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[Purpose] The purpose of this study is to emphasize the need for the establish and the use of
altitude training center via examining exercise training method in natural or artificial altitude
environment that is applied to various elite athletes in various advanced countries to maximize exercise
performance and its effectiveness. [Results] Altitude training in natural or artificial altitude environment
enhances aerobic and anaerobic exercise performance baesd on the hematological and nonhematological
adaptations to hypoxic conditions. These altitude training methods can be classified into living high
training high (LHTH), living high training low (LHTL), and living low training high (LLTH). LHTH (e,
developed since the 1968 Mexico Olympics) and LHTL (i.e., developed in the 1990s by Levine and
Stray-Gundersen) improve exercise performance via hematologic changes through erythropoiesis such as
increased hemoglobin mass and erythrocyte volume. On the other hand, LLTH (i.e.,, has been developed
variously since the 2000s) is composed continuous hypoxic training (CHT), intermittent hypoxic training
(IHT) and repeated sprint training in hypoxia (RSH), and the altitude environment is constructed using
a vacuum pump and a nitrogen generator. In general, LLTH method dose not induce hematological
change in a short time within 3 hours. However, CHT and IHT enhance aerobic exercise capacity by
improved exercise economy, supply and utilization of blood to tissues, capillary and mitochondrial
densities, and oxidative enzyme activity through various biochemical and structural changes in skeletal
muscle and cardiac muscle. RSH enhances anaerobic power and repetitive sprint performance by
improving glycolytic enzyme, glucose transport, and pH control. In Korea, however, there are almost no
facilities for altitude training that is applied to enhance athletic performance in advanced sports
countries and recognition of the need for altitude training is also very poor. [Conclusions] Therefore, it
is very urgent to develop altitude training for maximizing athletic performance in Korea and a lot of
support and efforts are needed from the government and local governments.
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A A18FE= living high training high(LHTH), 2,000~
3,000m 2149134 1A 3ol A ALapaA] 1,500m
olste] AA|d] 27 & HA| AN FHE At
living high training low(LHTL), A3t d|A Y&s
ARk 2,000~4,000me] 184 TASANN FdS
Al3}E living low training high (LLTH) 37F4 &2
1315} Egold B dntygo=
VIESE= 5*4 Oi W ot FH 2o
Ao wetA] AFHC R T
ATHMillet et al., 2013).
A EETFdeE e AN
29 AaguhsE (oxygen
trasporting capacity)dl] &JaiA 2 S W=rH(Park
et al., 2018). o] gt AtaRbsE o /ML it
oAuA Aol B&4 Ve 73, AFH o R Ay
2HA 2 #F (maximal oxygen uptake: VOgmax)<
7 BRE oly gt &5 F JJ?JQ wj742] €] A1ZE A
Ao =2 A% %‘ﬂ% 53 EErdeds I
AZItH(Park et al., 2016; Sinex & Chapman, 2015).
AAR-QFA A9 Eold FRIE
(hemoglobin: Hb) #& &7} 3 A&+ (red blood cell
RBC) A4 (erythropoiesis) ¥ Z-& dHstza #H3le}
A 75 B A Aol & 2
A Wsts Fof Ayt 9 o] &
N 220 QENFSo AY|EHS
151 It Czuba et al., 2011; Park et al., 2017;
Park & Nam, 2017).
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FE9 ¢TIy fz,“o‘—% 184 repeatd sprint
training in hypoxia(R = M2F 2Ad4 034

A G| A €] EF 10 ‘?M A &5 3 9t} RSHE
dutd oz 2 000~4,000mel BE = 2142134
AR A 4~67F2] 7|3 B 30% oUle] A=
=S 1054 oA} HkEA o 7 AA|sl= HhH o 2 H]3HA
iAol IEY 53 Hlugs W SE2olA frolsH
o 2 A4 5 9 A7 (blood perfusion)] @i}
o} 2o} o /A E Zake] gigk A Ay 38 &

