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The Effect of High-Intensity Aerobic Continuous and Anaerobic Interval
Training at 3,000 m Hypobaric Hypoxic Condition for Six-weeks on

Aerobic and Anaerobic Exercise Capacity in Competitive Swimmers

Hun-Young Park' & Kiwon Lim"?**
'Konkuk University Physical Activity and Performance Institute & *Konkuk University Department of Physical Education

[Purpose] The purpose of this study was to determine the effectiveness of six-weeks intermittent
hypoxic training at 3,000 m hypobaric hypoxic condition on aerobic and anaerobic exercise capacity in
competitive swimmers. [Methods] South Korean swimmers (n=20) were randomly assigned into training
at sea-level (n=10, intermittent normoxic training group; INT) and training at 526 torr corresponding to
3,000 m hypobaric hypoxic condition (n=10, intermittent hypoxic training group; IHT). The participants
completed an aerobic continuous treadmill training (30 min) within 80%HRmax and anaerobic interval
bicycle training (10 times; 2 min of exercise and 1 min of rest) for 30min within 90%HRmax in each
environment. We compared their aerobic and anaerobic exercise capacity before and after six-weeks of
training. Exercise frequency was 1 hour, 3 days per a week, and during 6 week. [Results] In aerobic
exercise capacity, PWC at 75%HRmax, estimated VO,max, and exercise time were increased by training
in only the IHT group. Estimated VO, at 75%HRmax was increased by training in both groups, but
presented a larger increase tendency in the IHT group compared with the INT group. In anaerobic
exercise capacity, peak anaerobic power and fatigue index were increased by training in only the IHT
group. Blood lactate level after wingate test were decreased by training in both groups, but the IHT
group have a lower blood lactate level in after training compared with the INT group. [Conclusion] In
our study, we did not measure to various dependent variables for support to enhancement of aerobic
and anaerobic exercise performance. However, these results showed that the IHT method may be
effective in improvement of exercise performance in competitive swimmers who participates in a variety
of events from short to long distance.

Key words: Intermittent Hypoxic Training, Aerobic Exercise Capacity, Anaerobic Exercise Capacity,
Competitive Swimmers KISS®
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2oz Hbet mlo] 2228 (myoglobin: Mg)<]
HE7he 5ok Atkol & B84 & *F9 AAA
(exercise economy)9 73}, wlel-ol=gddl 84
(B-adrenoreceptor)ell that ¥h-g-2] RIZIE o] ot
A7 759 7ote) ol B3 A 02| RTF
(blood flow) 2 dNEH 8 (hemodynamic function)
Y SVt T vRoR AN SEsE S A
715 Aoz Hux1 9tk (Czuba et al., 2011;
Hamlin et al., 2010; Park et al., 2016).
A, ke AAA-Q1FA A cA o] Eloly

W 2ol 7 Q1717 31 n, @o] &85« Ao] EY
old Alelek 122] 51 Ak el =2k LLTH el
== 1184 Ak Eglo ]‘é( ntermlttent hypoxic
training: [HT)olt}. [HTE gubA o= 2~653 <k,
T 2~53], wjd 3A7F o[ 2 %} SellA Edo]
Yo AXSHE O R wEAIRte] A, A H]go] 51,
Aol ol Ak 55 d aFd o] A4 14|
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2013; Galvin et al., 2013) o@% kg oluA] —a%
5% (Katayama et al., 2004), =24 tigk WA
%7HHamlin et al., 2010), 2171 B8 8¢ 7}
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Aoz stgon, o fARES H=87 (760torr)

ol 6771 H3AQ1 Edflo]d& AXJele tha(intermittent
normoxic training group: INT group)@ 3,000m
Az |FEE AG-ALAE A (526t0rT) oA
65t 118491 Elolds AAlske A& (intermittent
hypoxic group; THT group) 2.2 242+ 1084 (F=}
59, Azt 5Y) w5 st A8 I o5
AAA 5L (Table 1) 2oH, ZE A=A
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010y F2(7001355-201510-HR090) & ¢d T Hoje
AFS AH o A Eueit),
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Table 1. Characteristic of study participants

