jlfU m,.""tllt11ii • 
J l'11U fl~ 1 fil~'lfU lJ 1" flltl un:: 69111fll1 1,;' 'U'IJ V.:j'l11 111'11 W::~ fl"~".:jlrl Vln tltlfl tin V'U fll1'Yl~ m).:j ~.:j 
"'V"fI~V.:j fltl.:jl'Ui~tI~'tllfll1ffmnH"'IJV.:jfll·WVfltil"" .:jflltl11 tltIUV 1 1fi fl~ ~h'U1J1 u"'~.:j' M'111 'U 11 

fll1VVfltil"".:jflltl11V hfi fl U tItI ,fl.:jlfU flff"" til til ri.:j H"~ ~ tI~ 111 tJ 1'Yll.:j ff1 1 i'Yl til u,,:: ,flt1' 'U fll'i 

'Vil11c)flJ'Yill'Yl~fl11flff (Parasympatetic vagas) ~1J11itl.:j'l11' 11 ~.:jl rlV.:jlJl111flfll1'tll.:jl'U 'IJfl.:j 1::tltI 

tJ1::ffl'Ylc)flJ'Yil1'Yl~ fl~n~ ".:j 'U flfl ~lflif tl11111'J'Ul'Yi1 1:: fll1 'tl Hl'U 'II fl.:j1V mfll 'U~ (SA node) ~.:jl1'J'U 
~ lti1lf 'U ~ 691 1 1 fll 1 l~ 'U 'II fl.:j '111' ~ iifll1lJ i 1~ till fI ~1 fl1J1ii 'U"~".:j ~.:j ri.:l H" 1 M' 6IPl'i 1fll1 1,;''U 'II tI.:l 

'I11111'IJw::~fl"~".:j «()'UVlJl.:jff flq~Wl'V~'b'{ 2544) tin1i'tlfl~lJVflfltil"".:jflltlUV hfiflUtltI,fl.:j 
II • 

'11 U fl ff"" til til H"'lJ Hffl 'U fltl fll'i 1 ~11 H~l 'U 'Yi tI ':11 ii fi 1 lh'l1 U flIPll un::fi 1 ~ 'b'U lJ 1" flltl"" n.:j l~ V 

In tlU flU nfl'U fll1 'Yl~" fl.:j 11 n::iifi1691 1 1fll 1 1~'U '111111 'IJw::~ fl" ~".:llrl m n tlU flU n V'U fll1 'Yl~" fl.:j 
I . J.I I 

1m:: fl ~ lJ fllU fllJlf "".:l fll1 'Yl ~"fl.:j H" fll11 tJ ~ tI'U 11 tJ".:l 'Yl1.:j ff11i'Yl til fffl.:j fi 1U 11 111:: 11'J 'U H" n 1J1111 fl • • 
fll1 Nfl Ufl hfifllltlUlfU flff""U1U1 11'J'U1'I191 H"'Yl1.:lfl" i fl~.:j ~, ~ fl~11,r H,;''U ril'U fl~lJNfl • • 
1~tJ1 ~11 1 .:j,;'1'U illiifll1 ltJ~tI'U11 tJ".:lmh.:jiiumhflt1J'lJfl.:j~ lU tJ 'j 'Yl1.:l "'1 1 i'Yltl1~.:j fl~11 tl11111'J'U~" 

• II 

111 fl.:l lJl111 flfll'i V Vfl til" .:lflltl 'ln1 ~U iifll'i 1 ~'Yi".:l.:l 1'U ill lJ1 fll'VilflU fll'i fl tlfl ti1".:j flltl1 'U "'tI.:l fl~ lJ 
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JI 

~·h1'Y1r.l1 hwmvn:: il1lnrm1111~::~'tfihJ1~flltJ 'lhlhH'mi~H~'U (Jakicic et aI., 2003) 

ND"t)~ fll1 t) t) fl fllil-Ulltl ~ t) if" inn 1 tlU::" t) ~ fl~ 1I~' A1tJ fll1 t) t) fl fl1 a ~ flltlUt) 11u fllltJ u 

';'H't1UflaatJltJ1 fl~1I;hA1tJfll1t)8flfl1a~fl1t11vltl'tiU1~911U UD::fl~1I~'A1Ufll188flfl1a~fl1t1ut) 
T ~ '''' '" ..., ,v v 
&ltJfl UUmrH't1UflaDUIUlNallNa1UflUfll1 'm1~g)lU 

l~'U~'YI'nUtl'U i~tJ..r1 'tJ11 1'UiJ'U ''U1HflltJ~lJ1fHn'U' tlvt)lJihi1'U fflJ~'U£tlUfll~ln~ 
1 Hlfl11lJ~'U i ~i111~~ fI11:: i ~fl11~t)~l~t)~,r1 h ll~::fl1~ln~ hfllU11111'U'tfii,,~ 2 (ACSM, 

2006) ~'nf'Uf)ntl~::lij'UfI11::ij'1'U~~ln~ ~1f)fll~~1jlJ1~' 'UiJ'U' 'U 11~flltJlJ1fHn'U' tl vt)1J'tl1 111' 
• JI JI 

'YI~lUfl~~m1::l*tJ~~t)fll~ln~ hfl 11~t)fll~~~~~'Ut)~m1:: hfl~~f)~11 Hi' , 'Ufll~1itJfli' ~U~U11 
mllJ~ '~i'Uf)nHfHm hijf)llUU'ih~11 Uf)~"'UlU1 f)~lJ~ '~i'uf)n Hf) 1~tJ1 ~llH~l'U ll~::f)~lJ~ 
'~i'Uf)nHfHlt) 1 ~ijmluu'lh~11U f)~"'UllJlH~lJH~1'U tlUfll~ 1 ~ll ~ ~~1'U 1j fll~~~~~'Ut)~fll1~l~i1'U 

~t)um1~t)~:: 1 ~f) ~~f)n~~~~tfl~'U9i1~1~fl~fll~~~~~'Ut)~ 1 'UiJ'U~m::~ltJ 1~tJ~1lJ'Ut)~1Nfl1tJ 
(Bray and Gray, 1988) 1l~::1jfll~~~~~'Ut)~tl1lJ1W 1 'UiJ'U ~t)~fl~'V~tlU~l'U 1itJ'Ut)~lt)m'U ~ 

(Earnest, 2008) ~~U 11fl1~ HfHlt) hijf)UUU111r f)~"'U lU1 (1 'U ~iJ1tJ~1jm1::l~tJ~~t)f)n l~'U ... 
o i "eI "i .,,"" 1 lU11111'U) ~::'YIl 11lJfl1~~~~~'Ut)~m1::'V1'U ll~:: 'U~1'U1'W'Ut)~ 9ff)t)~ll~::flW:: (Sigal et aI., 

2007) ~U11 fll~Hf) 1~tJi~llH~1'U1'U~ibmU11111'U'tfii~~ 21jH~'ihtJ~~tl1lJ1W1'UiJ'U ll~::~'tfU .. 
lJ 1~ flltJ 1jfllHl~ ~~'U 'V~tl11J1W 1 'UiJ 'U l~ t)l Vi tJu tlU n'V'U f)l'J'YI ~~ t)~ ll~:: V~~t)~fl~t)~ tlU~ 1'U 1 ~ tJ 

1 I ~ 1 ".d/ ...t 
'Ut)~lJ1tJ t)'J1'U1lm::flW:: (Maiorana et aI., 2001) 9f~ ~fff)'Y1l~t)~H~'Ut)~fll~H~lJH~l'Ufll~t)Vf) 

fh",~ f)1tJ1m 1 ~ Uf) tlUf)1 Hl t)f)fh"'~f)1tJ 1 ~tJ i ~m ~~1'U (H~lJ H~l'UllUU ll1l ~'U 1~~~) i 'U ~iJ1tJ 
or 

lU11111'U 'tfii~~ 2 ~ U11 1j fll'J~~~ ~'Ut)~tl11J1W 1 'UiJ'U i 'U 11~ flltJ ll~:: ~ 'VUlt)1 fin l~lJ~'U'Ut)~ 
JI JI 

tl11JlWf)~11Jl'Wt) fll~~~~~'Ut)~fll1~lri1'U~t)um1~'V~:: 1~f) 'Ut)f1'illf)U f)1'JHf) 1~tJ1~llH~1'Ulm:: 

fll'J Hf)Ut) 1 ~ Uf)llUU'lh~11 U f)~"'UlU1H~lJH~1'U tlU fin i ~ll 'J ~~1'U v~1jf)n l~lJ~'U 'Ut)~tl11JlW 
,,~ ,,~ ~ ~ ... J... ~.% ... i I 

f)~ llJ l'U t) ll~:: lJ 1~f) ~ llJ l'U t) 9f~l1J 'U 11 1'b'1~ fin 1 ~ lJ'U 'U 'U t)~ f) U lH1 Hm\U~ ~ H 1'U 'U 'J Hf)1tJ 
u 

~ "" d 1'" 0 Q,I ~ .III::l (Holten et aI., 2004) l1J'UH~i11tn1::V1'U~~~~ ~::l'I1'U ~11f)1'JVt)f)fll~~flltJ'YI~~lmtluUUlJ 
or 

H~~~ t) fll~~ Wl'U 1~ 1t)~Tltl 'J::f)t)U'YIl ~~ 1'U 11 ~ f)1tJ ~ ~l1J'U ~ ~ ~ti ~u Vf) fl~ f)1 ~~ ~~~'U t)~fl11:: fl'1'U 

~ ".oJ ! 'i" ...: i "I eI.% 
9f~fl11:: t)1'U'YI~~~~'U'U 1):: ~ ~ H~ 11 f)1~fl1Uflm::~u'U Wl1~ 'Umt)~~'U'U • 

d ,,~odd d 1 "0 i"" ~ i Cl Q,I ! J' ~ fl11lJll'U~llH'U'V'If)mlJl'U'V'YI~"'::lJ'lh:: tJ'b''U'Yl1 11~~~V1~ (9f~ 'U~1'U1~tJflH'Ul1J'U 
• t ' , 

" Q ?t Cl.c::t..:!t i \t)", Q,I 'di ... '" 
H~~mtJ'Yll1J'UllJl1111'U'b''U~'Y1 2) lfl~t)'U 1111~t)tJNm::llum::m~ ~~H~~ 'Uf)1~'Yl'J~1I111~::mlJ 
... or • 

If' " 

fl11lJiJ'Ufl~'J::11 11~f)1'J lfl ~ V'U i 111 f)1'J'U l~n 1) m 'J lJViYlWl'U 1fl11lJll ~ ~ll 'J ~'U V~ f)~llJlat)t)11)Yi1 i,r 
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" Lfi~ hfl flft'llJ LUVlhJ (Sacopenia) lh,,rijm1fll1'~'VHtH1U"w::ifl (Basal metabolic rate) 1'l~lN 

LL1'l::ijfl1H~lJ~U"V~L9f1'l~' "l1u (Adipose cell) (ACSM, 2006) , U fl~lJ~ 'Ai'tJfl1'iNfl 

1 '" , ........ , a ".l"""".l 
uv ~tJflLLtJtJ'lI'1~'I1Uflff1'ltJLtJ1 .... tJ11 fl11lJLL ,,~u H"V~fl1'lllJLU V"l91U"l~lU 'I1U1L11'l::fl1'lllJLU V 

,,~ ".cII~~4.ci cv. d d .J~J~I 4 
91U"l~lU 'I11'l~lJfl1L""lJ"U LlJ VL 'YItJ1.1 fltJflVUfl1~ 'YI~ 1'l V~ 9f~ fl11lJU ,,~U ~ ~'YI L .... lJ"U U U1 ~::Lfl~ ~lfl 
." . 

fll ~ Yi ~ U "1 ~ V ~ U tJ fl i'mj 1 '11 ir ml 1 ~ 1 fl fl1 ifl flL ~ U U 1'l:: fll ~ LVi lJ fl11lJ eMu LL 1.1 1.1 '11 ir fl ff" tJ L tJ 11.1 U ci fl1'l .. 
t'hu fl11lJ U ~ ~LL ~ ~ "V~ ~1~ fllmY1U tJu hi ij fll~ L u~ tJuu U 1'l~ mh~ ij ir tJlYltl tlJ'YI1~ ffil9i J ~ if til ~ L riu 

u 

L .... ~1::·h~flltJff1UtJU '1l'Ai'1.1U ~ ~~lU' U fll~L~lJfl11lJU ~~U ~ ~ ff1U' U flcilJ~ 'Ai'tJfll~llfl1 ~tJ' ~ • 
"... a ".l""" ~ .l" " .... ~ .l " m ~mUlJ fl11lJU" ~m ~"v ~fl1'lllJLU V91U "l~lU t1 U 1 fl"C11lJL U V91 U "l~lU t11'l ~ fl"C11lJL U Vt1 U 1Vfl 