S F A ol Hoste Tho S o o3 T ‘”V\” %
2582 WA E Ao HaE 3 Yth(Faiss et al.,
2013; Galvin et al., 2013; Hamlin et al., 2017; Park
& Lim, 2017). ol tigt AFZAZE 23] A EH,

r—{o

i

Faiss et al.(2013) 4078 <] EdE AL nfgo=
3,000m A4ta 742 485me] HA A 453,
153], 5x10%9 all-out repeated sprint training=
AT A3 A ba SR A Edlold s AAIRE Fetkd]
A 2o} XE Fa gk (average of power output)
2 FEAEAE YeRlthaL Basiglon, ol 2w}
=2 g@(muscle biopsy)ll 2l& 7AF HIF (hypoxic
inducibe factor)-102] mRNA, carbonic anhydrase II1,
monocarboxylate transporter-4°l gt fogt F7ke}
mitochondrial transcription factor A, peroxisome

|

(<

proliferator- activated receptor gamma coactivator la,
monocarboxylate trarlsporterlgl G938l 7HAe) e Bl
2 o] Wist g F e RaEnl v T Ao R g
v 2‘—é"—‘hﬂrﬂ-(blood perfusion) ] H3}s} o] 2 <13t &%
T YRS fishe @At 2 thde AW EE Y AA
7} 27Fl Yehe diolgta skt S Galvin
et al.(2013) 309 HHHAFES U= 4571 12
3] A4 9] repeated sprint training(10x6%, 30z ¥
2)E 13%F0:01 ald= = Arkd 843 21%F,0.90
= BARE AN FPote T TR TRt
RSH9] F4HS AES 23 444 304 Eflo]d
= AAGE AT o 2 PR 255 E*E:u g
Fe Bastglon, ojge A4S 9 2 g ge
7k} H oA o] Aol SR Qe AT AMEE "r“
AE AaTE S718 A¥etn Busigit
ol9lo| &= < RH | AFAEL A Edo|d=
58 2 7% (muscular funciton) 7845 ¢J38) 234 -
AT A3V A8k Sl o]H ek Yel= Schoenfeld
et al.(2013)°] A g vie} o] O%"ﬂ of gk Aty 2~
Ed| 27 —ﬂﬂ <A §
o] 2.7}<l
r1E e ?:_!_qu EL H]EH 5‘-1 < 7lse Mde =St
= X

2 a8, o)

phosphate; Pi), 40
2 urtEe 43 4 zo (growth hormone
GH), Sled AV ?JX}(lnsulm like growth factor:
IGF)-1, 7HZ28Y1, FEZ, gA2E2HEY 22 4
2 528 W& g3 e Aer Busia it
(Kon et al., 2012; Manimmanakorn et al., 2013; Park
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& Lim, 2017; Scott et al., 2014). ©]2ig} A}aka S0
g3zak Pi, H' 9 28 tjAHES} GH, IGF-1, 7}
2, FEZE, HAEAH 23 22 53} T2 54|

=
o) e AN PAZAA J3 ABH £F A 30
02T 2 $BAFE FEHD ol H B A 2

EYAE Wol Yepes @42 It (Park et al.,
2017). 12y ofo Wik A4 dAl o5 F-5et ”752
2 go g W} tekst A7t e E|ofof o]d thgt Yz
£ B s AN E 7 e Aot diakiEd)
e A7) 75 Kon et al.(2010) 2} Kon et al.(2012)
= Aata SN Fste A s Edlolde] o
Z AR A5E M 2 Hg 9 2 7es
A itk FAsta 9o old gk AuaAE
galahl A e ek 9100, Park & Lim(2017)
& FAAAA el 6577 A WlE 5 Edold
o AeE B3l 29 ¢ 2A7E Y WA GH, IGF-1,
VEGF (vascular endothelial growth factor)2] S7F&
Husi ol N g & 753 S 28 7] A4Ra
& A Ratgint 59], dAl 2 Hig 2 2 715 A
o glojA] ZdAle] U iH] ¥HE-(systemic endocrine res-
ponse)9] 9L B HaLE Alold| glojA] =A<
84l s 3= 7] wzol] ol thek 7| AT} FHA L
2 deslojof Woet AWZ & F e Aot
?'SixH 1A gl ?ﬁ"} % M| & Egolde] mE
o] 2 & g

