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Abstract

Purpose: To investigate the cardiopulmonary changes of elite
swimmers in one year follow-up which includes three different
training periods: preparatory phase (PP), competitive phase (CP)
and transition phase (TP). Methods: Total 32 elite swimmers (16
males and 16 females; 15 short distance (SD) swimmers and 17 long
distance (LD) swimmers) were recruited, and their
cardiopulmonary functions were assessed by wusing the lung
spirometry (Master Screen Pneumo; CareFusion, Hochberg,
Germany), blood pressure instrument (Nonin 2120; Plymouth, MN,
USA), and 20-meter shuttle run test. Basic data and
cardiopulmonary information including resting heart rate (HR),
systolic blood pressure (SBP), diastolic blood pressure (DBP),
mean arterial pressure (MAP), tidal volume (VT), force vital
capacity (FVC), forced expiratory volume in 1 second (FEV1),
maximal ventilation volume (MVYV), and predicted maximal oxygen
consumption (VO2max) were analyzed by three-way
repeated-measure ANOVA to differentiate the aforementioned data
in genders, competitive distances, and training stages. Results:
The results showed that (a) Resting SBP of SD swimmers was
significantly higher than LD swimmers (p<.05), and both resting
DBP and MAP in CP were higher than in PP (p<.05); (b) There was
no difference of lung function in different competitive distances
and training phases, but female swimmers had lower FEV1 and
MVV (p<.05) than male swimmers; (c) The VO2max of female
swimmers was obvious lower than male swimmers in all training
phases (p<.05). The VO2max of SD swimmers was lower than LD
swimmers in CP and TP (p<.05). Moreover, only the female
swimmers had lower VO2max in PP than in CP (p<.05). Conclusion:
This study showed the gender difference in cardiopulmonary
functions of elite swimmers; on the other side, there was small
dissimilarity between SD and LD swimmers. The cardiovascular
changes among three training phases were more distinct; however,



it seems that the pulmonary functions at rest stayed more stable in
the one year training cycle.

Keywords: Swimming, Lung function, Cardiovascular ability
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(=) 20 == = 37 53 B =&
OBl B Y R EE o b PR 20 2 % 3 iE 54 B

% ( 20-meter shuttle run ) (Legar&Gadoury, 1989;
Legar&Lamber, 1982; Legar, Mercier, Gadoury,
&Lamber, 1988 ) 4w @ 7 &2 B 8- F % F ¥ 3 3 FH
WA AT FEL 2 EE B P F R

=1
=
a

AR 20 2 g 4R T oA B e a7 E B
WA FEd s i test CD - X R HREBRLDE R I
B R SRR 20 22 T ER AT K AT RRSF
XEF ¥y Z g2k COEFINRE  FLFES

AT R R o X B E KRG 2R EFTE TR DR

I

PER s ks kB R MHEHEL LA 1 28
Bedp MoK RS R F O~ TR 2 N e R E S kX
G oa e

20 2 T E B R KA HEF E 2 2 0 VOmax =

ey

31.025 + 3.238 (maximal speed)- 3.248 (age) + 0.1536
(speed*age) (Legar,Mercier,Gadoury, & Lambert,
1988) » 4= % 1o
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% 1
20 > % 4 E §E S H Y i B £

Minute Level Lap Speed(km/hr)
0-1 1 7 8.5
1-2 2 8 9
2-3 3 8 9.5
3-4 4 9 10
4-5 5 9 10.5
5-6 6 10 11
6-7 7 10 11.5
7-8 8 11 12
8-9 9 11 12.5
9-10 10 11 13
10-11 11 12 13.5
11-12 12 12 14
12-13 13 13 14.5
13-14 14 13 15
14-15 15 13 15.5
15-16 16 14 16
16-17 17 14 16.5
17-18 18 15 17
18-19 19 15 17.5
19-20 20 16 18

20-21 21 16 18.5
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e & plEHPFR
AT BT R E o E E 103 110 AR P KB
MR B 2 RES RGP R A ERRE R R AW
Wis oo - EEAEY A H PRGN FH BN KFEY
- X R EREBELFET O AT
(1) 2" 5 & % B + 2013 & 2 * & {7
(2) v F ¥ & #l : 2013 & 11 7 & f5
(3) A # & B : 2014 & 2 7 i {7
$FI & FHRE
A7 3 @& * SPSS for Windows 13.0 % # % 3+ 4 45 #c %8
Mo SRR AT R AR R RS AE S 2
B8 E 8
PEAE S 2 R EY ZME MRS s PR
i FbEEFRACEF L 2RERFNERZ FAFER
¥ % R kA 0 &g Bonferroni 2 2 7 5 & v > ¥
FY A E 2 R REE 3 R ERZLBR o AW A N P kR
Ao g P 30T L R Rk HRiEFZFFERE KRR KA
1o FF M2 R & A ¥ = 0 Bl st 2 Huynh-Feldt #% 2 & v
o £ B o F F 3 FH F AR EFFEREELS (LT
FEAFESCR)AE B E At Y %R R E WA R R oA