INT HT
Number (N) © male,l(S) female) (5 male,lg female)
Environmental 760 526
condition (torr) (sea-level) (simulated 3,000 m)
Age (years) 22.9+3.9 22.542.6
Height (cm) 175.0+£9.9 174.6+9.2
Weight (kg) 69.2+12.9 72.7+10.4
Body fat (kg) 20.7+4.0 22.144.3

INT: intermittent hypoxic training, IHT: intermittent
hypoxic training
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2 AT g dAE BASE (T60torr) oA HEA
o2 EfoldE AAde dixrd INT 25%
3,000m Fea=e] ASHA A 87 (526t0rr) oA
Ef ol A A8 HT 1522 45 &
o & 7} At ke Edloly S0l F 653t
T 3314 Hd4lvha(maximal heart rate: HRmax)
9] 80% 7=d g = iy Eded A&F &
% 30%3% HRmax9l 90%°l g5+ FAAaA QE
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(Aerobike 75XL, Combi, Japan)Z ©]-&3} physical
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time] 4= B3l Bk

LA AR FE5H L 30% YA °E H|AE (Wingate
test) & B3l H7HEAT. ol& &3l Hdl 29 (peak
anaerobic power: PK-AnP), &4 3¢ (lowest peak
anaerobic power; LPk-AnP), & 3¢ (total work
anaerobic power: TW-AnP), 33 3% (mean aerobic
power: M-AnP), I ZA4(fatigue index: FI) %
AT e s S o, 4wl g
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TN PSS ZAL
Are AAA oﬂe—yu]Ei
(Aeroblke 75XL, Combi, Japan)E o]&3dke] &

ooz S AT WA ’ﬂ‘i}? AA AN E i’i%
Raet & 7k tigAte] AR, A%, 93)E 483
o, Aukert g E UH”V] *-13_ A = &5
P -3

il

, & A Lamb
protocol (15watt/min)ol 98] ¥’} HRmax9
75% (FA: 206-0.69xage, 91#}: 205-0.75%age) el

g LqWW £H0F FEg FIIAn o o
VO, % VOZmaXL AL (VOy=9.386watt +
289.6)= %3 A=9H Miyashita et al., 1985).

ol gt 2z xe g
FE7t =2 Rl 9Alo|E Bl AE (Cycle ergometer,
Monak 828E, Sweden)E& %3l o|FAt}. o|& ¢
& tidAEe] A4 =36k, A S Ao,
O ok e FHEEe ARA 23R H (Cycle
ergometer, Monak 828E, Sweden)ol|A AA|g &
T;H/\}x}_,] /\m]—/\ uW zﬁ ;a/\ur_:ﬂ. o}@A] —rt—o—i Q
Exo] FH|HAT D AdEH S-S AT 54
Al EA7E AE St dgd e sh] AlRteh B
A= WA A5x0.075kp (7.5%) g3l 4At=9
)J-tHxJ S,LE7]—1:O1] uliq ]:HA]-}]J]. apﬁ%%o] J‘Eo}oq
A Fsto] o3t #EE w0 o FoIAH AFA 5o}
7 3027 s ol HEd s HAASES St
FAoh. BAHlS U 3¢ (peak anaerobic power:
PK-AnP), #A Y (lowest peak anaerobic
power; LPk-AnP),
power: TW-AnP), H+ 39 (mean aerobic power:
M-AnP) ¥ 3244 (fatigue index: FI)ol dlgHc}.