2 7’\4‘1]74]*4 Oi 307H5f o]t B Yyekse] A4
VAR FEA L AFA A T ALt FH A4
< Bfdta glom o]t Al S v R AeEe &
EEAd gt $55d5Y S g9 tdt el
12 Eflold S i 2 A48k I oh(Hamlin et al.,
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7 ol ol 4 34
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Fig. 1. Environmental control chamber for athletic
performance in Konkuk University.
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7] Eflolde] AzH w7
dE|E LFATFES dH R AR Ee AFA
QL el ot Abagut 8l o] S5 o] fhad A
Belel FHAQ mzo] 7H TS Tt 2241 o4
mzel A - AF A nA @AM Edo]d & N
Aoz sfopl dnt. AR 75, =Tt mopiel
w2k 7] o] SopA| A a1, olel t7] Fo] Akheiol

|
asle] B Foe %71 Fol o] &8 & Q= 4t}
RO A A =o] A4k 37 (hypoxic environment) &
=5H ¥tk (Moon et al., 2016: Sinex & Chapman,

—~

2015). o]k HEAQl Aska Soe] wE oA
oA A% (kidney)= A8l RBC 4343 (erythropoiesis)

S fdhe 3289 de]az¥ololEl (erythropoietin:

EPO)9] ¢] B2 #H]E 53N Park et al., 2016: Sinex
& Chapman, 2015). A#H oz IA|$Vd =&l
FeH Z7H RBCE 2 2402 o Be 2HAE dgsy
w3 oo ZAef|x]9] Akt Bl o] 858 o] Zj o
FEFYTY S FIAIIA BH(Ploszezyca et al.,
2018; Sanchis-Gomar et al., 2009; Schmidt, 2002).
ol gt AelA Wk o]l 71 U]EEEFJOM 2
% (mitochondrial density), 2F}8 &4 58 (oxidative
enzyme capacity), A%k fat ox1dat10n) o5 A-A
7] 859 (muscle buffering) 53 22 H|d g0l
=™ (nonhematological aspect)] WA &HE Faf &
= ZAA|A (exercise economy) 2 VOomax2 A3} o]
2 Q% Ferded M 7 e Aok (Faiss et
1., 2013; Galvin et al., 2013; Geiser et al., 2001;
Hamlin et al., 2017; Park et al., 2016; Park & Lim,
2017; Park et al., 2018).
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A on AQA-AgA 2ABANAe] Edold
& Aguol Heha ESAES PAAE T8
7149 1014 Aol7k JEIAE SJelN AFe v

2ol dHskA-ud Ak Q] = (hematologic and non-
hematological aspect)d] F349] & 23|A &
S MAEF e Ao 2 Euya 9o

oystEol 13}

Toh
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K
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2 ARG =

ellA AFet upe} o] duba o
= o erythr0p01e51s

& AN Agshs Al 3

£ 2531 AbagubeE el g2 720K Gore et al.,
2013). A4t A=l < gt A2 A9 erythropoiesis B
< AT A ’&i% =ukskE 34 99 Ed Hb
Aeko] F7hek A4 RBC 24k S7kl 9JsiA UrF/}
dH(Bonetti & Hopkins, 2009 olzigt A4 wkg-
oA 9] Abagute] &4 NI RS SRkete
EAAY B 2 371 @ o)), E=gh mAE e
% (density) 2 =&4 (efficiency) ] S712 <13 &
HE 2A 079 ofFo] Bt dsA| o] FAA|A Eo

Shs2lo] 1Mt (Park et al., 2016; Prommmer et
al., 2018). o]&|gt 7} ¢5HA|9] Ae]d Wsh= ookt
APATE RO 2 VOomaxdt 5558 S A
71e F23F 71od el o & AtHTH(Hauser et al., 2017:
Wehrlin et al., 2006).

a8 AAH o7 uA|gAd] <
o A 7HE F d¥F2 mAl = 2202 RB
57%]71%5_ =<1 EPOolt}. dutA oz g
ATyt fHastd old ‘ﬂ—o— ato] AlgelA 7
(glycoprotein) T2E91 EPO2 #H]7} A= 1
A g RBCY A4tel S7kaHA o (Ge et al.,
2002: Gore et al., 2006). EPOE A4ta A v
sl W, SR wWad Fhgo] Frtsta oF
48-T2/1 7 o1 Hj x| o] =2stA =H, o]l g EPOS]
Aol et = Ao Ak oF 5 & AL
= 7202 B3 AtHGe et al., 2002' Gore et al.,
2006). olelgh AAka Ao w=Zof o3 FA ko]
Hae g9 gt ALE 29 9l Yol &
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oMITh: AL SJuiaAE BYe| dat 242 B
& pzgwsed 49 v & g aed 9

RBC 41 &7} 84t o3} 433 7} £ fcd
=

o]tH(Gore et al., 2013).