* 3=

LS ”ﬁ o ’;"L 5«;’_

= ox R
F LR E YK
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SEE By uE

o AFFTHLR

BB E T A4 s E 3 oM 7 4 (165.53 £ 5.24 vs.
177.86 + 7.17 = » ; F=32.71, p<.001) > % € ~ ™ = § 4
(F=15.35, p<.01) > i %8 "5 % ¥ § > ¥ 4 (F=245.84, p<.001)
(% 2)-

e jE A iE £ o E # (19.27

I+

1.75 vs. 17.29 + 0.99 # ;
F=14.73, p<.01) # ¥ F ( 174.70 + 9.40 vs. 169.06 + 7.55 = 4 ;
F=5.34, p<.05) % < * £ jpagiF £ o

# ¢ (F=13.70, p<.01) -~ # 73 % F (F=21.15, p<.001)
BMI(F=7.17, p<.01)% 7 P& £ % > 2 ¢ 3 8 o8 £ & &8 7
YR F MR F S EAEY (£ 2) 8 Y 5 BMI B
R R R R A EY (p<01) feof b G oA b A

ke # (p=.061)-

29



% 2

P Rdiu] s BEMMAEE A PR ALTR

P RHp v P B
L i EpER KpEE O MN AfE FM GEpEp KRR M A 94 cepEdp RpEg AN
N 7 8 9 8 R 7 8 9 8 R 7 8 9 8 K7)
M 6LI3*  7094° 6866 6372 6608 6138* 7251° 6951 6468 66H4° 6235°  730R* 7000 6565 6763°
ne
kg) SD 548 986 1069 744 929 58 929 1044 82 949 580 95 1062 812 947
— M 2763°  13%® 1957 2129 2048%" 2008 1514° 2149 265 2210° 2043 1546° 2187 2% 24"
g
(%0)
SD 347 240 717 85 782 333 18 659 849 756 347 200 637 877 163
M 230 2B 24 w4 2P 2B/ s 2B XH X6l 2B B0 286 2N 28°
BMI
SD 174 188 204 158 178 164 165 176 157 164 18 198 211 166 185

RSP L LB HFLE (POL"E T LB HFLE (PSO0L) L PIAB I BB LG HFLE (p<05),

FHFLE (pROL) 5B FH2L B HFLE (P01 59" R A EH 2T
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¥ - &% wi g AP

s ow B S8 EHF RS PE S R F oo R BT
(F=8.58, p<.001) - @ d »>> jE g & pF i) 7] F 4 %

5 it % (F=4.61, p=<.05) # o @ H % 1 B » % & o F B
TR R E L P B R H R OE A F ML Ko S
(t=2.16, p<.05) ( % 3) -

4 3 & ot 45k B (F=3.95, p<.05)# T o # % B (F=4.64,
p<.05)% 3 m & £ & > H ¢ L FH HEKRBEFF O RY
2R FE W (p<.05); A b F o T s R BB R L F TR K
(p<.05) » i % 3" s 8 4r & i B % -k & (p=.051)
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% 3
P Ru o EREMAEL A PR v F Sk

BT o AR
R EEg KR MY 4P TP mEg LR MO AP TR mEg g
N 7 8 9 8 7 8 9 8 %) 7 8 9 8
bR M €% 715 6977 7121 7053 6034 6753 6683 6985 6343 6928 6306 6550 6676 667
bom) o 729 1023 8 968 8% 9% 105 14 879 1006 778 910 1166 58 8%
spop M W0 o6 47 o6 O% 19° %W OB O O WU UK B 9B 91%
) o 00 079 08 079 08 060 379 113 370 278 070 104 124 063 0%
sgp M L0S 100 144 1547 14% 132 157 1B0° U6w" 14§ W 152 1128 1B 1A%
(mmHg) o, 704 847 850 908 872 2445 2025 212 1980 212 1B 147 138 137 146
ogp M 6187  673% 658 655 6460° 7078 698l 748 6674 7029° 6456 6425 6563 63 6A4°
(mmHg) 819 902 95 847 891 1497 1577 1797 150 1513 687 1087 847 947 8%
vap M 782 #4% 07 8079 8L2Y 8791 8844 BT  &15 I 808l 29 086 8B 8L
(mmHg) 689 831 8% 82 817 1776 1671 1885 1377 16% 876 9% 866 981 929

