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HWE.BHH WERE R EHERSRFRMEASIE(MS) BH 284 2T FR(HRV)M R, J7i% ®REK
A MS #F 126 6] ARBANLLE G o HARIE E 4L P IR E R SR E A, & 42 4], BT AR 4 AR
[ 3% B 4 5 kB 3, el P BGE Zh AT B HRV #6547, SR D& LFiE 305 Bp 2 &K, 2% 2.4 30 min 4%
18 L, iR EA AR 2(P<0.05), 1K3% 4 HF 5305 Bp ) L1, P 3% % 2040 3 3% 5 2035 ) )5 BP Z) P4k
(P<0.05);@%-28 SDNN &30 )& Bp ) T M, M 2 40 30 min M4218 B+ f2b4 £ F R4 it 3 & L(P>0.05),
&-28 RMSSD i& 2 & Bp %) £+, 295 38 30 min P12 BAk( P<0.05), &21 PNNG5O &35 B 4] T %, 4 AL
#7130 min A PR E L Fe SRR LENS LA, MAKIR AR T (P <0.05); @) & E A Fe 5 3R JE LB FH S L,
HF.SDNN.RMSSD % PNNS50 %2 h 37 9t & , LF/HF 4512 3037 MeAK,, B 54K3& F 210k, 2 F 3 H 4 it 3 & 3L
(P<0.05 % P<0.01). 451t 4 B P& EFo 3R 695K IE 3 T AR E MS A B Z 6 HRV, mAKi% Z 69 3 ik
E# 3 HRV %A RA .,
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Influence of swimming exercise at different intensities on
heart rate variability of adult with metabolic
syndrome in quiet condition

Yu Dong', Guo-wei Xu?
(1. Beijing Institute of Petrochemical Technology, Beijing 102617, China; 2. Department of
Sports, China Children's Center, Beijing 100025, China)

Abstract: Objective To observe the influence of swimming exercise at different intensities on heart rate
variability of adult with metabolic syndrome (MS) in quiet condition. Methods A total of 126 adults with MS
were divided into the low intensity exercise group, the moderate intensities of exercise group and the high
intensity exercise group. All groups were given different intensities of swimming exercise training for 4 weeks,
and the HRV indexes were compared between before and after exercise. Results The LF were reduced on the
training instantaneousness, and rose slowly in 30 min of recovery time in the three groups, and the most
obviously rising group was the high intensity exercise group (P < 0.05). HF increased in the low intensity
exercise group, and reduced in the moderate and high intensity exercise group on the training immediately
(P<0.05). The SNDD reduced on the training immediately, and rose slowly on recovery time of 30 min in the
three groups, but there was no statistically significant difference between the groups (P> 0.05). The RMSSD
rose on the training immediately in the three groups, and in 30 min of recovery time the RMSSD rose slowly
in the three groups. The PNN50 reduced on the training immediately in the three groups, and in 30 min of
recovery time, the PNN50 rose slowly in the moderate and high intensity exercise group, and reduced in the
low intensity exercise group (P < 0.05). LF, HF, RMSSD and PNN50 rose and LF/HF reduced significantly
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after exercise in the moderate and high intensity exercise group compared with the low intensity group (P<
0.05 or P<0.01). Conclusions The moderate and high intensity swimming exercise training can improve HRV
in adults with MS, but there is no significant effect of low intensity swimming exercise training on HRV.
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TR W A B, DT T B A P HERR AR T, WesE R
R, 0 FAR T (heart rate variability, HRV ) /248
BUGOBEIE] RR IR0 MR R LSRR R A 3
P25 22 G0 28 A 22 0 1 5 A A e e B HP- i
PFROCER , BLOIE ARG RERE 8, kA £
P22 R G AL TR A w0 M T R RS, AR S
THINIEREERLN S, WA Bz s B8R 1
REA, 38z s AR , L 3 B AR (Rl . F5R Pk
P, A (938 3 % HRV S0 A 7], 764 iz 30
T TG Z N R, 2 s B AR e R A B 28
MESEOL B, £ 5T 40 ~ 49 8 WPk Ti8 3 T Hin] LA
ARYGE HRV K. HHET, B P 8 s sl i
U HRV KR 24 h Trh2dE AR, Hiz
B A —, sk Z EX T L Is SRR ARE
FHOCHFSE o FRLIL , AR5 3 B R 25 B AiF (metabolic
syndrome, MS) i 4FE A 58 X 4, SEEAR [A] e vk iz
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1 ABSHE
1.1 —ER

VEEUAT A MS 2 WibRifE A AR A 126 1], Horf,
Bk 67 5], Lotk 59 fl; AFEIE 20 ~45 %, FXy
(35.44 + 4.16) % AR AL S5 P43 M AREERE 4 |
R ELH N R EELE L & 42 1], AN AKRITE : MS 12t
56 2007 4 E PR IR IR A S 2 Wibn R Dk 3
A AR ER S ; @QICHLALZ 8 > B EE 0, R 2%
ft By ol 2545 s O RIXHBTHA >6 1~ H o HEBRPRE
il 2 JH A 208 MY QT M2 I b R
et PR BR 5 R P U 5 @& T4k Ak e il LR
B R =0 o= 99112 N e I ) 1 | A R S|
P A B AR AR BTHE %X (body mass index,
BMI) X HE B HL 8%, 22 R RSt 3, BAT vl Lk
(P>0.05)( W3 1), AT LAACEEZ: 5L 2 H %, AT