A 12|87 o 2|3 erythropoiesis &3 9+
Aoz Yehes 3842 ol 1|80 A HA]
Aoz O] EoloA HH, o g2 07| A FEE
Qe wAs AdTF9 3 (neocytolosis) 7t YA
o, dubA o2 nx| g9 3o oe Hb A&
RBC & $712 YEhY+= erythropoiesise 2|87 o
o2 & <F 169 AT=W A L AEHE g EHT
(Ploszczyca et al., 2018).
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OX[EA0 ot SOl #st

2AB oI YA W BATH S
B ofleh 2 242 bk 2 AU B8] YoiA] ul
£gA0E VAL 20, 228, Tt
4 9 ole) 89159 S8l B vk ol WA
A4 20| G AL LolSalE B4 Bk

(oxidative enzyme)9 %7HSerebrovskaya et al.,
2011; Takahashi et al., 1996), PIEZ=g]o} ¢ 2 U
9] Z7HDe Miranda et al., 2012; Hopperler et al.,
2003: Jaspers et al., 2014; Kurhaluk et al., 2013),
U] o] &-58e] S7F 9 714 0]-8-2] WSk Brook et al.,
1992; Park et al., 2017; 2018), @& W 24 g ¢
k7] By el 7N Lihker et al., 2017: Park
& Lim, 2017), @454 7] 3 dA5He} 75 75t
(Moon et al., 2016: Park & Nam, 2017), A1 W] 2%
A /WA (Ploszezyca et al., 2018), AH&AIEA S =

t Adl;enal Activity i :
| Vagal Aﬁhvlly EPD

123
lBI

(HIF-1a

18589 S7HPovea et al., 2005; Taralov et al.,
2015), theFet o2& FHo] ek (Kjaer et al., 1988;
Park et al., 2017), AFAgHE 9 o] 83} s Tiekst &
WA o] Z7HMadanecki et al., 2013; Nunomiya et al.,
2017)5°] EAgitt. o]} TAE AAIG 71732 Rodriguez
(2002) 2 Rodriguez et al.(2007)°l &3l (Fig. 2)2
o] AelEo] 8] AHE 9l
olg]gt 7|l ogt AYe]F ‘ﬂﬁrs%
&% Efoldol 23 VOymax 2 %%—?33%35.9] 7hd
E37} erythropoiesis®} 22 gograol =
Yet skl An e thekek B89 eha) S o)
‘JrE‘r‘/L T Adte 7)4\3 «1”]0}‘3’% O]Eﬁf} el A

EdlYd H“ﬂ*ol H‘ﬂﬂaioﬂq zﬂxﬂ \:}OOE
e Aol N 9] $F Edold WS A4l

gl =

gta g9le] Wgle] M2 VOsmax 2

Endocrine H t VEGF
System | t Protein Synthesis

PN

t Angiogenesis t Buffer
1 Capillarity Capacity

| TMitochondria | f

t Erythrocytes Hh-o,

t Cardiac T Pulmaonary Gas
t Hb Mass Shift

Output Exchange

1 0, Supply

1 O, Extraction/Utilization

1 Aerobic Performance

Health Status.
Genetic Endowment
“l_ Technique
Placebo Effect + Psychological Factors

T 1 Anaerobic Performance

t Athletic Performance

Fig. 2. Mechanisms for the improvement of athletic performance via exercise training in natural high
altitude and artificial hypoxic condition (Rodriguez, 2002; Rodriguez et al., 2007).
HIF, hypoxic inducible factor; EPO, erythropoietin; VEGF, vascular endothelial growth factor;
Resp, respiratory; DPG, diphosphoglycerate; Hb, hemoglobin; O2, oxygen.
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MAEIE ST gofet dFEo] By
et al., 2013).

et al., 2013: Millet

Fulco et al., 1988),

W= S50 9 A

A} (Girard

(P Y
INCEr At BN -
O A rlo

M

(Bender et al., 1988:
M E Ao o] W

A Z¥(Levine & Stray-Gundersen, 1992), 7%

o] A3HTiollier et al., 2005), AHStAEd| 2ol 23t
Z34 ¢4 Z7HPialoux et al., 2006)¢ 2& 44
EHE FHaglstofof gt