U1'l::flft'llJ Lif Vt1"~ ijtl1L~ lJ~ULrlvLYitJtJntJ f1VU fll~ 'YI~1'l V~ Lm::L m tJ1.1L Yi tJ1.1 ntJflcilJfl1tJfllJt1" ~ • • 

'

"a. ~11'" "''',.... a ".l fll~'YI~1'lV~ Uff~~ t1L'I1U11 fll~Hfl ~tJ 'lI'UHmU l'!F·m Ufll1 .... WJU1fl11lJU"~UH"V~fl1'lllJLUV 

1~tJnlJ"V~~1~flltJ ~~fll~iitJflf~if'Am)flutJtJ 1 UmmlJfll1llfl1~tJ' ~m ~~ 1ULLtJtJfl11lJt1irflff ~ .. 
.... ~ d.... ., a" : .... d , " :: .J .,,, " 
flVHfl'YIfl11lJ'I1UflU~::lJ1W 80-85 LUij~L9fU91"V~U1t1Ufl'YItJfl ~~~ll~ 1 flH 9f~'YI1 t1ff1lJ1~f:Iffn:j 

" . " • " ....,.... ...,_ I " "'.... ,,,.... .... 
UHlflU91Vfl1'lllJLUV U~::~tJ~~ Lm::w·m um::~Ufll~L""lJV91~lfll~ 'lI' .... 1'l.:j.:j1U"W:: .... fl (Wescott 

and Beechle, 1998) ffv~flft'V.:jntJ.:j1UiitJ"ij.:jvhL'YIl1VffLm::flW:: (Fatouros et a1., 2005) ~'A 

'thfll1ffmnL~.:jLU~ tJtJlYitJtJ"ij.:jfll1Nfl1~tJ' ~U H~lU ~ijfl11lJ'I1ir flff.:j (80-85 LUV{L~U""V.:j .. 
tI t" I I 

lht1irflYitJfl'Aff.:jff~ 1 fli'.:j) ntJfll1Nfl1~tJ'~UH~luYiijfl11lJt1irmh (50-55 LUV{L~U""V.:j .. . 
II ,''' , 

U1t1irflYitJfl'A~.:jll~ 1 fli'.:j) 'U~~.:jm~L""ff'll'ltJ .... tJ';hfll1Nfl1~tJ'~UH~lUYiijfl11lJt1irfl~.:j 
, " dd..,j .,;. .1 a v.l 1 1 '" 

t1 ~1'l'YI~ fl11' 'UL ~ ij.:j fl1~ L .... lJ"U" V.:jfll1lJ U".:j Ll H "V.:j fl1'l1lJL U V ~ tJ'j llJ fll1lJ ~LlVULW ~tJ fl 

ffmHlfl1 .... 'YI1.:jA1U~1.:jflltJ Lm:: fll~fl.:j v~" V.:j fflJ n f:Ifl1 .... 'YI1.:j~1.:j fllmrlij '11 i Ai' tJfll~ Nfl U1'l::' U 

flcilJ llfluV 1 ~ U flLl tJ tJ'lfl.:j t1 ir fl ff"tJL tJ l~fflJ ~ff1U ntJ fl1~' ~u ~ .:j~lU ij fll1lJ U ~.:jU ~.:j" V~ flci lJ • • 
".l1 .1.J ,Vd. ~I 1'" . .... .... .... 

fl1'lllJL U V ~ tJ~ llJlJ1fl"U 9f.:jU ff~.:j t1 Lt1U l1fl1~ HflUV ~ tJmL tJtJ 'lI'1.:jt1 U flff1'ltJ LtJ 1~fflJ~ff1U fltJ 

. 
~ 1 fl fl1 ~ 1 ~ U L 11'l :: LVi lJ fll1lJ i'u tJ U ~ fl1'l 

A 1U fll1lJ V~ '11 VU" ij.:j ~ l.:jflltIL riu # .:j'lfltJ,j.:jtJ V flfll1lJ ff1lJl1 f:I" ij.:j 'lfl.:j fll ~ 1 fl ~ vu 1 t11" V.:j • 

t " " JI 

1fftJ.:j~ijfl1~Q fl"l~"ij.:j flft'llJ1i1V iA (ACSM, 2006) fll1iiv' U fli'.:jij .... tJ 11fll1lJVflt1 VU"ij.:j • . " , 
~ 1.:j fll V ~ 1 fll11 V~ Ll" U Ll91:: U1'll til ~ 1 .... tJ 11 i 11 ii fll 'j 1U~ VU Ll U 1'l.:j ij V1.:j iiir V ~1 tl tlJ'YI1.:j ffil ~hl.:j fffl ci lJ 

u • 

" fll~'YI~1'l V.:j 'j llJ 11.:jfll1lJU91 fl~l.:j fi lV' U flcilJLl1'l:: 'j:: t111.:j mllJ 911lJU fl9i~ff.:j mv~::iifll1lJV~ t1 VU 
" " 'U CU" q 

"ij.:j~1.:jfl1t1ij~'U1flwcn~~lij~uft'lmlJfl111~ijlJf:lvtlmlJiti (Raab et al., 1988) m~y'h'Mfll~ 
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liWJ'U1L~fl~tl1llJVfllf ~'UL~'U 1 111~mh~rll~1 LLt'l::~lnm~~um~L11~tJ'ULL11~H l~u fltJfll~l~'U r-lt'llJl 

~lntl1llJ Vfllf ~'U 'Ufl~lf~ ~ ff1'U rl HLLt'l::ff:: 1 'Yi nfl~1 'Ulnw cn~ 1 Lrlfl~ ~Ilmi 1'V1l~ ff09i ~::L ~'U I ~ 'h 

nrllJ'Ylflt'lfl~~~ 3 nrllJUnU l11~tJ'ULL11t'l~~~~'Ulrlfll'YitJ'UntJf)fl'U m~ 'Ylflt'lfl~ llt'l::lfln '~i''Um~ 1Jn • • 
~ fl , 11,~ fltJ'l tl1llJVfllf ~'U 'Ufl~'; l~mtJ\h 'iI::l~ 'U tl1llJl11~tJ'U U 11 t'l ~ mh~ul1' mhfllY I ~ 

II • 

~1'Utl1llJflfl'Yl'U 'Ufl~ ~ ::'U 'U 111 , ~L1t'l:: nUlf ltJ' ~L~'U~1;1fl~1'Uq'lJfflJ~ ~ ()'Udi ~hfllY 

Ldfl~ 'illn 1) filtl1llJflfl'Yl'U'Ufl~~::'U'U111' ~llt'l::m~lf ltJ' ~~~ lUtl1llJfflJli'U i'mh~L';'U ifln'UnU 

L.v;lJtl1llJl*tJ~ ';flm~ liYtJ;1"~1tJ 1 ~tl111 1 'iI Llt'l::lf t'lflfll~flfl fl~l~U 'U'Yi~'U 2) nu l.v;lJ'Ufl~filtl1llJ 

flfl 'Yl 'U 'U fl ~ ~::'U 'U 1111 'iI U t'l:: f1l ~ If 1 tJ' ~ Utl1llJfflJli 'U i',; fl nl ~ t'l fl tl1llJ 1 *tJ~'lJ fl ~ f1l ~ 1 iYtJ;1"~ 1tJ 

1 ~tl111' ~Ut'l::lf t'l flfll~ flflfl~HU 'U'Yi~'U 3) fil'lJ fl~tl1llJflfl'Yl'U 'Ufl~~ ::'U'U1111 ~Ut'l ::nu lfltJ' ~~ff ~ .. 
~fllJlf lJltJ(i ~ ~ nl:J W::iJ fftJ~UnU Ltl~ fl'U 1 If 1'Yll~f1ltJl ~ 'U 11~:: ~ 1 ~~U r-lt'l1 fl tJm ~ ';fl11 ~:: ltJ'lf111 'U 

~ 1 ", .. .d ..:. .K ~ll'Uq'lJf1l'Yi (Blair et aI. , 1995) 'UfjihtJl'Ullf1l'U'lf'Ufl'Yl 2 m~l'YilJ'lJ'U'Ufl~tl1llJflfl'Yl'U'lJfl~~::'U'U 
II 

,:h 11lLlt'l::m~lfltJl 'ilUtl1llJfflJ~'Ui'';flm~t'lflt'l~'lJfl~tl1llJ~fl';flilw~ii'U (Tremblay et aI., 1994) 

~. " ... : '" .~"d..K ~ ~':1" .... 9f~'Yllllfm~tl1'Uflm::fl'U'Ul"1t'l1 'Ult'lflfl'Yll lflfl'U'U 'illnr-lt'lm~l1nl:JltlH'U fl'YllmnflfflJ~~ ()f1l'Yi 

nu 1 ~fl flncifL 'iI 'U "l ~ qfl L~ flU~ 'U flntl1llJ flfl 'Yl'U 'U fl~ ~ ::'U'U 1111 'iI L1t'l:: nn If 1 tJ 1 'iI 'Yi'U 1ln ~lJlln 

ufll ~umL 'Umh~lfl1' nff~'UL'UlLIt'l::n~lJ1JmLfJ 1 ~unu'U'U'lh~lf'W nff~'UL'Ulr-lfflJ r-lffl'U n'Um~ 1 ~m ~ 
"dl~J4d cv' .ad QI 1 Q,I d 

"1'U lJtlll'YilJ'lJ 'U LlJ m 'YltJ'U n'U nfl'U nu 'Yl fl t'l fl~ Ut'l:: llJ fl L'Yl tJ'U n'Un'llJtl1'UfllJ If t'l ~ f1l ~ 'Ylfl t'l fl~ lJ 

ffflfltlafl~n'U~1'U1~tJ'lJfl~'iIfl'U'\.hLIt'l::mu:: (Jonna et aI., 2008) ~ffnl:J1L~tJ1n'UL~fl~nu1Jn 

ufll ~ un u 'U 'U 'lh~ mJ nff~ 'U L'U 11 'U ~ihtJn ~lJ f11f1l~ L1lJ'Yll'U fl ii n 1 fl tJ r-lt'l f1l ~ 'Yl fl t'l fl~'Yi 'U 11 n~ lJ ~ 
l~i''Um~llnufll ~umL'U'U 'lh~mJnff~'UL'Ull Mr-lt'lm~L11~tJ'ULl11t'l~~~~'U 1 'U f1l~ L.v;lJtl1llJ,LLfl 1 ~­
un f11llL~'UL'Yi~l::1lm~ flflf1fh~~mtJLLfl hunlfltJYi'1 I 11L~'U f1l~ flflf1fh~~f1ltJ~~fl~.yh';flLdfl~ 
~1tJmllJlf,r n'lJfl~~l'U~lnaLfltJ~n'U"t'lflflnU 1Jn u,; nUflflf1fh~~ mtJLlfl 1 ~iJ nu 'U'Ulf,r nff~'UL'Ul 

• • II 

ijlf~ nnu 1ll~'U nu flflf1fh~~f1ltJnij';1~m~ flflf1fh~ ~mtJntl1llJlfl1' nff ~ ("-11 I ~~~LL~ 15 1'\.Jln .. 
'iI'U(i~ 4 'Uln lfltJlh~tl1llJlf,rnlJlnn1l 90 % 'lJfl~ V02max) ff~'Un'U';1~f1l~t'lfltl1llJlf,rn (40-

• II 

50% V02max) lfltJff~'Un'U I 11l~fltJ'l lfltJ'lh~t'lfltl1llJlf,rnijfll1l1 ~11t'lll'Viln'U"fl'U';1~m~flfln 
• II 

nl~~mtJntl1llJlfl1' nff ~lf~fllJlnn1lij LL~1lr-lt'lm~ 1Jnl fl tJ~ 1lJ'lJ fl~ m~ 1JmlfJ huml 'U'Ulf,r nff~'U .. 
L'UlL~'U m~ 1 ~'Yi~~~1'U LL 'U'ULlfl 1 ~un L1~';1~'lJfl~m~ 1 u~tJ'U n~'U 1 11lJl'lJ fl~ tl1llJlf,r n"l ~L1t'l::tl1llJ 