L UHR 5wl SpO2 3 § 4efr/k SBP A jcip/R iDBP 4R IMAP A TofRE A9 L B HFLE (pOB)° ARG K

FLP (P<O5) 5= BREH2L B HFLE (p<OB) 50 p e FH 2B HFLE (p<.05)
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FUOL R OFLE REEF AR S EFRL 4 S FEVL
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FRu s BEREMAE L AR PR R

29 L2 B3 HFALE (p<05)

34

T R ARH
ENT S 4 CEER REEE N A 7 epEp RpEp M AP i EEp RpEp 2
N 7 8 9 8 R 7 8 9 8 7 8 9 )

VT M 086 128 116 0% 106 086 107 089 108 0% 081 110 0% 0% 0%
() D 043 058 062 046 054 0% 0% 03 037 03 027 057 057 03 046
M 1817 175 172 1846 178 1577 173 1738 1579 1653 1600 1691 1626 1671 1650

BF (bpm)
SO 476 3% 464 406 431 483 412 471 453 461 33 590 458 49 472
AC M 387 53 482 440 450 4 527 484 448 464 400 520 487 445 464
() D 035 102 126 084 106 036 094 117 069 0% 033 0% 115 073 0%
FEvi M 347 a4t 41l 384 3% 366" 442 415 394 408 366" 446" 420 38 406
0 D 08 06l 08l 063 O7L 0% 064 066 058 06l 026 052 058 0% 057
FEVRVC M 98 8400 8817 &73 8275 9131  BAS5 8734 8345 &7 042 842 §710 8T 56
) s e 712 93 60l 773 5% 963 1046 680 85 487 828 94l 578 756
MV M I8LI8' 17319 153 1042 15218 12830°  16683' 15668 1360 14761  13891°  16358° 15228 1562 14874
Umin) o 136 2663 3043 2988 2079 M5 2472 269 406l 3B 1666 056 258 21 2378
3L UVT 505 B4 BF Sefeaifd s PVC A9 8 s FEVL 55— ki 8 FEVI% 58 - 4 o2 § P 4 o0 2 g e A B MW kg adki
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Ao MR R RN R Ak S

=k

3% 30T

(F=3.75, p<.05) > & A v & B % 1 & »c % (&4 > % B~ B iF 2
ko < FOE AP R (t1=2.29, p<.05) ~ v F H  (1=2.57,
p<.05) 2 @ & ¥ (t=4.94, p<.001) % ™« § B F £ ; b pF &
i S ey hbk &y E F R FY (F=4.29,
P<.05)c v #t > mE B £ hh <y £ A 2 F W (12270,
p<.05) ¥ # & ¥ (t=2.60, p<.05) % ¥ m » £ jpagpF = ( %

4) -

% 5
RN EEREMEAELAEFFDELEFE

B+ #%&§F £ (ml/kg/min)
4 7 B & E A % I A E 4

N 8 8 15 17 32

S ) 40.04+5.70*° 45.00+6.50* 41.11+7.16 43.76+5.82 42.51+6.51
o 41.17+44.53%° 45.13+4.16° 40.96+4.44° 45.09+4.19° 43.15+4.72

# g 39.2144.62° 47.28:4.62° 40.94:4.91° 45.6846.17°  43.2416.12

o R AT L2 B EEALE (p<05); "R A2 PG ¥ LR (p<.05); & %

PR L FH TG EFLE (p<.05)
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LR - i

F oA " oM k¢ oA ¥ o* 4 (drag) o i s ¥ B PF
AoE B A IR o om ok P g R fF % 4 g B 3 B i o 4 F
¥ o vy £ g 2 2 4 M (Wells, Schneiderman-Walker, &
Plyley, 2006) - & ~ & i B A 7 i % % A £ £ L B =&

= T S I R A TR ) ¢ - SC N S e - S~ N | Y N .