UntA o 7 AAA Q1 FA nA|GA A ] Eglo|yd
W2 37 living high training high(LHTH), living
high training low(LHTL), living low training high
(LLTH) 37FA "oz i3 & 9o, FHI2d e &
A 5 54 9 Egold HHd wa Wilber
(2007) 2 Millet et al.(2010)2] A& EFste] Millet
et al.(2013)& (Fig. 3)¢ o] 1A Edlo]d W&
Askete] A&sta gl

Living High Training High(LHTH) dHH

Thrgt 12 Egold W FollA 7 dEAQ 3
Bl (Table 1)o4 #73+ 85ke} 2] 2,000~ 3,000m
o] AR 1% ZZ (moderate altitude)ollr] A& 2
FH& AAlste LHTH #elth, & WhE-& 19684 9
Al EHY A ofxzE] 7} AFEo] 22 AAE AT
Al ZBIHA B Ax 2 MRaolA A8 7] A&

| Altitude/Hypoxic Training |

LHTH LHTL LHTLH LLTH
(HH) (HH / NH) (HH / NH) [, (HH / NH)
Natural/ Nitrogen Supplemental IHE
Terrestrial dilution Oxygen (NH) CHT IHT RSH
(HH) (NH) (HH)
Oxygen
filtration IHIT
(NH)

(HH / NH)

Fig. 3. Various altitude/hypoxic training modalities that can be applied to athletes developed to date. (Millet et al., 2013).
LHTH, living high training low; LHTL, living high training low; LHTLH, living high training low and high;
LLTH, living low training high; IHE, intermittent hypoxic exposure; CHT, continuous hypoxic training;

IHT, interval hypoxic training; RSH, repeated sprint training in hypoxia; IHIT, IHE during interval training;

HH, hypobaric hypoxia; NH, normobaric hypoxia.
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om HAAT vwd-s o, AA Ul 229 Aiti
A 2Ae FEToEN o HE RBC ¥ Y 2 &%
2 AFs] g HHom FPH it
(Christoulas et al., 2011: Svendenhag et al., 1991).
T2y LHTH ¥ ol Al A9 EEad 5o v
E 9% AES ATELS Y7o EATHA ¥E A
St gon AFAT E3 FHA R4 AGrt vl
Aol atAl YEY & A% ol tH(Bonneti & Hopkons,
2009; Svendenhag et al., 1991). A4 Aoz A E
g olulFo] G734 oA LHTHE &85t HA| oA
o] Y s8S HES Burtscher et al.(1996) 2
Baily et al.(1998)9] A7xE 28]e] 3F3te] LHTH
AL T 27 v3] VOymax7} & 2.8% o w& 2
IE Busigt. ol AdFdnEL SEATFEIA
LHTH A 44 53] 2442 (living high)ol 2| &
RBC & 9 Hb A% 35719} 22 erythropoiesisE =
& AR, wA 3ol A 5 Edlo]d (training high)
Al e 545 9 2579 i ofe 744
[e]

9l E32 <8 LHTHY 8442 vlwa Z7AolA]

Table 1. Classification in altitude/hypoxic condition
(Bartsch et al., 2008; Sinex & Chapman, 2015).

Classification Altitude (m) Equivalent FiO, (%)
Near sea-level <500 19.8-20.9
Low 500-2,000 16.7-19.8
Moderate 2,000-3,000 14.8-16.7
High 3,000-5,500 10.9-14.8
Extreme >5,500 <109

F1O,, fraction of inspired oxygen.

Living High Training Low(LHTL) &

£ et Ame LHTL %Y LHTH WA
Uehte 2429 279 uxggdAe] &5 Edo
YA Yehde $54E B &5 dad o8 &5

T
gsd Aol o] a4 HAaE =
ddf 2o 7 H9 n=x 149 o
Stray-Gundersen®] & L= ATH Levine, 2002;
Levine & Stray-Gundersen, 1992; Wilber, 2007).
LHTL2 A7 g 128421 2,000~3,000m 23104
Ageta 1,500m °]ste] 270 % Efeld< o

oy
Y
)
—
D
=.
o]
D
)