If,rn~~1t'l~lJ1Yill ML~tJ1li'U()~m~ 1 ~'Yi~~~1'U 1 'U';1~Llfl'ULLfl 1 ~un ~~Ur-lt'l';1tJr-l~n~'U lMm~ 1 ~ 

~H) nciflll'U 1 'U llJ 1'Yl tl fl'\.Jlfl1 tJij 11~:: ff'Yl ~ fll'Yi mh~lJlnl 'U n n ~\PlJ'U ltl1llJ, 'lJ fl~ ~ ::'U'ULlfll ~ un 

(Earnest, 2008) ti''U1~LlO f1l~L.v;lJ'lJfl~Y;~~1'ULLflt'l.yh (PGClalpha) ~~L~'ULfJ'U19f,r~~1T1lYl'U 

11Bn1 tJlflflnciflflnvh-Jflff 1 m mi''U (Oxydative phosphorylation) If ~fl11Bn1 tJlm~lf ltJ 11l'\lfl~l9fCl" 
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(Wisloff et aI., 2007)1l~::fl1'HvilJ~lJ"6'rrl~~1lJllm'l'rh V'lii~~lh'lffl11lJi6916fllJ1illJ~~~'1 
~1tJ (Tremblay et aI., 1994) "ufl~lJlIfll~tJ'~m '19l'llJ '1iiifl1'Htl~tJlJlltl~'16tJ1'1iiirtJ~hrlqJ'n1'1 

fftl~"6'1fflJ~ ~ fl1 .... fl1~, ~66flC}fl \llJ ~ '1~~lrl61VitJU t1Un6lJ fl1~'n~~6'111~::~::1111'1mllJ 61\l1 ~lJ 
. " 

1 .... ~1:: fl1~ lIfll ~tJ' ~ll ~ '19l'llJ \l::iiff1lJ 1 lJ fl1~ L~ lJlJ1~lJ1~fl"" llJ1U 6lJ1flfl11flnil'lJlJ1~llJfl11lJ 

6~'nlJ"6'1~::U1Jl11 1 \lU~::fln111tJ' \l ff6~fl""6'1t1U'I1lJ"6'11S6,j~ (Hurlbut et aI., 2002) ~ffm:l1 

~~"6'1fl1~ lIfll ~tJ' ~U ~ '19l'llJ 1 lJ mllJfllJ ~ '1i'~66flti1~'1fl1 tJ1 ~lJl.h:: ~l~iifln ltl~tJlJU tl~'1"6'1 
fl11lJff1lJn()'n1'1116 h fim! 6tJlJ1fl ff1lJ 1 lJ fl~lJ lIfllL6 hfiflU Umh'l11 ir flff~U1U1~fflJ~ff1lJ t1U 

fl1 ~ 1 ~u H9l'llJ u~ 11ii'tf1'1fln lIfl"6'1 U6 h fifl~U 6tJfl11fl~ lJ lIfll16 h fi flU UU'tf1'111ir flff~U1U1 
" 1191~1itJ'~66fllluufln1itJij' lfiifl1~lIfll~tJ' ~m '19l'llJ n6lJflnllfl1l61 ~fiflllUU'tf1'111irflff~U .. 

~ , ~ 1 ".. i ".. "'" .... lU1 9f'l\l::')f1tJ1 .... lJffm~()fl1 .... fln ')f66fl9fl\llJ~'1~~ ~~ ff6~fl~6'1flU'I1lJ"6'1lJ1'nn .. (lJ1'n~"" 

~~ 'my, 2552) ~""U11flnllfll~tJ'~m'l9l'llJn6lJflnllfll16 hfifl 'lf~~ 'lJflnlvilJffm~()fl1""fl1~ 
, ~66flC}fl\llJ ff '1ff~ '~~fl11fl1~ lIfll~tJ1 ~llH9l'llJ 11~'1fl1~ 11 fll 16 hfifl .. . 

Nil" a 'I fl1"1 6 a fl ii 1 ~ 'I fl U.l~ a ft 1 UJ t1'11J 1"1 til U fl1' ft 1'lJ fl1J "1:: ~ 'lJ~ 1V11 il'U a'l mj1J~' ~~ 'lJ fl1"1 

a6flii1~'lfl1f.IUa hij fl11'lJmil'l't'lu mr~'lJl'lJ1 flQ1J~'~~'lJfl1"1atlflfh~'lfl1f.11~f.ll,ru"1 'lPl nl Uil::flQ1J~ 
, ~~ 'lJ fl1, a6 fl ii 1 ~ 'I fl1 f.I1ltll , ij fl U'lJ'lJ'; 1 'I 't'I U mr~'lJ 1'lJ 1 N il'1J N t1'1 u ft'lJ fl1 ,1 ,ru "1 'I ~ 1'1-! 

~::~mfwl1~ 'lJlil6~~'1 (Hyperglycemia) 'lJ~ihtJ hfll1J11111lJ')fil~~ 2 1~lJH~\llflfl11lJ 
Ufl .... 16'1 i lJ fl1 ~ Hil~fllJ1illJ \llfl,;mi6lJ 1l~::/1116fl11::i6916UlJ~illJ ~'1fl1 ~~lif61g6~~fln 

. " 
~6UfflJ 6'l9l6 UlJ1illJ fl1~Viii~::~Ulhm~ i lJlil6~~ '11~lJl1mlJ1lJn6 ilfLf)~fl11::11 'n~ fl~6lJ9l6 

11 ~ 6~lil6 ~ll~ 'I" lJ 1~1~ fl (Microvascular complication) ll~:: 11 ~ 6~ lil6~ 11~ 'I" lJ 1~ i 11 tY 
" . , ,.,' ..:!!I Q.I d ", Q.I i I ~ ... 1 CIt. 

(Macrovascular complication) ~llfl llH~I~6H'nlmm'l::l1 lJ111tJ 11~::fl11lJH~lIflmJ6n::uu 

'n1'11~lJ61111~ ~::uum'll~lJilffff11:: ~::uuiYuilJi' ll~::~::UUtl~::~nmj~ llJlJ~ ~lU6~ '~11tJ 
" ~1lJli''1 hm11ill11~::11~6~lil6~ (American Diabetes Association, 2007) 

" U Wl1~ i lJ lil6~"6'1fl~lJ lIfll16 hfiflllUU'tf1'111 ir flff~ U1U111~::fl~ lJ lIfll16 h fi flll 1JiJ'tf1'1 

11 irflff~Ul1J1HfflJ~ff1lJ t11J fln i ~11 ~ '19l'llJ iifi1~~~ 'I tlth'l iiir mhrlqJ lrl61 Vi tJlJ t1lJn6lJ fl1~'n~~ tl'l 
" . " 

II ff~'1 i,rl ~ lJ () 'I ~~ fl1~ tl6flti l~'1fl1tJli''1 fftl'l1 tl11UlJ i,r H~Vi~i lJ fl1~ ~ m::~ lJU 1~1~ i lJlil tl~" tl'l 

~iJ1tJl1J11111lJ')fil~~ 2 ff6~fl~6'1t11J'I1lJ1itl"6'11tl61lJff (Earnest, 2008) ~'Y'l1J11flnllfl .. 
" .. 

11tl1 ~fi fllllJlJ 11 ir flff~lJ l1J1ii H~9l tlfln fl11JfllJ~:: ~lJU 1~ 1 ~ i lJ ~iJ1tJViiim1:: 1 iYtJ'I9l6fln 1 ~lJ . .. . " 
11.1 11111lJ 'If il ~ Vi 2 (Pre-diabetes) II ~ :: .... 1.1 11 ii fl1 ~ ~ ~ ~ 'I " 6 'I ~ :: ~ 1.1 U 1 ~ 1 ~ i lJ 1 il6 ~ 11 ~ :: fi 1 

'fl~ 1fl~m'ni1lJ1fl~filJ '11lJ1itJ"6'1'9ffl6~lm::fl\U:: (Sigal et aI., 2007) .... 1J11fl1~tltlflti1~'1fl1tJ 
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1l~ hUfl~ijfll~~~nJ~ffllJtl1Jfn~Nfll~v'cM'm ~~llJij~" 'lJfllHl~'U~ ,uh 'fl" lf1~L"l1illJ lfl"ulJ 

LL~'h' lJ fll~l'l~"~~flf~if~:: '~Llt lJ~"fll~ Ll1~vlJ LL 11"~'U~n::~l.J\fl911'" lJ fl~lJ Nfll ~v' cM'u ~ ~~llJ • 
, II II 

LL~~llJ 1~vYhhlJlJ1 '~LLff~~' MLltlJ'hflu Nfl'jfu~ijijl1~:: lv'jfu' lJ fll~fl11.1fllJ~::~lJl.j 1911'" lJLt;~~ • 
~llJ1~mfl1C)flLL"::mU::(Cauza et al., 2005) ~1.111fll~~~flfh"~fllV l~v'cM'uH~llJL~V~ 8 a'l1~l1M 

II 

ij~" 'lJfll~,,~,,~'U~~~::rll.J\h911" llJLt;~~Lm::fll 'fl" lf1~ml1illJ lfl"UlJ Lm::~llJ1~V'U~~ ~"L';lJ 
I -:tI 1 1" " I ~ '" I 1 .. u,,::mu:: (Holten et al.,2004) ~1.111 fll~Hfl ~V 'jfl1H911lJ'jf1m~lJ911'UlJff~fl" flffl1~llJ~~~-.. 

.. ~ ~ "'. 1 '" .. L91m C)f~lIJlJ911lJlfl\l flffL'Ul~LC)f"" 
II ,II 

fllflul1 ~ ::LijlJ fl11lJ~ ~~ ~UlJ ~ftlJ 1 ~ V1~ 1 ~ij 1 ~ffL91~fl 1 ~ lJ fi 1 Yi,j ~ 1.1~ fltl~fl11lJ ij~~ ~ 

U'U~ft'U ~~m1::i~~~u'U~ft'Ufi~m1::~~11'1.1U'U~ft'U~~UlJ~ftlJ~Llim~~ij~1'U1'U"91"~ lhlM 
II II 

ijfl1~' cM'u 1911"'U~~ fl~llJLU~"~M 'H1~U'U~ft'U ~1.1tl1.1~l1'1.1U'U~ft'U '~U~ijfl11lJ~91Ufl~i 'U fllni 1 

UamVl'lJLC)f"~ l;"MLli~L~~'~ffllJ1H)Ulfl\llf1ff'U'cM"~ (Turner et al., 1993) ~lflfll~l191"~~ 
II 

~1.1l1 filf111lJ~~~~U'U~ft'U'u ~~fl~lJllflU~ hUflLL1.11.1'lh~'H trflff"'1.1 L1.1 1 flU Nfll91vi cM'u H~llJ 

LL":: flullflU~ 1 ~UflU1.11.1'lh~'Htr flff"1.1L1J1~fflJ ~ffl'Utl1.1fll~' cM'LL ~ ~~ l'U ijfi l"91"~lrlmYiV1.1tl1Jfl~'U 
II 

fll~l191"~~ LL ff91~' Milt 'U l1flU Nfl~~flfh"'~mvl1~ 3 ~ULL 1.1 1.1 'th , 11' fll~91 ~1.1ff'U ~~'n)~ ~11' 1.1 

U'U CUft'Ulrl~~1.1tl1.1 UlJCUft'U' Miju~:: iYl1nm~L~lJ~lJ ri ~~,,' 11' 1H fllVffllJU flU 1 J'1 m" , u, cM" 'U 

~ "d.1 ~ I ~ .dd.1 .;, "'" ""... I 
lC)f"" L9191'U'U C)f~1.1~1.1~flfl~m1::L1J1'H 11'U1191'U'U'U 'Um~ ff~91 fI" ~~ fl1.1~l'U 1,W'U ~~ ~~'U 'U llm::mU:: 

(Jonna et al., 2008) ~ffml1L~V1n1.1Lt~~flUNflLL~ hUflLL1.11.1'Htrflff"'1.1l1.1l''U~iJ1vfl~lJmflU 
LlJ1111.1 ~ ftfl ~"m 'j 1191" ~~~ 1.1 l1fl~ lJ ~, ~ 1'1.1 flU llfl U~ 1 'jU flLL 1.1 1.1 'H tr fl ff'" 1JL 1.1 1 i M~" m 'j 