<

Moo @ Mo SR 3T M RS AE L E @b
AN ERERE L FM kS o P RY A E - M s BMI

IR g

=

w4 4

F_&

9*'&“aliﬁﬁﬁi%1%%§i'liﬂ’ S
&

Be (2014) # % 2005 % 2008 # B + T 32 ¥ 3 -~

&
fuge

A2 T o Vg R 19-30 Kk 2 F L3 wF (172.4
+0.8 vs. 159.7+0.7cm )~ # &£ #& &£ ( 68.1+1.6 vs. 55.0+1.2 kg)
B org % F o M (19.7+41.1 vs. 33.2+1.0 %) % * @& F K
(2001)+ % T > & ¢ B 4% 9 %A F £ 3 B F PP
174.2 vs. 164.3cm )~ & & 04 £ ( 67.6 vs. 57.7 kg)

~ & 3

%
'Q

Mo Rl g s (14.2vs. 23.2 %) A A By o+ kOB E A

o]

S Ly oy LR

Bth s A TSR E L A R B R s A U
13.34% ~ 15.14% ¥ 15.46% > A > M A F £ 4 2 b BFH 98
gk & o W 5 27.63% ~ 29.08% ¥ 29.43% - B R &2 iF 2 &

- Ry MBI HAE LR RS R

b

1
ARG kR
h

W v % (304 B S F & 0 2001) ok B b oM pE g £
W v e S R oo B f A R E R R R
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79 ME £ 4y 4 #F 4 (McLean & Hinrichs,

PRY HR L B FREE R FDENED RE K
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» 2008) >

X
5 ok
fok @

1998;

R TR YR PR R R 2B MR s R

FEMHRL(E & F 0 2003) 7

oA R ET RS A @ E
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Bor 9O e g £ ¢ E & A2 18 K ht 6] L 88.8%
(16/18) » £ 3 F £ ¢ Bl 2 33.3% (9/27); & *~ |4 & §r 3 &
£ ¢ F & AL B 18 ket b L T72.2% (13/18) 0 £ e iE £ ¢
Bl 5 44.4% (12/27) (F 2 p kv 3@ v F > 2014) > W T &g

'

TR RA RERFAEL G OREIEREE S E AT
ot A R A RESIE TR EIEERE L TN R
FHERE LR AR ESLLE T R Ld N HARERLR

v

B oom @ R ETEH H R R FFLHRLE DR
3o @ FE L o o A R k(32 < B 2000) -

LR oE R M E R € B FAE R LA RL LB (Wells,
Schneiderman-Walker, & Plyley, 2006) > & & =0 ¥ F &2 & £
SRR SR = F kg e e A 0 4 gk R 4 3] g (stroke

length) » @ & 3 ¥ % &= S BRI A BB EE (pod N

o
¥

Mgt e et ) A g R B d e
BEAEE S £ 3 R A h b A (2 % R AN 1999; 3 4 g -
® 40 2001) F AR F LR R B R RE R FAE

L0 R R FR A F LG oA BRE
s om F R

% Popo (2010) 2 = & i % 25 A E £ 4p B o0 A R B k0
AP FRITFFDRFER - FRBE LR F DTS o
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o3 % 0 2012) & Perini ¥ (2006): g 254 #E £ A F F B
B
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BTz ) s BB g B2 ’%ﬁm?ﬁé%g‘;;'

EH ~
wR
5

A EFROXFRGREFERIE & WL HT
gV FF A REF K AL E T EFL R E LR - R
A & Perini % (2006)4p H B @l (v FH A B EFEY ) L
T ET R R FREF LR AP ADRY PR
oM % # L R NP RBET i AT F D R
A

R AANEAESEH N BRI GEREEN
cH I RRZ BEY L BROEE L (LS
SRR on AR RS E LR
LTI A SR
WEERE S DX B RER T A
ERFEEFRNEN S kAN f
BE B : TR G EE SO RE R
o b > Perini % (2006)4, ¢
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GRS
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Fl 5 ‘= JE 4 iE
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M E BT i o E A

FoARME > P W A W E AT R e BB LB

Wallace, Anton, Goelz, ¥ Sougiannis (2012) % | * & F =
g T ’?iﬁ;sﬁiﬁi,@'ﬁﬁiﬁaﬁﬁi X B M T o AT s PR E
Pk BRAPFET L FRA DAE o FY AR XER

= BV oM ARG koSG A E S R K P E R dp R (Popo,
2010) - fe v S R R AT R - A AT ow Rk B8 X B
X F e BRDOREE
LSS