© WHo g SFAFEdA Qo] nA T A et
o7H AL F A9l erythropoiesis® &7+

A=

Ao WHE B A S 2 Edold s B &
= A% (oxygen flux)
3 282 A, A, AR A A
< TETYeEE Ao
H3% 3 JH(Brugniaux et
al., 2006; Liu et al., 1998; Robach et al., 2006:
Stray-Gundersen et al., 2001: Levine &
Stray-Gundersen, 1997; Park & Nam, 2017 Park

et al., 2017: Wherlin et al., 2006).
ol¢} AHH AT ES AP EY, 237] Levine &
Stray-Cundersen(1997)-& S/444 394 (A 274,
oz} 129) 2 t’d 2.2 LLTL(living low training low)
A, LHTH ¢, LHTL J¢e& #73 £ 2,500m
oA Agsta 1,250melA & Edolds AAlshs
LHTLY T84< HES 47 LHTLS A48 3l
A RBC, VOsmax, #719%], 5,000m time trialolA]
o 2 37 UedsS gsien, of9k Hsgt
Stray-Gundersen et al.(2001) Aol AE= LHTLS
Agok HetellA LLTL2 443 J9EtE VOmax®]
3% <7}, EPO 28] 57}, 3,000m time trial 1.1% 3
AT AA 73710l 2ok 2279 A (A 14
3, o4z 8%) FolA F Aol 1/30] 7|5 Al
Ao BFalA LHTLe] &8l uA] Egeold W
39t} o9l % Liu et al. (1998)2 Ez}
2 M4 (triathletes) 21982 W42 LLTL ¥
LHTL J&e @ U & 25 5<F 19 1247 o)
1,980mellA] A&sta HFAAH AN &5 EdoldS
AAlehs LHTLY E842 AES 23 LHTL g
A 2 FEE A7 A, FEEY (gjection
fraction; EF), 48t& % (cardiac output; CO), €3]
H=F(stroke volume: SV)9| F71E Hasl]on,
°]£ & LHTLY A&& A7 WS ngor
Fdeds FIANE F dva TG B
o Brugniaux et al.(2006) A8 E &4 =-7A
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(heart rate; HR)E Exst9om, o] a7} < 154
¢ A&Etha TR T Wherlin et al. (2006)<
2912 7N EY 2] lE o] (Swiss national team
orienteers) S S & LHTLS 283 A3} A8 450]
FY3 LLTLE 33 iz Y8l erythropoiesis
o} #Ast] RBC & 9 Hb A o] 47k 5% K} ¢
Z7hk Axel A o 2 VOmax(4%)$t 5,000m
time trial(2%)< %313t th. Robach et al.(2006)&
1889 FdFdA @zt 139 B 5YE
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< A4 A3, FolstAl F7FH red cell volumes %
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2l EPt, el FE 2o 229 Park & Nam
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s AFAA HFAMNE AN ALsin
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UZE, DY 16A13F o AR $Hdol weZEska 4R
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[e] [ 3=
e Bl %

Huya %»t—tﬂ LHTL i % IA G 9] =Z
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9} %?‘]9} 7P77h‘ Az Egolds oz 7}

=]

T3 4 9le ulg- ZE2 14 Ef9] 4
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3= ¥ (intermittent hypoxic exposure: IHE)Z} A
)‘\_L_/;: %1.7(:)1 ]}\1 7]-?‘54%4 o= _?_E E_gﬂ ]u.c_L N/\];].‘:_ =13
Ho g FA 8 F . T, Askd 7oA H
dHoz 5 Efolds AAlste W dYE HF
o] FETE 2 A 3t 5T gl mebA

CHT(continuous hypoxic training), IHT(interval
hypoxic training), RSH(repeated sprint training in
hypoxia) &2 78 4 )

DA B ol A TEE) 1.:%‘3}‘2_ A sl HES 74
Millet et al.(2010)¢] comprehensive review 17l
A THEE thekst Algjad g901e] W3lE njeloz dg]
E MFY $5Fded 2 A7Y S S 8
T E3stn lvk a2y olgte RHiE wEHEA
(meta-analysis)< %3¢ Bonneti & Hopkins (2009)
-4 AFM = dBE FFo] oid 1 stfeA