• II II 

L U ~ V 'U L L U" ~ , 'U fll 'j VI 'U 'rl ~ 1 fll 'j 'U ~ ~ ~ iJ 1V fl ~ lJ ~ 1 fll 'j L lJ 1111.1 ~ ft fl elf 'U 191 'j lJ , ~~ fll1 Yi.:J , 'U ~ 1 'U .. ... 
" " " I 

fl11lJ ffllJ U fl , 'U flU fl11.1Tl m ::~1.1U 1911'" 'ULt; ~91 LL":: rh' fl" 1 fI ~I" 11 i llJ 1 fl" UlJ l1.:Jij LU~.:J ~1 fl 
, II 

fl~lJYillfll91v' i'u 'j .:J~1'U ijfilf111lJ~ ~~~u'UCUft'UU~Vfll1ri~'U flU 1191"~.:J ~1,11 ~'Um'j l::flU llfl 

191v'i'UH~1'Uij~"'lJ fll'j L~lJ~'U'U~.:J~l1'1.1U'UCUftlJ Lm:: 1 U'j~'U~L~lJ~lri .:Ja'tytylW 'U~.:Ju'UCUft'U 
'~LLri 1u'j~'ULmflYi (Akt protein) (Krisan et al., 2004) ~.:JL~'U~" l~v91H~'Vh'Mrhfll'jU'j::Lij'U 

II II 

fl11lJ~~~~U'U CUft 'U 191v1~ 1 ~in ~ ffL91 ~ fl" 91 M rl.:J tr 'U' lJ fl~ lJ NflU ~ 1 'j U flLL 1.11.1'lh~'H tr flff'" 1.11 1J1 
II , 

~fflJ ~ffl'U tl1.1 fll'j, cM'm .:J~1'U ijfi lf111lJ~ ~~ ~U'U CUft 'U" 91" ~ lJ1 fl fll1L]j m Yi V1.1 n 1.1 ri~'U flU 1191" ~~ 
; I' Q,I 4 .: I CIt. Cl 

Lm:: "91911 011 fl'l lJfI 11.1 TllJ'H".:J fll 'j 1191" ~ ~ C)f ~~" 'U ~.:Jfl1'j "91".:J 'U~.:J fl11lJ~ ~91 ~ ~lJ~" 'U 111 fl fl U ~ ~ fl 
"1' " 

Ill" ~ fllV'jfU 91 ij U.:J '~L~'U Yil1 'j l1.1LL tl i91 U~ fl1l1L U~.:JlJ1111fl~" 11 H fl" i fl'U~.:J flU llflYi ~ fln llfl 
II 

LLfl hu flU1.11.1'lh.:J'H tr fl ff"1.1 11.1 11m:: flU Nfl 191v' i'u H~ l'U 'j llJtl'U ~.:J 'til' 11' fll'j "91 ".:J'U fl.:Jfl11lJ~ fl 

~flfl'UCUft'U'til'~~ fffl91f1~fl.:Jn1.1.:Jl'U'Ufl.:JT1'rlLL"::flW:: (Cuff et aL , 2003) ~ffmnfll'j1lfl111.11.1 
I " 1 4:l..J l.c:i 0' " "1 I Cl CIt..:j,.l 

~fflJ~ffl'U 'j::'H11.:JLL H911'ULL"::U~ 'j1.1flC)f.:J~1.111 lJ~"l11 'H fl11lJ L 191 fl fl'U CU"'U91'U'U 
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~~ ,"'.., '" ~v v 
O1tlutl, 'nJfl U1.11.1'1fl~"',"fla'jnJl1.1"'Hl'lIN,n," fl1.1011 ''lfU1~Vll," 

. " " 
tJ1lJ1W' 'U2!'U 1 'UL~tl~ YiYhm'i1~ 1 'Ufn'i1~tJfli' ~ijfif) fl~f)LCI ffL;t f)'if)~ 'mfl~lli)ff) h~ 

'~,~'U;~h~ 1tJ1tJ'i~'U Ll~:: l~ll~'U;ih 1tJ1tJ'i~'U ihHrfl!l'Ui~l~'U':h m'iLiilJ~'U'Uf)~'mfl~ 
" . " 

Lli)ff)h~ fl~f)l~ffL;tf)'if)~ u~::l~lL~'U;~'~ 1tJ1tJ'i~'U -illJnlJm'i~~~~'Uf)~'~H~'U;~'~ 1tJ-

1tJ'i~'U ihil'Ufflfltyl 'Um'iL~lJfll1lJLatJ~'Uf)~m'iLiI'U hm1~f)~L~f)~llrl 1 ~ (1ty~ iimlu'U'Vi', 

" 2540) l'U mllJ1Jfluf) hiJflu lJlJ,h~"t1 U flff~lJL lJl ihhfl ~ f)l~ffL;t f)'i f)~ Ll~:: 1 ~ lL~'U;~'~ 1 tJ 

1 tJ'i~'U~~~~ LLri::iirh h-L~'U;i,~ 1 tJ1 tJ'i~'UL~lJ~'U fff)~flt\'f)~nlJ~1'U1~tJ'Uf)~'Yll~llijtJ'ULL~:: 
flW:: (Talanian et aI. , 2007) ~fffl1-:l1f.m'Uf)~fll'i1JflLlf) hiJflUlJlJ,h~"t1Uflff~'lJL'lJ1~f)tJ~n1tJ1m'i . .... 1" "" , 1" 44, , ~I 1 1 " L~l~mty'Vi~Hl'U 'UfJ"t1ty~ 'VilJl1 "t1~~'Yl~ 'Ufll'i~~M'Uf)~fl~f)l~ffl;ttl'if)~ fl~lJHfl ~tJ 'tfLLH 

~1'U ii~l '~l~'U;ih 1 tJ'i~'ULiilJ~'U LL~::~11~lL~'U;i,~ 1 tJ1 tJ'i~'U~~~~lrtf)lYitJ'lJn'lJflf)'Um'i 
.J ~I 1 1" " .... , " _I.d _I ' 'Yl~ ~f)~ Ii)f~fll'i Hfl ~tJ 'tfLL Hm'U lJfl "t1 ~~fln Lu ~ tJ'ULL u~~;t f) fll'i ~ ~~ ~'U f)~fl~ f)l~ ffL;t f) 'i f)~ 

LL~:: hlL~'U;i,~ 1tJ1tJ'i~'U LL~::fll'iLiilJ~'U'Uf)~'fJl~'U;i,~ 1tJ'i~'U ril'Ufll'iLtJ~tJ'ULLtJ~~'Uf)~ 
'mfl~lli)ff)h,J2!flLil'U'~',ji~I~'U (McArdle et aI. , 2000) fln1Jfl1~tJ1,*LLH~1'Ulh1'11'iilJl~ 

" ,J,;. .l ,;. .%.1 ?t 1 " .... i' .l '_1 " flmlJL'U {H'VilJlJlfl'U'U m'iL'VilJ'U'U 'ULf)~LU'U ~~ "t1 fll'i l~l~~lty'Vi ~Hl'U 'U 'il~ mtJ~ ~'U'U;tllJ u~ltJ 

.... , .d.,..l, " .... IIJ ... 1 "I .d.,..l 
fll 'i 1~1 ~~ lUJ 'Vi ~ ~ ~ l'U 'U f) n l~ fll tJ'Yl ~'U 'U 'U n:: ff ~ ~~;t f) fll 'i flllJ fllJ 'i:: ~ lJ L'U lJ 'U 'Ul~ tl~ 'Yl ~ 'U 'U 

u • 

J'Ulf)~ fff)~fl~f)~nlJ~1'U'Utl~lJ11LLf)'ULL~::flW:: (Mariane et aI., 2002) ~fffl1-:l1fll'i1Jfl1~tJi,*m~ 
" " .:t QI tI ,.Ad, t , CtoJ~ .cl.l c.J, ;tl'Ui'U~ff~tl1t1 L'Vitl~ 10 fftJ~1"t1'VilJl1lJfl1 ~1~'UIi)f;t L~ 1tJ1tJ'i;t'Uff~'U'U LL~:: 1~11~'U1i)f;t ~ 1tJ-

IV " • 'U 

1 tJ'i~'U~l~~ LL~:: 1'UmllJ~flllf) hiJflLLlJlJ,h~"t1Uflff~lJLtJ1~fflJ~ff1'UnlJm'i i,*l1H~l'U ~11~1 

l~'U;i,~ 1tJ1 tJ'i~'U LL~:: ';t'ifl~LIi)ff) h,J~~~~ LL~::~l 'm~'U;i,~ 1111 tJ'i~'Uii~lliilJ~'ULrttlLYim.J 
nlJnf)'Um'i'Yl~~f)~ ,j~LLlJ~nlJ~l'U'Uf)~lJltlf)f)'il,jlLLCI::flW:: (Miorana et at. , 2001) ~ffflEJ1fl1'i1Jfl 

LL H~ 1'U ~fflJ ~ffl'U nlJ1Lfl hiJ fl i 'U ~"htIL lJl"t111'U'tfij~~ 2 ~ ~'Vi 'IJ -h',j iifln L tJ~tI'U LL tJ~~'U f)~ 
tJ1lJ 1 W , 'U 2! 'U i 'U L ~ f) ~ f) 1 'ill iI 'U 1 'Vi 'i 1:: fll 'i 1J fl LL f) 1'i iJ fl i 'U ~ 1 'U 'U tl ~ lJ 1 tI tl tl 'i l,j 11 iI 'U fll 'i 1J fl 

Utl1 'iiJfl1nJ'IJ~{H,i tl~ ~~~1~~lfl~1'U'Uf)~~1~tI~LiI'Uu1J1mu flff~'lJL'lJl~~')~ fl~ 11tl1 'il 'il::111 i'l1'fll'i 

lt1~tI'ULLtJ~~'Uf)~t11lJ1W' 'U2!'U i 'Ul~f)~iifl11lJLL;tfl~1~n'U 
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Na'U8~nl'88nnlil~nu.lPi8'tnrlnm,nl~lU'U8~ICVaQ~NU~'Ha8~IS8~'U8~n~lJ~'~1tJ 

m'88nnlil~mtllI81,unutJmh~'HumriltJltJl n~lJ~'A1tJm'88nnlil~mul~u,,rU'~A1U ua:: 

n~lJth~1tJm'88nnlil~muu81,un UtJtJ~'H'Hunll'iltJltJlNlI'lJNinUntJnl",rU'~A1U 
"':, .... .J.1 0'''''' Q .. '" .... 'I::~1J'Ulm" 'Um::Ll"'mV~VI~~'II'U m 11Ifl~fn'I1Jl~L~tJ'IIV~'9f""1JH'U~""'V~mv~ fn'I 

1Jl~1~1J'IIVWl1"~~~flril1nv,,rln~fn'Itlfll"'1J'IIV,mm)~1~V~9'I1lJ1J1 (Croce et at, 2006) ij 

" , 
'I1V~1'U'1l fl11::U lfll'" lH~V~ ~ ~ijfl11lJff1n1'U i'l~Vfl'I ~tl1Jfll'I~tylffVl1 U1Vl'llV~1C)m~1JHU~ 

.... 1 " ,""" " , ''''' "" . .1 "" '::'1"" .. l1"V~L"V~ (Beckman et at, 2007) ~vm::~lJ l1lJfn'I"''Il~'''l'I lJfl'llJmVflVlnVVflc)H~lJ"'lJ'tW 

lm::LLV~11lJ9f1fl" 1fl '9fmVlLVlJ l~'I~flttf' ff~H" ,,rL9f"~LVlJ 1flVlL~fJlJ hj"'llJl'IO",rl~' lJfl~flVVfl 

'9f~ 1~t:li'fl'l:n"'lJi'l"'IIt:I~l1"t:I~L~t:I~ (Guttennan, 2002) yh' ,rL#fJ~,)t:lfn'I Ln~fI11::11"t:I~L~t:I~ 
" u~~ 1 H1l11' 'ilU"::l1"VflL~t:I~ hfll1"t:I~l~t:I~"'lJt:I~ hfl'fl hfll1"t:I~L~V~ff1lJtJ"lfJ 'I1m1~ij 

H"')Vfn'I111fJ'IIV~1Jl~LLH" 'lJ~thfJ 1 'Ifll1J11111lJVfl;{1fJ (Kunz et at, 2006) 

fn'I Vt:lflfl1" ~ fllfJtJfl~1J 'll,,rtJ 'I:: 1fJ'lflf ~~, 'U fn'i~lJ ~11 U 1~ flU ViHllJ 'II t:I~lC)m~1J HU \I 
" " , 