% 3¢ (total work anaerobic

o] HALE sl A QB
(YSI 1500, USA)E o] &3] Abd 2 AlZ7AA} A
30% 97I°|E B ~AE(Wingate test) £8 3] &

£ 2AE T 80uLE capillary tubedl] &3}

[e] y

gt 78 Wl Heka S A7]9 ”iﬂoﬁﬂrﬂ
A7) 7F, A Zhel] Qlo] FEI AS2 HhEol Y BAHE
Al (repeated two-way ANOVA)S A&3t5ith 1
A719 2lolo] tigh AR 2 -8t (paired) £4H4<,
Atk 7t Zpolo] thek AlTEAM L EPEE(independent)
AR ST BAA FFTe 5% nwe R
A8ttt

b

A7z

2 ATolA SH AT YA kAR 2E

QA oM ATFE FPsh= 65 T AA L

= B7FE W 1§ 2 Afel7F vEhA] ekske

, ol & Aol AAl gk A7 2 gAY &
= (compliance®t adherence)= 100%°1H, W
2] AAA EAL (Table 1)9l4 Hi nfe} 2}
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SLE #Es7] sl AREEA S AAg A3, PWC at
75%HRmax, estimated VOsmax, exercise time]
7%, THT Z2glAst Edloldd] ot fofgh S7Hz2t
9.73%, 7.69%, 11.30%)7} YEFtCm | estimated
VOy at 75%HRmax+ INT9} THT & E5lA E
glojdel o fFold 7P dEweH, S7kee
[HT 25l Bop 2 43S BATHINT vs [HT =
3.50% vs 6.44%) (Table 2).
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Table 3. Change of anaerobic exercise capacity via training
in INT and IHT group.

Table 2. Change of aerobic exercise capacity via training
in INT and IHT group.

Group Pre Post F-value Group  Pre Post F-value
oy 1699 1785 Time o 2L521F np 7048 7488 Time 8488
PWC at +62.0  £58.1 PK- +184.6  £2363 G 1.236
75%HRmax Group .004 o Toup
(watt) 1645 1805 Time 797.4 888.9 Time
: : HT 1.046
HT 463 463# xGrowp 1230 £1925  4238.7#  xGroup
Ti 22.626* 417.3 4254 Time 1.092
Bimated  INT 333 37 o INT 1064 <1043
VO, at 9 0 Growp 417 LPk- : 3 Growp 665
7576HRmax . AnP 4525 4664  Time
mL/ke/mi 32.6 34.7 Time [HT : - .
(mlkg/min) T 720 It xGrowp 1425 w857 845 <Gowp
. INT 48.4 50.4 Time 26.742%* INT 16962.7 16890.7  Time 1.231
Estimated +72 +6.0 G 497 TW- +3980.8  +4206.0  Group 264
VO,max Toup . Anp .
(mL/kg/min) 455 49.0 Time LT 17701.4 18365.8  Time 1.903
HT 55 608  xGrowp 2238 +4339.1 448017 xGroup
. Ti 1.389
it 8145 89 Time 2N INT :l:5 16 35247 :i:s 16 j | 12 o
exercise time £1268  £111.7 Group .198 i/li) : ’ Group 256
second n ;
(second) 8153 9074  Time wr 000 6122 ime o o,
IHT 2.692
+91.1  +743# xGroup . +144.6  £160.1  xGroup
1 %
*: significant interaction or main effect: #: significant INT 403 41.2 Time 6.707
difference between pre and post in each group; f: I 6.8 9.4 Group 3.034
siginificant difference between INT and IHT group in .
. . . . . 42.5 49.6 Time
each time. INT; intermittent hypoxic training, IHT: HT ) 628 G 4.059
intermittent hypoxic training, PWC: physical work . . Toup
capacity, HRmax: maximal heart rate, VO2: 5.6 5.6 Time 5.237*
. . Lactate INT
maximal oxygen consumption. i 0.6 0.7 Group 3.101
after
; 53 4.8 Time
— = €xercise T 6.932*
FULAN RESHO Hig) +07  +0.5%#1 xGroup
~ *: significant interaction or main effect: #: significant
. ﬂ:ﬁoﬂ}ﬂ Z]l- %73 oﬂ}qg] INT :L%‘Tﬂr IHT :L'E‘g] difference between pre and post in each group: f:
6377t Eflolyd wWE FAAA SEEo WIE siginificant difference between INT and IHT group in
Al each time. INT; intermittent hypoxic training, IHT:
1 - intermittent hypoxic training, PK-AnP: peak anaerobic