E

o] AL 25585 2 A7ES A2 ?
91% Aoz Husgtglon o] zjo|7} BAeE o
ol d2E M4 A% 1 stedAY] dubdas) vl
g, &5 Edold Ao O =& Fr &% Ed
ojg-& AABl EF o] HAaFoR o e Ak
ZAd wZ&¥7] W& ved] THE 289 93 A4k
2 A= gt Aud ez o okelA Uehly] w o
SEFYTHA oA FH AN AFE 71 717} of
Hrty Busla g},

olohs thaA 1184

economy) 1—1 o §94 =
ngEZcgol Ux AkelA Ei(omdatlve enzyme)«]
Gz NHEY T HolH, o] & HlEe R fAkA
] +ee8 s AT Czuba et al., 20115 Geiser et
al., 2001; Hamlin et al., 2010). o]9]d%= sd2hg a4
(glycolytic enzyme), 2532 5 (glucose transport),
pH 4T85 MAA7IH, olF Bl FAkaA o]
(anaerobic power)S 77|11 HHEA Q] ATYE F&
(repeated sprint ability) < 3gAIZItH(Faiss et al.,
2013: Hamlin et al., 2010; Park & Lim, 2017: Vogt
et al., 2001; Zoll et al., 2006).
41 theket LLTH W 5 CHTS 9 W&
HEW GRSl A o} U A ER A 4kA %

o, Mo
oM.

Z7dX CHTE A-&3t= 7, McLean et al.(2014)
o] AAA 2 H(systemic reviwe) Aol A Hagk vpz
w5 rdeE 9 4719 Slo] & B3 YA o
Aoz Bu¥ 1 9th(Beidleman et al., 2009 Debevec
et al., 2010; Lecoultre et al., 2010; Messonnier et
al., 2004). olelet A= Aaka S0 o] 54 =& Al
Uehute A8 #A 7159 1A Aol AeEe] dold
o

WS AAA AR S5

&

-

rr 1

of >,\I fl

1l 0O
AR IS EN - P R d ]
AA8HE LLTH W o] <83 g
#dad Y (glycolysis), pH 24, &35 A}
(carbohydrate metabolism) 2} 2<&

717 &2l Aoz Hus 1 itk (McLean et al., 2014:
Zoll et al., 2006). CHT @%—g 3l I%T?sﬁmoﬂ 3
o] AL A¥E Uehlle d7E A¥EH, Mao et
al.(2011)2} Meeuwsen et al.(2001)ﬂ1r o] LLTL ¥
LLTH 3¢ 5o A 243 A2 5 Efo|y
x%ﬁo}oq /dxlﬁ o= X}*V\ §].7ﬂoﬂ}\1 _OFE Egﬂo]u

AAshE LLTH A eeA o & dd2=EE Yehll=
-9} Czuba et al.(2011) 2 Park et al.(2018)%}
L

M otlo Ma ol

H &g
ﬂxl«l LLTH A &d w2 &
& 74561 A+e A7 }Xl

2HA %@@‘—ré@ @i}i ”HPEM L}EML Ae A
Aol th(Millet et al., 2014: Park et al., 2017).

[HTE A &3t A9 7% Park et al.(2017)2 20
o] Ad49dM4E LLTL 2 LLTH 9o e &
2E Al A 7 873 244 H thA k4 (maximal
heart rate; HRmax)9 75%°) 9=+ Ed el A
&3 2% 90%° AFH= AAA JAHE LF Q2