11 " t:I ~ I ~ V ~ ~ 1 fl fll 'i i ~ fJ fl i' \I U ~ 1J 11 , lJ fl q lJ Vlll fl U t:l1 'i U fl LL 1J 1J 'li 1 ~ 11 ,r fl "''' U I U 1 ij Ti 1 

1J1"fllJ 1~tl,,~ ,~~ "~"~mh\liju mhTity ,rtt:lIVlfJ1JtlUnt:llJ flU llfl 1J1" fl'U 1~tl"~ ,~~ ItllJ H~~H" 

'ill flfn 'i t:lV fl9f1 ~ ttf'1 ~ fJt:I '4lJ" U "''i:: 'II fl \I tJ B n~ fJl ~Yi ~ I tJ fl {fl t:I fl9fl~ ilJ ~ \I "'11J1 'i m n~ ~ 'U 1;{ ~ lfJ tlU 
1'" " 
l~fl,rlJlC)m~VltJ'i::flflU;{1fJ~Yi~ 2 i'U (It:1f111'1f'i::fltJ~, 2549) 1J1"fllJ1~tl,,~1~~~\lltlm'1;1~ • • 

fn'iVil"lfJ'IIt:I\lfl'4lJ"U"''i:: ~ \I fluVil" lfJ'IIfl~fl'4lJ" U"''i::1 t1lJ H'" ,rln~ fn'i Vi lmfJ'IIfl\lI9f"rl'1J HU \I 

11 "fl~ I~fl~ fn'i"~" \I'IIfl~lJl" fllJ 1~ fl"~ '~~11\1Uflfl~ \lfn'i~ij flU Vi 1m fJ'II fl\lfl'4lJ"U"''i::~''~'' \I 
J 'U;j t:lijfluVil"lfJ'IIt:I\lI9f"rl'1J H,r ~l1"t:I~l~ t:I~,,~,,~ Vi 1''11' l1U l~fll'i Vil\11'U 'IIfl~I9f"rl'1JHU \ll1"t:I~ 

.!t d.~ .1,'.d.9 1'::::::" QI cv Q,I .:::t • "1 1 ... mt:l~~'II'U 'Uflfl'illfl'U 'Ufl"lJVI~flUt:I 'iUflIlU1Jl1'Ufl"'''U1UlfJ\llJfl1fl"m VI t:I'WI~t:I'it:lfl9fI~"'nlJ . ~ 

IYilJ ~ 'Ulrt VI;; fJU tl un t:I 'U llfl Til fl" ~ 11 Vl1 t:I 'U I~ tnfl fl9fl~ "''I1lJij ff1'U fflTi ru' 'U fll'i I tJ~ fJ'U 
~ u 

1 1 . I" ,....i ~ I "" "" •• 1 ..,. '::'1"" .. ..,. ..,. • I .. 
~ ~ 'i l'il 'U IlJ V 'i V fl fl 9f~ 9f \II U 'U "'n fl 'llJ 'i LL t:I fl VI n fl fl fl9f1 'il 'U "'U 'lffJ II ,,:: "'n ~ 1 fl" 'Vl ~ lu fl 'i 

" 
flt:lfl '9f~,,rfl"lmtl'Uu 111"::"'U~1fl~~~lIt:1"flfl~t:lrl' 111fl'll1~fl~~1 1 Vl1v'Ul~t:I'it:lfl9fI~'" fl1'ilVi1 

, '111 tJ ~fJ'U 1 ~ 1 ~ 'WI ~ 'U I tJfl{ t:lfl fl 1 9f~ "":: "'n~ 1fl~Yi~ I tJ fl {fl t:I fll9f~Vi1 fl'U fl 'i 1fJII nl9f"rl' 1 ~ fJ 

ItJ~fJ'UltI'U "'1'i 1~~ 'i Vfl~ Im::~~~1 tJ t:I{ VVfl~ Vi1' 'I119f"rl'1JH,r \111 "fl~l~fl~tJflVi1"lfJ fn'i IYilJ~'U 
'IIV~ fl"~ 1 1 Vl1 t:I 'U I~ t:I 'i t:I fl9fl~ '" 11 \I U t:I fl ~\lfll'i n 1 ~ ~ "'1 mri lJ~ II fl fl;;~ t:I t:lfl9f1 'il 'U ",i];6 II ,,:: "'U 

~ . 
..,...,. .1" 1~'" .1 0'''' .. '" .... "" ,...J ~1fl"~~Lut:l'it:lt:lfl 9f~ l~1J1fl'll'U (Wassmann et ai., 2004) Vl1 m9f""1JH'U\l11"fl~mt:l~lJl1'U1'V1 

fluVi1\11'U~~~'UJ'UIt:I\I fll'illflllfl hUflIlUUl1 U fl"'''UIU1~~' '11 H"~~''Ufll'i~'U~l1U1~fll'i 
~ 

o d' Q,I .II!f, "Q,I I d 
m\ll'U'IIt:I\lI9f""'4H'U\ll1"fl~I"fl~ "'fl~fl"fl\lflU~1'U'IIfl\l'ilfl'U'U11"'::mu:: (lonna et ai., 2007) 'VI 

" 
ffmnfn'illflllfl hUflLLUUl1 Ufl "'''UI1J1 ''UH'ihfJflrilJfl1fn'illJ'VI11Jfl~fl ~u'h' '11 H"~' 'UflUYl'U~ 

~ . ~ 
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11U'1~fllnhnlJ'\JV~L9f't1~llfnr~'H'V~LfiV~LL't1::~fd1n~lJ-rmnuv hiin 1~tJ..tl1u ~lnfllHl'jl~ 
~lm~UnHUfl't111~19f11~11't1V~LfiV~ ff1Ll1~L~V~nl'j~\JlIlJl'\JV~11U'1~nl'j.yh~llJ'\JV~L9f't1~llHU~ 

,JI I • 

.a 4 ~.Q~ ~ " " CLlQI ""~O. 11 't1 V ~ m V~ v 1 ~ L lJ V~ lJ 1 ~ 1n fll 'j HnB U UlJ L 1JlJ n 1 'j Hn tll1lJ L'\J lJ'\J lJ ~ ~ ff't11J n U tll1lJ L'\J lJ '\JlJ 1'1111n 11 

~nh 1 ,rLn~tll1lJLtl~ tJ~L~VlJ (Shear stress)~~ij~vHU~11't1V~lfiv~~u1ln~1~tilJ 1 lJU~'t1::,fl'111't11 
'1".... , 1 1.,4, -:tI 1'" l1't1::ff ~H't1 11 Lfi~tll1lJU1ln1lH lJ fll'j1l flUfflJ V~1'11~ lJL't1fl't19f~U1l n1l1~ ~lnfll'j Hnuv 'junuuu 

.:, 1_ I ... ... 0 1"'" ..:. .1 1" 1'" .,; 1'" 1 ...... 1'11 u H't1'\JV~tll1lJlmtJ~1UVlJl'1l l1Lfi~fll'jll'llJ'\JlJ'\JV~1VlJ 9flJLVlJ ~1'1L't1tJlJ lJmnVVn 9f~9flJ-

.,4 0 1 "... "1.... 1" .1 ... 4 ... l'Ylff 9f'l1'11 l1lJfll'jff'i1~ lJmnVVn 9f~ lJ1n'\JlJ (Moyna and Thompson, 2003) l1't1v~mV~~'1lJ 

Q.I ~4.l ~ , d.clJ'" .ei 0 "Q.I.t:!I 

f1l'j'\J tJltJ1Il1'1~'\JlJ 9f '1U~UVnuvnflll::1'1~'\JlJ '\JV'Il1lJ l1'1f1l'j 1'1 1'1 llJ '\J V~L9f't1't1ll HlJ ~11 't1V~L't1 V~ 

, ~ 1 i"" 1 "''''1 .. "1 1 ...... , ..,j n'QlJHn ~tJ '1HLH1I1lJ lJ1't1VlJ ~V't1~ S~ u't1::n\1111 1'1 VlJll'lV'jvn9fL~fflJtll't1~'t1'1llJV 

IntJUtlUtlunVlJlln 1~m~l'l1::tl1lJ1't1VlJ 1~fl't1~ 1S~ijtl1't1~'t1~mh~ijumhrrw~'j::~U 0.01 ~'1 
u 

~ .ddJ' " .J 0 ~ Q.I 4 "Q,I ~Q,I 
II ff~ 'I () ~ H't11'1 ~ '\J lJ '\J V '1l1lJ 11'1 fll'j 1'1 1'1 llJ '\J V '1L9f't1 't11l HlJ ~ 11 't1 V~L 't1 V~ ffV ~ tl 't1 v'! nu '11'U 1 ~ tJ'\J V 'I 

lvla'Ull't1::fltU:: (Olson et aI., 2006) ~ffn'l:llH't1'\JV'Innlln l~tJieMllH~l'U~ij~Vl1't1fl~Lfiv~ l'U 

.. 
"d Q" 1 4 ... , 
1I1'UlJm~V1iUltJ~ltJnn't1~'t1'1'1.1V'I lJL't1fl't1tJ~1I~ (Adhesion molecule) L'II''U VCAM-l (Cohen et 

.,4, i"""; 0 ........... .1 
aI. , 2007) 9f'lff'lH't1 1111'U11'1f1l'jl'1l'l1'U'I.IV'I19f't1't1llHlJ'I11't1V~mv~~'\JlJ 

fll'jl1nuv h iinllUUl1Unff"U1U1HfflJ Hff1lJ tlUnn i eM1I H~l'U i,r H't1~i 'Ufll'j't1~'t1'1'1.1tl'l 

ltllJ 1't1~1IU'U~ll'rltll11V{i 'U1fitl~lrlm ntJUtluntl'U l1n mjlJl1n l~tJ i eMu H~l'U 11 "'Il1n 1I't1::mjlJ 

tllU tllJ 11" 'Il1n Lrl tl 11 't1 tl~ lfi v~lrlmn~ fll 'j\1 n'l.ll ~u 't1:: 1 fftJ111tJ 1 ilJ fll 'j 111't1ltJ'I.I tl 'I ffnn rllJ • • 
~ utltln'Y'l tltln~1 ~lJ ff'iJ;fU ~::111 i ,rln~f1l'j 1 il~'I.Itl'li'U i~I9f't1~ll HU '111't1 tl~lfi tl~ ~ tlQi~'9f't1rl',ttlll 

QI a.or::::. ~ " tI Q,I .a "".or::::." d a H'U'I11't1tl~1't1tl~U'jl1W 'll'lJ i1lL9f't1't1llH'U '111't1tl~mtl~ ~::m::~'U i 11ln~ nn L'I.I11Jllfll::'I.Itl'llf1't1~1't1tl~ 

l~m~~'jtltJtl'1.1V'I11't1 tl~lfi tl~ (platelet adhesion) fll'j L ,j'lLfll::'1.1 tl~l1 't1 tl~lfitl~ tlui'U i~L9f't1 rl'llHU'I 

11't1tl~lfitl~ mfftJ vWF L;j'UvilL~tllJ (Lip et aI. , 1997) ltl'U1't1~IlU'U~U'Y'ltlL\PItl{~'1I11]jm.J1;j'U 
cv ,J'Q.I Q,I .J d " .d 0 tI Q.I 4 
1Il'11'1~\PI111 'U 'I 'VI ff1lJ 1'j ()Utlfl11lJ 1 'VI fll'jl'1l'll'U'I.Itl'll9fm'llHlJ '111 't1V~l't1 tl~ (Badimon et aI., 1992) 

f1l'j't1~'t1'1'1.1tl'ltl1 ltllJ 1't1~1IU'U~Il'Y'ltll\PI tl{i 'U fl~lJl1flUV 1 'jiiflU UU,fl'1l1 U flff"ULUlHfflJHff1'U tlU 

i " "4Cf.cl ," .d 0 tI Q.I <4 d' dJ 'I 
fll'j 'll'U'j 'I \PI1'U ~ 'IlJtl 11lJl1 lJ1tJl111 'U 11'1 fll 'j 1'1 1'1 1'U '1.1 tl'll9f't1't1ll HlJ '111 't1 tl~m tl~ lJ tll~ 'I.IlJ fll1 fl tl 'U fll ':i . .. 
1'1~'t1tl'l U't1::~fl -:hflrllJtllutllJL1't1::milJmlfll ~tJ ieMU H~l'U 'U Vfl~ 1 flii tl 1'1.1 fl'l fl't1~l 11'11 tl'ULl'ltl'j flfl 

" " 'I " 

~I~ff ll't1::fl't1~l 1 1'11 fl'ULl'ltl'jVfl~l~ff'j llJ't1~'t1'1LrlfllntJUtlUnfl'U l1fl u't1::tll'elm 1fll':i 111 't1'1.1tl'lLfitl\PI ., 
.. . .,4 .. 

i''U ~ 1 'VI 11 ii tJ ff ff 'I ff ~ ~ tl '1.1 W:: ~ fl ij tl1 't1 ~ 't1 '11]j fl L n tJ U tl U fl rllJ tllU tllJ 11"'111 fl 9f'l ti '1;f 1 u i'U 'VI 1 'I 
" " " q .. . 