J o
st olol % gl £ 1”°ﬂ e
a7] 98] TR S AN A3k, Al

INT 253 WudS o, [HT 28A ¢ &
UebAtH(-14.29%). PK-AnP$} FI9] Z$-ol& THT
agFolAEE Egoldel o3t fojgt /b YTt
(247} 11.47%, 16.71%) (Table 3).

power, LPK-AnP: lowest peak anaerobic power,
TW-AnP; total wok anaerobic power, M-Anp; mean
anaerobic power, FI; fatigue index.
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et al., 2016a).
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A A (exercise economy)9 73}, HlEl-ol=dd
24 (B-adrenoreceptor)ol] gt ¥ WAL

o og AA7|Ee Aslel o] & B3 2H o2
F&(blood flow) % dHFA8(hemodynamic
function) s8¢ $7F 5= FEstd ity 55
25 A171M (McLean et al., 2014; Park et al.,
2016b; Roels et al., 2007), o]¢jol|= 29| 4t
Aole5E o g (Faiss et al., 2013: Galvin et
al., 2013), Zstd FARAG dyA 35 9
(Katayama et al., 2004), 83&A TF"ﬂ o gt 141” =
7HHamlin et al., il
(Park et al., 2016¢) %Oﬂ ofs) FAtaA $EsEs
FeAIvaL Hasta gt

Yy [HTE &8 AL 9 B4R &%558
P flai = Edlold Fe, &, W, 24 3 AL
&8 20, Aese] A71Y, Ao B 1 A4, A
gAY, Tl dn & 59 thst W EAQ] SHol

AEolAl zelE ook dttn EJ—O}T— AtH(McLean
et al., 2014; Sinex & Chapman, 2015). Ad=
Y E M4E ez 3 HPdTo] 237} ol
W EA Abo] & Qs 344 (Czuba et al., 2013:
Mao et al., 2011; Meeuwsen et al, 2001) £= F
A (Kime et al., 2003: Ventura et al.2010) &2
WAL e AFelw, 3849 A7Z234E Eag A
YFAFEL Ak 3z 3,000 m(14.5%0,)
ooz YF AstAU(4,000~5,000 m 4HILE)

7|7ko] 47 o3} e A4kA A FH A|7te]

60% Uz UF &2 A A4

ojo] £ Aol MPAF(Hamlin et al., 2010;

McLean et al., 2014 Park et al., 2016a)°llA #|
tet 7lES HiRCZ 3,000m AHAsAE B
(526torr) el 653k, F 33, 80%HRmaxel ald s
= Ed=d Z]-.'r =% 302 90/HRmaX°ﬂ e
HE AHA QY &% 30%(1038): 28 &%, 15 &
2o 9 Edlold 8 M T ‘E}'Lﬂ FEA
o] FARA 2 ALY SEegd A= 9

-
P of
= ook

M e o®owo

q
T [e]
AESAT. 28y B A= JdFEe|»
2~X Z(team sports) %EHE THE FYte 79
'r4 £ 3 shve] 4 ] ofd ¢ig Zgst A

0}04 éﬂroﬁ Aell 3
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i}% UE?‘f} Kime et al.(2003), Ponsot et

al.(2006), Ventura et al.(2010)%5< A+& 19
0}04 2+ A7E FIYsit

O 2% A4, AR $Esdd #Hste] PWC
at 75%HRmax, estimated VOsmax, exercise time
o] % 673t Edloldel o8 IHT ZEollAw felgt
37k Yehlon | estimated VO, at 75%HRmax
BE Fofd 7 YERIAIRE, INT 2+
o wgs o, IHT 25elA o B2 37 43S B
Ak FH EF AFAHAE o] &3 AYAF S v
o, & AFXE Bee] A&F Jeje] v AL
stal FAAe AAka 3 Aoz Qe FAA
H}E Hudk Kime et al.(2003) 2 Ventura et
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Park et al., 2016a; Rodriguez et al., 2007), &3}
2 Wel-oleyddreA4 (e & B-adrenoreceptor)
o gk wh-go] WztE gitel ofg 3] (venous
return) & A9 58 738 (Park et al., 2016b),
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