5 1% F4)2 F 657, % 38, 99 47 3024
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.9 2 ¥E&9] VOimax 2 ol FAHA
= e4E 50m 2 400m A8 9
‘ﬁiifﬁ, Dufuer et al.(2006)2 653t F
=R 245 = THT(LLTL
ek 77/ VOgmaX LLTH e 88%VOymax) < A
S A7}, Foof ARt oy} A E o ghe] {9
g 7AMel glol= LLTL ¢ B 5% J= 44
VOsmax$t o7k AL ete] FEAEAR ] S
7Fe Haslginh, E3h Roels et al.(2005) 339 <] A
o|F A4 9 Egfo|d|&E AFE dFo R Huue<]
90~100/°ﬂ A== X}ﬂﬂ $Ee 9 IHT 584
S AES A3}, PogtA Holo] glo]AE ojul g Wl
T UERA] ek kA| R VOgmaxﬂ MW= A= st
Atk ol9= 2 Vallier et al.(1996)2 5%<]
2| E Egoloj&E A4S dF o= 4,000m A %A 4t
A 7oA 373, 1579 304171 %Ed A= &
u = [HTE 243 47 &5Fdsgd 3lo] ouet
st e YehA] eskrha ELOHLU% o] ¢} H| =31
Hendriksen & Meeuwsen (2003)¢] 7oA % 167
o Egtolo| & AFES LLTL 2 LLTH Jdez y
T % 2,500m 7260 109 Z2A wjd 247t &5
F AHA Ad2IRHE o] &t [HTE 283 23
VOsmax©ll jA ek 1 Zol7t gla-& BHus bii}
o]¢lo| = Truijens et al.(2003)& FJAFE
2 15.3%0, &, o 3,500m gzl &
Z20A 557, 3= 338, 69~94%VO,maxel| 3l
2R [HTE A44¢ 23 100m % 400m 2717
olw gt J & WA Zstgitka Buatlth. McLean
et al.(2014)& o|9} 22 [HT A& w2 3489
AFAzet FAA A4zl g W& Fste],
AYE 559 2719 e el HTE 485t
AR ARE Vel MgdAT 75 v 374
z27 vt S AT O ik g7
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npA et o 2 RSHe ##HE W& AHEH, LLTH
WS ABAor AP T8 ey 4719 o
Fe A AL oA gk 28y 2010l £
A= A AL A A ] BHEAQl ~AEYUE FTHo| 1
AEe] EEded 9 Haxzo] AU nxe 9
gl thgt AF7F Bol o] FoAx 1 e A% olth(Faiss
et al., 2013; Galvin et al., 2013; Puype et al., 2013;
Millet et al., 2013). Faiss et al.(2013)& 409 2] FA}
Aol F A4E Uitz 14.6702?‘ 2k 2 950m 4L
SOl 433F, F 28], F 36% B9 1023 FYEHE
Ho) ¥k AZHE % ‘31 TEA IJEFEOE 74
© RSHY| &84S AES A7, Hdgpg]e Pt &
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(B3] & d+e g3 JPd+E vgoz g AX 2 Azlao)A] gt F59| dE AFEoA
Aol TErded B 4718 SUE Adl A8ota e AdH - AFA nA A A9 EF EFo]d
Aeat 2ol mE 884 HES ol 3 14 Edold AlH i 5 2] tig oS dxsturt
ot () A9E - dF3A 14 Ego|de Asta 2o digh dAgtA - n|P Al A-3A Gt vie
0 - FAR TFTEL MAATH, oY 12 Edold HWHE LHTH(iving high training

high), LHTL(living high training low), LLTH(living low training high) 2 7% 4 9lt}. 1968
WAl 2 &9y o] 32 JEE LHTHS 1990t Levined} Stray-Gundersend| 93l 71d¥ LHTLS &
AJZte] living high® HHBC2 d| a2yl A 3 45 & F7k9 22 eryrthropoiesisE & 94
st 9g ey S dIAT. Wi, 20009 o] FHE A F7HA] tFeiAl AEEo & LLTH
© T2 AFEE 9 AP E ol gate] AFAA nAE & 24438, CHT(continuous hypoxic
training), IHT(intermittent hypoxic training) ¥ RSH(repeated sprint training in hypoxia) 2 T
Rt WHoR LLTH W< 347 ojfe] #e AZbget m2al] wjio] dojaty Wats fmald
F3ANE, CHT 9 [HTw 2423 Ag2dA o] thst Asteta - 24 wsts gl AdE &5 244,

A 3
24029 BRFF 2 olf, BAAR U ETEelol W, M4 Hhd BHE 5E B UL &
$5US PP, RSHE 9349 Eh, FFa 4, pH 22 58 AAS 5o Fu2Y 398
Z7hI713 WEAC AxUE SHE PG, 2o QA FUe Aol 2E2 AT oY F
9] dPE 459 3718 F3S dal sl Agahn dE 24 EdodS A8E 5 9k Aol A
ARG Wit ohjeh ofe] B Doy A ER oS $EL oIt (BB o)) FHANE JPE A%
o 55U L A718S BT 5 ik 24 Edolyd AB BiF A% Bage] u$ AAsh, o
2 9% 3% 2 ARAS ge A wFo] Wasith
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