L~tJltl'U -h i ,rH't1~i 'U fll'jYl'U ~11U'lnfll':i 111'11'U'I.IV'IL9f't1rl'llHU'I11't1tl~lfifl~ fftl~tl~tl'l tlU'I1'Ul~ tJ 
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. ". 
\I(J~lJ1tJtH)'i1\.h11~::fltU:: (Maiorana et aI., 2001) llYm11fll'i~nUuufH"lJfHn14ih(J~'11'f-I~1l~~(J 

" . . 
nn~14~lf U 111 mniH 114 \l6~1'lf~ t1'4 f-lil'~lf ~ 6~1~6~' 14 ~ihtJ1U llf 1114 ')fij~ll 2 nn~n 

11(J l'iunuuU'lh~lfil'mHrULU1f-1fflJf-Iff114flUfll'i'~11'i~~l14'11'f-I~~~'14fll'i~14~lfU1~fllni1~l14 .. 
.. 401 .4.rict ""':':'11 .4~.l .:1.4 

\I(J~L'lf~ ~'4f-114 ~lf ~ (J~m 6~UlJ(JL 'YItJU nu n614 HnlJ1~lm If ~ f-I~ L 'i (J~ fll'i 1 YilJ\I 14 \I (J ~ fl11lJl fl 'i tJ~m (J 14 

U~d1lf 1U Llf ~ f-I~L~ 6~fl11lJLl~n~1~ 'i::lf 11~n~lJV~ ',jl~14 ~'YI'i1UU U i~ L d (J~ ~lm ~ 14 fll 'i lIn~L ~14 
f11'i f-IfflJ f-Iff114 ~~ Lfi~nu m::~14~(Jf-lil'~lf ~6~L~(J~~Ll~n~ 1~ fl14' 14U~ ~::,h~L 1~11 ~tJI~ Yi1::f11'i 

~ 1".t ~ ~ '" '" .t I , " " .,;... I ~.I HnU6 'iUn'lf~LlJ14 m'i Hn11UUlf 14 f)ff~UIU1 'lf~14 HI:: If f-I~f)Uf)'i ::~14'YI~ n11f11'i Hf)llJU UlJ 

do 0 .:t, "".. I , 1.t I 
f-IfflJ f-Iff114'YI LfltJ'YI1lJ1 ~~14 1 ~::ff ~ f-I~ If If)~fl11lJ11~f)~H 14 f11'i ~ (JU ff14 (J ~'YI1~ lJm n~'lf ~ 14 1~:: • 
~ n 11 f) ~ lJ ~~ n 11 (J 1 'i U n 11 U U If il' f) ff '" UlU 1 U ~ :: f) ~ lJ ~11 n hw' ~ 11 H ~ 114 1lf 9J f-I ~ ~ 6lJ 1 (J 1 ~ 
Ld(J~lJ1~lnf11'i~~M\I(J~fl11lJi6~66Wt!ii14 ~~'14n~lJifijf11'i~~~~~~f)i1f)~lJfl1UTJlJlf"'~f11'i 

" . 
'YI~ ~ (J~L~ tJ~ n ~ lJ L ~ tJ 1 ij f) 1 'i ffnl:l1Yi U 11fl11lJ$i (J~ (J 614 1ii14 ij f-I~L iYtJ~ 6lf U 1Yi n 1 'i Yi N 1 14 'U (J ~L 'lf~ t1 

'4f-1il'~lf~(J~L~(J~ (Zeng et aI., 1996) 

'YI1~ff'h1'Y1tJ1 fl14i~ufi f11'i~~~~'U(J~~')fUlJ1~f11tJ 11~::flm1f11'iL~14'U(J~111l1l'Uw::~n Yi1'M'Lfi~ 

f11'i~\PlJ141~l14 ff'UfflJ'i H)14:: fl14 i~11fi f11'i~~~~'U(J~lJ1~ i 'Ul114 LtJ(J{Lei14"i 'Ul114 11~:: um1~h14 • 
I 1 ..:..r d I " .,,, '" 'i(Jum1~(Jff:: Yin f11'iLYilJ'U14'Ufl~fl11lJU'U~uH'Ufln1~f11tJff114~1~ 11~::'YI1 lffflJ'iHI.f11Yif11'i ')f 

.Q 41:1' J ...,: 1 4 a~ .d CI.I: , '" • 
(J tln9H ~14 lJmlJ1n'U 14 f11'ifl1Ufl 1J'i::~ U14 1~1~ 14L~tl~~'U14 ~lnf11'i'YI'i ::~U14 1~1~ 14 m tlf)l1~::m • 
fl11lJi(J~(JV141ii14 ~~~~ tJ11J1W i 'Ul114 1 14L~(Jf)ijnuLtJ~tJ14UtJ~~ 1 14'YI1~~~~14 u~::ijnu~14~ 
lfU1~f11'iYiN114'U(J~L'lf~"'4f-1il'~lf~fl~L~fl~ 1~tJnu~~M'Utl~lJ1~(J14i~u~~ig" l1~::f11'iLvilJ~14 
'Utl~f)~l'i'l i'YIltl14LYifl'itlf)~Lf)ff'i1lJ 

f)u~n l~tJ' ~m ~l'i'l14 ilii~ri ~f-I~~~tlf11'i~\PlJ141~1UtJ'i'YI1~ff'h1'Y1tJ1 u~, 11' H~~' 14~114 

r{'U fflJ 'i H) 14:: i~l1 fi m 'i ~~ ~~'Utl ~ lJ1~ i 'U11 14 U~:: I tJ fl {Lei 14 "i 'U11 14 l1 ~:: f)U Lvi lJ~14 'U tl ~ lJ 1~ 
" .: d ",:. f "I let I 

n~ llJ L 14 tl U ~:: fl11lJ l1 'U ~ U 'i ~ 'U fl ~ n ~llJ L 14 tl ff114 U 14 l1 ~:: ff114 ~ H 'U tl ~ 'i 1 ~ f11 tJ U~ lJ Htl ~ tl nu 

.d 1 ".. . '" "':. i""'.r LtJtltJ14UtJ~~'Utl~ fflJ'i HI mYif11'i ')ftl6n'lfL ~14 "l ~ r{~ 'YI1 If f11'ifl1UTJlJ'i::f) U14 1~ ltl'Yl1 f) ~'U14 ~ln 

f11'i~f)tl~'Ufln::~uJ1mtl' 14L~6~ tJ1lJ1W i'Ul114i14Li1tl~ijf11'iLtJ~tJ14UtJtl~~~~14 u~::iJ~ri~H~~ 
~tllfU 1~nuYiN114 'U tl~ L'lf~ "'4Hil' ~lf ~flf)Li1 tlf) If) tJf11'i ~f) tl~'U6~lJ1~ tl14 i f)U~~ i g" U~ilf11'i lIn 

" I "I " 

')fij~u~::mii14'lf1~fl11lJlfil'nYiff~ ~6 80-85 % 'U6~\hlfil'nYitJni~ff~fff) 1 fl1~ l1~ilii~ri~Htl 
~ ~ ~ ~ 
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IItJlJ\h::lihlfl1111ft;'tlllntllU)tlflfha~fl1t1 (physical Activity Readiness Questionnaire; P AR-Q) 
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fll'Hl tl n filn ~ fllVtl fh~ n~ 1ltnJ tlI rJ'U Fl" fi~ tl tl ~ fllVl 11":: ii fl11lJ n'4 n n'U 1'U th:: 'lf1'lf'U ~ 1'U 1'U lJ 1na~ lJ 
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OQl .J Q,f.l 

011 tl tl n01" ~ O1Vl'111'U n ~'U 

({l'yh'UiiILFl'Ufll1~~::tltlflfiln~fllV11lrnUl'Un"1~lJ1nni1~lrJ'Utld''Uu~~u'U n~W11ltlUfhfllmf~ 7 
~ 

;;tl;;l~ ri1.:jU ({l't;,'Uiitll~l::11 il.:j 15-69'iJ fll111 tlUtllflllJ 1 'U1I UUU1::lii'U~:: 'Ihvmlnin; l'U nlJ fl111;; 1i'unl1 

m1~~H01V~lnaIVll'1Vntl'U~Yi1'U ~::I~lJ~'U tltl ntiln~fllVl1ltl 'li 

lU1f1~1'Utld1.:jCl::ltlVflILCI::1ItlUtl1mlJL11rilif1l1lJfl11lJlrJ'U~1.:ji1 ii / lflV l1ltl 'liii / 'lilflV ''U'li1.:j 6 . .. .co , 
lfl tl'Ul'1Hl'UlJ1 

OlflV O'lilflV 

On O'lin 

01flV O'lilflV 

Oii o 'liii 
Oii O'liii 

Oii o 'liii 
Oii o 'liii 

.. 
l'1lJ1 : ACSM, 2000. 

1. lL'Ymv~m1~i'm:llYi1'U lflVUtln'tf~tl 'liil Yi1'Uiif111lJfjflt1n~~tl.:j 

111' ~ILCI :: f111 tl tl ntiln.:j01V fllV '~ri 111 'U :: lh~tl.:jl1 Vll'1V1Yi llY'U 

'.Q ,,~d _I .dI I.o::t. " .d • 
2. m'UlJf111lJl"na\lUu1f1'tf1tlLL'U'UU111Wl1'Ultln ~ru :: l'1m'U 

tltlnnln~nlVl1ltl'li? 

3. l'U 1 tlUl~ tl'U~~l'U lJl Yi1'UlflViitl101'H ~ULLll'U11lj' ltl n 

l'U ~ru::~tldllW'l lflv'liMtltlnrhn.:jfllVl1ltl 'li?? 

4. Yi1'Uiitllfll1~tyLffVfll1m .:j~1 (1i'Ul1~tll~'Ul<t1) ,jtl~lJl\lln tllfll1 

~hliv'Uih"I::l1~tl 'li? l1~tlYil'UlflV1~'UCllJl1lJfln~l1~tl 'li? 

'4~.d 4 " I d q '1' 
5. m'UlJutyl1l'Y1m::~nl11tl~tl1ltl <tI.:j~ ::lJtllnl'mVM tlltltln 

nln.:jfllVl1~tl 'li? 

6. 1lVmV~1In\li'mnYil'U iifll1~.:jVli'mn hflf111lJ~'U 

lm1~n.:j l1;tlfl11lJfjflun~~tl.:j111 1 ~ lH'Yi1'U11~tl 'li? .. 
7. IYil~Yil'UmlU V.:jiiL11~HCI~'U'l tln ~l';,1,rYi1'U'liffllJ1Hltltln 

n1n.:jfllvHIl1ltl'li ? 

4 JJ"..o::t. QI .c:t 
CI.:j'l1tl ........ ...... ... .. .. .. .... ....... .. .. ...... .. ... .... . f:!1~lnlJn~m1lJ 1'U'Yl .......... .1. ...... .. .. .1. .......... .. . 

( .... ..... ..... ................ ..... .. .............. .... ) 
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'I111V"l~V" 1"Vm'l"~'l"1~lJlllvu'1"vvll~ie~ n~~1'1'Y11vul'Vi 

t)'lVn;lrr ,uluvf66n i'lf~~rribl'YIrr 16U111iiL11.Juuvlfll~6f 

llll:: m'l" ~ 'l"1~ 1" v 1 ;;~u m Wllll 'If 6 f fI VUlll vfiimllJl'I1lJl:: rrlJ 

" .." ,:: YltJfl 'll1JflYlI't1U 

';;U~'l(J '';UU'il '';,;;1.1 , 

1 0 ~'l(J 
fll JOe 

-1 
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. . 
.., .. v V" v_'1 "'!l1 1 _I'" 

NiJ1JNiJ1UfltJfl11IVU1-3\lllU IU~lJ'lUnllJU 1fUtJl"''llUlJ1~lllnn 2 

.... .. .. 
l::~llJmlliflAI'HY 

.I n1u~"UJ '';IIY'~ 
, , .. 