Mo E R A LA R R L e b} b kY s iF
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4L

e Bk s o~ e o 4 s v 48 X ok B o B (Wells,
Schneiderman-Walker, & Plyley, 2006) > & & 5 3 »c i@ * 5

bl

mﬂ

e JFOMROER o B G fhfie & o A B T ML R IF L E % kK
2 R R e L B M o Al A SRS S N | S L S T
S F T AF R ERSFDH LR DR AR LR
§ HiE £ 0 FEV1I &2 MVV v & ¥ 3 > 4% 1+ o

# Wells, Schneiderman-Walker, ¥ Plyley (2006) %
BEBAEL I RAFERODFTREY 0 FBEFAEL €K
e 'Fi*ﬁﬂg“*i’é?-i‘fi‘%;?zfléi’& (ERE - 2 S B
2 3 %4k (2005) 45 4 ¥ 4 B G B B A L |
HZ2 3 &2 BB TER FRL > F W ELT LS RS
e d A R bR AT S SR RS ERR
2o TR F AK L B TR S AR NP g R FVC
Mow £ B g AR A FEVL 2 MVV % 1 7 % 354
£

3

re %

Ea
%

&

S 9

+]

NP
PF

24 El
o

A g hEE -

P A AR F PR R B RS v L B

Pl E vd s ve 2 BLo 2 0 3R B w AL B A 0 R

g@g\é;’li,]iuip;\g%,%};%_@cﬁasmgﬁgw ggp“géamps(

FuN g PL N B A v g e g Ve 4 (R D o3 % 52012) 0
Lemaitre % (2013)4F 4 »* w vvmf 4 20 ¥ & 45 25 & 5 £

BEFRAEL a4 DR B F R ET
¥ ¢ FVC ~ MVV ~ ﬂ@@m%%&ﬁ%ﬁ\»%ﬁw et AR

# + & FVC ¥ FEV1/FVC % &2 % ¥ £ 2 & > N P jo &%

Fl s § M FAE £ v a4 B w4 R dF s AT 1Y

FEV1 &2 MVV Bl 2% * 4 p i = & BFif 5 & i c0 & | o
Reis # (2012) 45 & 100 & 200 = = i % 2 /& & £ & i
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W R ,?,};,{200 Now oA £ o4p % 100 & o £
B §F R o Ra 0 3G YR FEFE
WMz A E S > BRI AW E SR Ae o NE KR T
BRI AE L S O AR F LR LA kS Lk
F Edry 224 - ¥ o AT G ARG R R L ELFE R
LSRR F g % FAER Y SRR A R T T R
BEEHRI PEREHFAES 2L LE -7 G 70 LT F R =

ER R
(50/100 = = )~ ¥ §E & ( 200/400 =

=)
W
bt

B OE R ot R R T R F o YR
) & £ §E & (800/1500

SO MR LERFF A AFRLA RGN RS

o+

4
~

N
C

A F LR

2wk F 5 R R oo w4 P B R foB iR
¥4 (%@ E > 2012)- Kippelen # (2005) i gip 7 2
B A2 EL - RN F R R EY SR
i h B L2 4 > g R FH (5.89 £ 0.14L) 4 FVC ¢

4

2 B (6.12 + 0.17 L) & %’e‘wﬁﬂ (6.12 + 0.15L) * ¢
ff ® ; @ Denguezli % (2008) » F 2 M & - & ¢ 417
o (RA#ERY ~ FadprFdh) @ o T A g D
FVC (4.85 vs. 4.97 vs. 5.04 L) # FEV1 (4.18 vs. 4.39 vs.
4.90 L) % X3

?

AL

e EF LR oom ABE AT RERBEFRMNAE
Pl RiEE g F LR T T PR <

2 E
T E R E 2% # i % #%(FVC-FEV1I-FEV1/FVC & MVV)
ERBTDH BFP EHRFVRFY FHoa PR o AR
£ =

¥ L
By E R b REEFERE SN R % & Ed R A -
=

45 6% » & a0 A g A
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WAL BRRFAERTD G RE B ER S e

Wor i R R W Lt FVC A (% 6) @k F

N
iF

£ & FVC 22 FEV1 P % < > Armour, Donnelly, ¥ Bye (1993)

% % iV o EF 5 Armour ¥ (1993)#r i v % x § B

34

® ® ¥ 5% # o Wedge bellows spirometer » s ST

Ak
~m

5

FRMT N LT R P AL R E MR B

21

AR R B A E L 2 e a0 £ R kg

—_
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