1I1'HY , 
IUO'Hl fl1 JOe 

1 0 ~1tJ 

-1 

I. l1.hum11Ol'l'l101'I"111 1'l' (In ~I t1111m'l'~911Ulq'llt111'l''l' (lU::'~ 
1u 11 ~ ~ ,,~. .. 2. 'l'Um11Ol'l' mn11l'l'(l U l1Ul't1mn1H1U"a~I'!HH\1.l 

fnr~mH)"l~tl" ,~ 

3. 1Umm110l'l'lln iiml11~"l~U l.fj'11~~1fJ t11111'l'(lU~,j~M 

4. ml11l1irn"tl~ 1Umm110l'l'llniiml11ll1111::t111 

J. 11 'III ~d. 5. ml11(l"tl~ 1Umm11m'l' n~tlt1U"ll1lJml11ll1lJl::nlJ 

6. 'l'::fJ::mniUOl'l'llnihnllJll1lJl::t1lJ 

7. 1UmmlJOl'l'1lniiOl'l'tlU~U~1~mfJ~Ll1lJl::nlJ 

8. 1U'l'UmlJOl'l'llniim'l'tln"11,r~Ll1lJl::nlJ 

9. 0l'l'm1~~n"tl~Oli'tln~1nU1lJltulll~1n iUl~tl""tu::tl" 

Vll11'l'lfJul1nl 8 i11lJ~ un::'nn ltl~lt\'t1i1lJ 1nniiuiimllJ 

1l1lJ1:: nlJ 

10. 0l'l'~'l'1~~n"tl~m'l'lln~1nU1lJltu',,~uiUl~tl" '~url 
~ 

tlntlLnnl~tl'l'tln 'mnnl'lftl ''l'~ 'lJl~U'i~'n lulu'l'~U un:: 
~ 

1n1L"U~~ iiml11Ll1111::nlJ 

1l '" 0 ~QI 11. m'l'~'l'1~~n"V~m'l' n~1nl1U10ln11~lU"tl~L'I1nn'lJ~U~ 

l1ntl~L~tl~ 1~fJOl'l'm1~111ntlU'''tltln~'lJ~ n~~1''t11tlUL'V4 

tl'l'tln~Ln 911.huv1tltln ''lf~~nihl't1n 1tllJ1niiuU'\.mvltlL~tl1 
1 i" u .. .. u .... un::m'l'~'l'1~ ~fJ 'lf~ mtlHnl'lftl'l'''tl Lntl'l'lJmllJll1lJl::nlJ 
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illflHlflfl il 



fll'rnVla81.1a1l11tl.fllrt't1HflUJ (Physical Fitness Test) 

i1 VI,h:: a -3 ~'U tH fll1 't1V1 as 1.1 a1l11 tllllrt m -3 fll tI 

128 

a '" ~ I" odI.... 1 _~ d 1. 1'YiV l1m'H1flll111flfj't1~ffV1.1 fH'i::~1JfflJ'i'HIfl1'Yi'Yl1~mtJ'\IV~~'U1V~ ~mu'itl1J1'YItl1J . 
~ , do 

fl1J fl1lJ1;t 'i i 1 'U 't1 H ~'\I fl1'Yi 't1 ~ 111 'U fl;t llJ m ~11 Cl:: 1'Yi fI' 

2. vhi,n~,rVlJCl~lrJ'Uth:: ltJ'lnr~vmm'U::1.hfl1'ivvflfhci~mtli'U't1fll{''U'\Iv~ 
~ . 

fflJ'i'j(lfl1'Yi 

. i" '" _I '" 11"" 3. 'Yl1 11 ff1lJ1'i (\;t ~ ;t1lJ 11Cl::u 'i ::llJ'U ~Clfll1lJ tJlll1 'U 1'\1 V~ fj't1ll fffl1J 

q v 
fll11gt1t1l1rj't1V1aS1.1 

'" d _I I i"" ~".... I 2. flTi 1J1t1'i 1t1Cl::1Vtlll fll 'i 't11l fffl1Ju 'i ::lfl 't1;t1~ '1 11 fj't1ll fffl1J L 11 'i 1J 't1 'i 11J fl fl'U 
.. 

3. ~'t1llfffl1Jfll'i '~f1Jfh11 'U::'lh ilftJiiu~,)~u 

. .. 
~Clflll'lh~ 1 1'Unfl'Ufll'i't1llfffl1Ji lf~1J'lh ilfYitlww 

ilf~llml11'infl'Um'i't1llfftl1J't1llfftl1J tld1~UmJ~ffll 3 ~11lJ~ • 

lJ1fl 

i'Ufi'Untl'Ufll'i't1llfftl1J 'Utl'Ul1ci1JilflYitl~VW tJ'i::1J1ru 6-8 ~111J~ 

.. 
3. 111~ tl ~ fl1 'S't11l ff tl1J ff1J'j 'i (\ fl1'Yi 11 Cl1t1tJ 'S:: lfl't1 fll'S i1 tJ~ ~ 1 ~ 1J fl1 'S 't11l fftllJ ~ ~ U 

11l~Vi ~'S 11lfll11J,)'U lClM;t'\lru::~fl 



, " 
1f1ri1u~~u'Cl:;i.nhmj'fI 

fI'n~1f1 '~liu 

'YlflffV1Jfl11lJVfI'YlU~V~111 1 ~ tJVflU'Cl:;1:;1J1J'I11tJ' ~ 
d " .: 'Ylfl ffV1Jfl11lJU ~~U1 ~ll'Cl:;VfI 'YlU~V~fI'ClllJl U V 

'YlflffV1Jfl11lJ(ivu~1 

tY.fl1't'i1l1~6't)1Jfl11mHIt)1J 

1. ~V~l~tJ1JlnUri1U~1 

2. ij~J~fflJltJll'Cl:; 1~:;ffl'l1i'1JfI111f1fl111J~U 1m19'1u'Cl:;;'Yi~1 
.4 4 oCt " 

3. lmV~lJVlJlmil'U lJfl11lJ'Yi1VlJ 

, .. 
"COl COl ... ~ '1iI_ICOI" "0 OJ , .. 

rjn1Jil n:;'t'!'Ul 11flVlt) mU 't'!l1Jn~ iltl1Jil1Jn0il1'n~1f.Jfl1'lt)t)tltlUl.:JtlUJ8f.JHI~~"1~ 

1. ijfl11ltJ~tJUUtJ'Cl~'\JV~fl~U hHh111' ~~U~1JVflfl111J~fltJfI~'\JV~fll1:;111' ~'\Jlfl 
" 

ltiVfI fI~11JlUV1111~9'I1tJ (flltJ1u 21U) 'I17Vfll1:;~fltJfI~l~tJ1J'Yi"U'\JV~1111~ 

2. ijUlfl11l ~1Ju'l1 UWU' lVfIll1J1J hjfl~~ 

3. fll 1:; 111 1 ~l~U~fltJfI~~hjffllJl1()fl11JfJlJ i~ 
" 

4. fll1:;~U1111~~mHh~lUUH 

.... 1 .d i 'i" 5. fll1:;'111 ~11tJVlfl11JfJlJ 1J fI 

" " 
6. fll1:;l~UltiVfltJ VfI\1f1~flnU Vdl~l~tJ1J'Yi"U '117 VlUVtJ Vfl9'lltJ 

" . 
7. fI~11JlUV111 1 ~'I17VlvmllJ111 1 ~e1f1lff1Jl~tJ1J'Yi"U 

8. ff ':HYtJ'I17Vijfll1:;'I1'ClV~HtiVflUfI~ 1my1 U'l'YiV'l 

.dt .c:t d,,, 
1. llJVlJUlfl11l ~'ULLU 'U'I1'U lVfI 

2. fl111J~'UltiVfI'UW:;ij1J~1'Clfl'Cl'l1J1flflil 20 iJ'Cl~llJ9'l1tJ1V'Yl 'I17tl i~l'~lJ~'U,rlVl'~lJ 
fl111Jmj' fI'Utl'l fI11 V VfI ih" 'l fI1 tJ 

3. fl111J~'Ultitlfl'UW:;ij'U~ 1~ 'llJlflflil 260 iJ'Cl~llJ9'l1tJ1 VVI '117 tlmllJ~'Ulti VfI'UW:; 

fl'ClltJ~11JlflilI15 iJ'Cl~llJ9'l1tJ~VVI 

129 



. 
'" 

d ,,~~ cal "dd a"1".t::), Qld 
4. lHl1fll111'U11J~I1JlHI1J ffUff'U Vlfll11C))' 11'U1C))'~1'1.1t11 fl"'U 1ff ~ll1'U..:JW'U 

5. flm1fll11~'U'I111 ~ 'lJl'~1J~'Ufl11Jfl111J11,rfl'l.l6..:Jfllnlflf)fh"..:Jfllti 
6. ~..:J111::fll11~'U '1.16..:J'I111 ~nflnltJ~tI'UUtJ"..:J~fltJfl~i'fll \l 'U 

" " 7. rj'YIflff6U16..:J'I.I611~flfll1'Y1flff6U 

I 4!t: d" ~"d ~ ~" . .d 
8. 11..:J flltl1116'U 11 fftl..:J '1.16..:J rj'YIfl ff6UU ff~..:J L 11111 'U (l..:Jfl111J 111 'U 6 tlm6 tIl..:J 'YI ~~ 

9. lfl~6..:Jij6'Y1flff6UiiihUl11 
u 

'YI1J1: American College of Sports Medicine. ACSM's Guidelines for Exercise Testing and 

Prescription. 6
th 

ed. Philadelphia. Lippincott Williams and Wilkins: 2000. 

v 
fll'nWI tum tun 'i tl ill 'ff'YI1..:J fl U.I VllU q'U inn 'i tlU:: 

(Model AU 767) 

... <!I 

f)m'm6~H"6fl (Brachial) ... . 
3, 1Pi..:J~lfll ';j'UU"1JVitJ1::1J1ru 200-220 iJ"ill1JmtJ ';Hl'YI U~1f)fI!ilfl!fl~6..:J 

4 . lfl~tJ..:J\l::Yi1fll1fl1'U~1;'Y'I\lm"::m11J1l'U 1m1\P1 

l30 



131 

" 
5. ~'\.Jfif)fhumlm·H~'\.n111'iJ (fli'.:j~V'\.J1Yi) lLCl~fl11lJ~'\.J l~rH~ (iJCli1tlJ~l 

thV'Vl) ~lhlf)!l1J'\.Jtfl~V.:j 

. . 
.a Q,I Q,I I' dV do 

tmV.:j1~ff~nn'\.J'\JV.:jll.:jmtJ (Antropometer) tJ'YIV 'Vltfltfl (TKK) 

1"""'" " 1. mH'\Jn1Jml'Vl~r;yV1JtlV~lV.:jt'V11 .. 
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.... • _I '" 3. m'llVl tF.I fl1J'l~ fltl1.J l1HVIlwnUl 1£1 

~ cv <"' ... 1 
1f1'H).:I1~fl.:lflu'J~nfl'U'YI1.:1mV (Body composition analyzer) .. .,. 

llfln 

'1 "" " ., "" 1. '11 f-.l1 'tI1'J'Uf11'J'YI~ffV'UtlV~'J V.:I1'Yl1 U"~tl.:l1'Y11 
~ . 

, ," 
2. tit.! 'U'U1f1~ v.:Ijj Vl'lllJU 'U 1f11'J 11.:11..1'1 U~1'J V ffn fl'i '1 ,r1f1~ v.:Ijj Vtl1'U ~lihmr n 

~ 
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OJ <S v.!( V ""'" 
5. fll11V1fll1'J.JU"~U·H"8~flau.u'U8 Vllt11ti 1 RM 

Q,I d "~Q.ly I 0' 
U'ff~.:jf11'lJ~flJllJU'IJ.:jUH'lJtl.:jf1mlJllH)l1".:jWltJ'Yl1ml'Yl'~"~l1TW (Lat pull down) 
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.., d "" . " "" , d .., II 'fffl,:) nn lfl fI 11lJ II 'IJ,:)U 'j,:) 'II fl,:) n"llJ 1lJ fl\PllJ 'II 1fl1lJ 'I1lJ 1fl ltl'Vl1mfllflf1L 'VllJ 'Il'lJ (Leg extension) 

.., d ",J""..,,,, '" 
11 'fffl,:) n1'j lflfl 11lJ11'IJ':)11 'j':)'11 fl':)n"llJ1lJ fl\PllJ'lJ1fl1lJ '11 ",:)fl ltl'Vl11"f11f1" (Leg curl) 

. " 
1f1~fl':)1rimJf1U1m1n (Weight machine) 

... -=t 
l1i fl 1'1 

" 
'1 

"'jJQ,I I " ~, "Q.I ... 1 do 
1. 'I1~'jiJf11'j'Vlfl'ffflUeJUeJlJn"llJLlJflneJlJ U"l'Y'lnu'j:;lJ1W 1-2 lJ1'Vl 

~ . 
2. ~'Vlfl 'ffeJU '1 ri"mf1'11u n 1 flfJLL lJ:;U 1 hi' ,),:)'11 l:;nn~,:)'11 ~fl~lJL1~JlJ' t1\Pl1lJtln~ 

~ ~ 

" . 
mhm:;'lf1n 'I11nu I'll U nn'1 i'~,:)'11~ eJfllJiJ':) hi '11 U n'Y'leJ ~ fl~fUf11'j 'Vlfl 'ffeJUV,:) 

~ 

o ill "'1 ' 'l" ".., .., _ I '" " d. 'ff1lJ1Hl'Vll Lfl LflfJ':)lfJ 'I1mUf11'j'Vlfl'ffeJU'Y'lnu'j:;lJ1W 1-2 lJ1'Vl LL"lL'Y'llJ 
~ 

" UI'll un '1l1''':h'1mJ 
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" . 
3. ~i'1Jnl'n'1~~H.l1Jl11fl11~ ·nf1fl~'\.nhl1t! niiill'H'IHli ~fJrifl'U l11 i M'HlfJ i 1l1.,j'1 .. 

" ~W~l11fl11~·m1fl~'UU1'Ht! n iM'HlfJi ~flfln 

4. ,j'Uiin~llil'Uni"ni'lJ 

. 
IV 'cv V ~cI cv 4, V' 

7. fl111f1fl111JtltlUVl1 fl1t1111 fl111f11~tI~fl11Ifli.1tlU 't11'Utl.:J'UtlVltl 

~thl1W 

"'''' 111fl11 

1. iM~i'1Jfl11l'1~"'flmr~,,~ i~V~~~l i M9i~ hM'1'U'HU1~fl~'h~fl1fJ i~fJ~l~l ili .. 

" . 
2. l~fllJiifl i tlufl~1J'Ufflmr)~ i Mi~in"ii~~ 

" . 
3. l'1~"'fl1J 2 fli'~ ,j'Uiin~llJ1nii~fl 'Ht.ilfJ!il'UI9f'U~llJm 

8. fl111mnl1Jflfl't1U'UtH1:::1J1J'I111;) Ui.1:::'t11t11;) (Cardiorespiratory endurance) 

i.f1J11t:1illftfl111,rtl6flcUI;)U\l.:Jqfl (Maximum oxygen uptake) ~1t11fi Maximal exercise 

testing 



l36 

. 
1. ~1~ (Treadmill) 

2. lfl~fl~1~fllmClfHtJ~V'l..lfh:1l' (Gas analyzer) ~11'flflfl{litfl Cortex 

....... 
llifll"l 

1. i 11'~1'Ufll"j'VI~ffflUClfl~I~'U U'U ri~~ 
~ ~ 

2. i fffl tJ fl "j W fll"j 1 ~ i 11' ~ I ~ 1 l' U fll"j 'VI ~ Cl fl~ 1 ~ tJ fltJ fl "j wi ~ l' U fll "j tJ l' u~ ~ . ... . 
..,; 4i~" " Imfl~lJfl '11 L~lJl~"j!1'UIICl1 (Calibrate) 

3. i 11' ~1'um~'VI~ ffflUflflf1fh~ ~ flltJ 1 ~ tJfll"j I~'U -~~ U'U riflCl 'U l'Ul'vh~ \l:: 'Vi 1 1 ~ 
~ .. 

l~tJi~ltJmmlJ llJ~vhtJ,\ U"j~ (Modified Bruce) 
~ . 

o Q,I Q,I Q,I 4 

4. 'UW::'VIlfll"j'VI~ ff{)U1~fl11lJ~ 'U IICl::ff{)UtlllJ "j::~U'Ufl~fl11lJl'I1'U {) tI (Rating 

of perceived exertion of Borg, RPE) YJfl'l 3 'Ul'Yi 

5. lrlfl~1'Ufll"j'VI~ffflU'~ffllJlHH~'U~fli~ 'I1~{)ijrh RER fl~i'U'lf1~ 1.05 

oSi ,., I d lit " t::I .;" Q,I d t::I 
(Tjonna, et aI., 2008) fl 'I1~{)'Ufl11lJl"j1fl~ n 2 'Ul'VIIICl::'U~'Vifl{)fl 3 'Ul'Vl 

6. U'U Vi fl~l i 'UflfllJvhIVlfl{ 'I1t.bmtl'UlJClililVl"j~{)fll Clfl1'lJ~{)'U lYi 

9. fll'rlVlfll"l''t'iIl'\JM1~BVI~'Uthrmii£ltf 

~tJfl1tl1 
~ G'Q.I ~.r:!t .o=i,., Q,I 0' l.d" d 

Im{)~IClI~fl"j1~fll"j I'I1Cl'Ufl~ICl{)~ (Laser Doppler) tI'I1{) lJ1"j (Moor) ~'U VI fll'l 'Vl 

4 (DRT4) 

o .c:::.. .o=::S 0 Q,I 

1. 'Vllfl11lJff::fll~U'l I1W 'Vl'V1lfll"j1~ 

2. ~~ l'Vi"ju U1I1W~{)lj{) i11'~1~111lJfll"j'Vl~Cl{)~~fl i'U'VhJ~ 15-20 'U1Yi 
~ 

v • 

3. 'I1~~\llmr'Uu'UVifl~l'UW::~fl 1 'U1Yi i~lfl~{)~1~fl11lJll'U~'UihJI'I1U{)\;i'U 

II'U'U ~fl11lJll'U 200 lJClililVlnh{)'Vl ri'l~'~ 5 'UlYi ~{)lJltJri{)tJCllJ{){)f)H 5 
d.dt Q,I.&S', .r:d 

'Ul'Vllm{)~\l::U'U'Vlflm"j1lJ 11 'Ul'Vl 

4. U'UVifl~lfll"j 1~ i 'U Ifl~ {).:Jfl{)lJ~1IVl{) { f1ltl'l1 ~~ ~~,.j 1~llJltJ"j::lJ1Cl~Cl~ 1V 

1 tJmmlJ~{)vlII1{ 
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d ... 
2. lHltl ~ lflU HHWI 

1. U~~l,rli'Ufl1'J'Yl~~H)U i~tJi,r'l~tltlflfh,r'lfl1tJ 2 1'W ritl'Wfl1'Jl1l1::1iitl~ '1~ 

tIl'l11'J'I1"'1 4l'ilJ 'UtI'I~'W r1t1'W1J111l1::1iitl~ i ~tJ~l,rli'Ufl1'J'Yl~fftlUffl1J1'Jf;) . .. . .. 
$ilJ'Ihl1.hh 1~ ~fl~tI'W i,rl'~tJ'IYHl 

o ... i' d... d 1" : d 
2. 'Yl1fl1'Jl1l1::1Cltl~ ff'l1Cltl~lflUmtl~11Cl::lflU 1 i'W'Wl11'U'I 

3. ri '11iitl~~1'ill:: 1 ullml::...1U11J1W fl'W CU~'W 11Cl:: 1t1'W lCl~11U'W f1Uvlf111Pl tI{i 'W 
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IllflNUlfl V 

. 

........ <:I 

VUfllmlUtltJ 

'..::f. Q,f ,.f, <d ~ 

ff1UYl 1 LL'UtnJUYlnfllYl1ilffn1YlVl 
.s 
'lftl-fffJ" __________________ l'rll'l' __ _ 

tll~ ___ _ 91lJ . 
~ 

fli'il /Ull1 -----
il" i'lllJ1I'fU':i tlYl -----

fhu~ 211'U'UUuYinnwV111fftl'Urr~ffm':iflU~ ffl':i;11flii1Ul~tlflLL"~nl':iil1"~tlill~tlfl4Ufi1YllliiVff 
l.iYflri1U~lilnlV 2. t11nl':il~tltln;1'ilU~ilrrl1 V02 max 

.. ...... ... .. ml/kg/min . "' ... 
f.I"nl':iYl11 fftl'U fllYl111 

8MI 

RMR Kcal 

FFM % 

T.Fat % 

~ 

4. nl':i 111"~tlill~tll1-ru fi1Yl 1 Iii Vff 

. "' ... 
fllYl111 Peak Mean 

vilnl':i Ylflfftl'U 1 RM FI 

F2 

Leg curl SI 

Leg extension S2 

Incline bench press Tl 

Lat pull down 
T2 

I Sit-reach ... . ... .. ... . ... 91lJ . 
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... ..., .. 
6.ffl'i'lf11f1lJ '\.mHl~ . . ... '" 

fI1'Vl1~ fHlnl'i'Vl~ ffeJU 

FBG 

HbAlc 

Triglyceride 

Chloresterol 

HDL 

LDL 

MDA 

GPX 

WholeGPX 

vWF 

Insulin 



"" TIllUtliI 

4 
'lftH'I'flCl ___________________ LVIi'\' __ _ 

tll~ ___ _ nn . ri1'U~~ ____ 9J'lJ. 
~ 

fli'~/tnYi -----
ijCl~LlJm1.htl'YI -----

ri1'U~ 2 11 U1.J'UtJ Vinnl'.i'YIflfftlU'1'11fflJ':j'.i(ltJ:: ffl'.i;11flm tJLii tlfl LLCl:: nn i 11 Cl'll tI~liitlflitJfh'Yllt'UtJff 

, .. ., 
fll'YI1fl 

8MI 

RMRKcal 

FFM% 

T.Fat% 

l11nl'.i'YIflfftlU 

Leg curl 

Leg extension 

Incline bench press 

Lat pull down 

I Sit-reach 

f-IClnl'.i'YIflfftlU 

lRM 

....... ......... 9J'lJ . 

2. fhnl'.i'~t1t1n;L1JtJ~~'1fl V02 max 

. . ... . . . .... . ml/kg/min 

, .. ., 
fll'YI1fl Peak Mean 

Fl 

F2 

Sl 

S2 

Tl 

T2 

143 
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.q .Q~ 4 
6.ffn'lf1LfllJ L'ULfHlf1 

, .. '" 
fll'Y11f1 NM1'j'YIf1ff~U 

FBG 

HbAlc 

Triglyceride 

Chloresterol 

HDL 

LDL 

MDA 

GPX 

WholeGPX 

vWF 

Insulin 
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.rmunnfl C)f 

ltJUtJtJfl1'lfJfll~tI 'VU'l ~~lU 
66flfh~.:jmfJ 1~fJ1~m.:j~lu~ijfl11lJl1U'fl1uU91Cl~LC)f~ 6-8 RM 1~mhYhCl~ 4 LC)f1Pl (hi 

, " , 
11lJLC)fIPlYivhflllmJtiu~1.:jmfJ) LC)fIPlCl~ 6-8 fli'.:j hW'YhYil~fi6 'YhLUULYl1ff vllLuu..;'1m16fhl • 
vll 'mL~tJflflU~fl vllU6U 1 1Pl1JU' ClLflfCl Lm~vllfffl1fl'Yl 1 IPlfJ1~fJ~L1Cllm1~flU~Cl~LC)f1Pl6~i Ui1.:j .. 
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~I i' .. ., .. ., .. 
U'ff~.:jm'.iHf) 'U'YllllJ'U'Yl !UlTeJ'.i !'.i1 (Bent over row) 
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~Ii IIIJ d.I'" d 
U~~'1f11'jHfi 'U'Vlllml9fuflfimJfl (Tricep kickback) 
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~I 'j/ , 

11 ffll ~f1l'H'lfW11tJ'Yl1 fffl1fl'Vl (Squat) 
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'lf1.:Jf111lJI11 
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()1H1U ~Hf)l~ 1~91l't1J • 
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" ~l'nm'CYfI'IfIl1',*Ulln! n'UV'InnNnLLV 1 1iinu 1J1J'lhnl 11 n'CY~1JL1Jlfo.!'CYlJfo.!'CY1U n1Jnn' '* 
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