F1 HSHELERMEEE (n=42,xzxs)

215 Bil%x RS 1 % B Im PR /kg BMI/(kg/m?) JEEFE] fem

i 21/21 35.71+4.22 1.71+0.43 79.21 +3.45 27.08+0.86 94.10 + 10.11
P 22120 36.25 + 3.81 1.71+0.17 82.62 + 4.00 28.25+0.48 93.57 +9.34
TR 24/18 35.41+4.58 1.74 +0.25 80.50 + 4.52 26.59 + 0.87 94.41 +9.25
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1.2 FHik

121 mahEm WG A IS5 WT 53 8 AR B
4 R MR R AL, A% 42 B, PRSI bR 3
RIEATIE WL PEWEUKAZ 8l , 12 3l158 B 8 5 08 (heart
rate max, HRmax ) 50%, 1 ¥K /d, B 24 15 min, iz
Bl B 0 T AR S5 [ 38 Bl B 2 2 2 B 0 B AR
N2 Bl 3 9 3% - D35% ~ 54%HRmax A {IKam &
16501 ;@55% ~ 69%HRmax Ay H ik i1 5l ; 3)70% ~
89%HRmMax & &5 B ; S0 Z N 220 YK /min, B
B8 BI85 24 hHRV 817,
122 Z#H 7% %43 didE ks sha
Ja , BDFF et T A A 4 J8 A AS )i B A ek I 225, B
iz S BETE BB R B S N B T o8

o R T RAWEKIE AT, 8 SR RT AT 5 min
MBI Bl , 18307 ZEREL 400 m [ F kAT R 25>
F1300m [ vk, 12835 TP 3 R HB A
FH K 100 m. iz A R 3 K, B 60 min A4
(LGB TG S AL PTG 3h) o M fe s 100 m SERYS
BIZI) HRV, BV Z W (12315 1 ~5 min & 30 min
JE ) HRV, 55 43 5% BT A3 56 i 21T 24 hHRV
s, ISR AT 518 5w i £

123 BEE5IEAA RS BB = B
1 V5.V1.aVF SECid sk 4s (3EE GE AH]) #17
HRV Kl o 433 5 45 4535k 53 A 35 A5 A 451 07 2 (low
frequency,LF), 4 Bt 0.04 ~ 0.15 Hz; & 4 21 % (high
frequency, HF ), 55 B 0.15 ~ 0.40 Hz; {8 = 4 D R 1Y
P (LF/HF) o 3 5 B8 23 A A5 2 30 IR H RR [A]
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WA 19 bR 2% (standard diviation of NN intervals,
SDNN ) ; #H4E RR [H] 1 25 {E X5 77 19 J7 # (root mean
square of successive difference,RMSSD);#H4E RR [d]
W22 KT 50 ms B9 H o O Bk RO B 93 T
(PNN50),
1.3 FitEFHE

BB TR SPSS 19.0 Giitai it , iRt
PR + bRifi 22 (x = 8)FR , FEIEAS A0 19T 2 B k)
DL A7 55 (DY 47 #E D [M(QL, QU)IE R , [Rl—2H R
(7] s 0] 5040 L e R HH i A T T+ 1 O 259300, 2
H TA)B5CE LE AR B8 3 22 43 B, 28 18] R 7 LA
RHILSD-t 56, P<0.05 h 2254 Gii =43 Lo

2 #R

2.1 FAWREH HRV USRI
IRAT G 12 2 R FR 52 B 4 Ji1086

HG  BAGEE 120 fl. i hJE 454 LF BPZIFEAIR,
TEPRIZ I 30 min PN T, s B 2 - T e B
W, AR A G 2FE L (F=9.433.6.818 % 4.011,
P=0.000,0.019 }% 0.040) ; iz 3l J5 {isE B 40 HF B
T, TR R 2 A R B s B s HF B2 R
TEMRIZ ] 3 min PNARERJE 20 AP sR B 4 HF 2218 F
K, mom Al 218 LI A2 R gt B L (F =
0.588.0.417 }% 0.913, P=0.805.0.837 /% 0.689).
K1,
2.2 RAWREE HRV FHIFEFRIITL

WMEZ 4541 HRV B 48R B3, B354 4
SDNN RPZI ™[5, ek 101 30 min (NZet8 [ 7t H LE
2RI FE L (F=0.220.0.180 X% 0.371,P=
0.558.0.312 }% 0.623); iz3liJ5 4541 RMSSD Hj %] I
T, DAy s B 20 B o0 B 5, 7EVK 31 30 min N &2
T F&(F=11.276.8.465 }% 6.818,%] P =0.000); iz 5

400 7 155
350 7 150
300 7
250 - 145
£ 207 — g o7
= o B 135 -
100 - rhsi i =
50 - R 130 7
0 T T T T T T T 1 125 T T T T T 1
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
1:3E 8013238805 0% ;3:1 min;4:2 min;5:3 min; 6:4 min; 7:5 min;8:30 min
1 KAMREH HRV SIEIEIRHTW
120 | 70
100 | 60 ————
: @] o] /=
> 601 A/ /e
740 — (N Z 5] ¢ {3
201 — hiE 10 — i
— TR 1 R
0 T T T T T T T 1 0 T T T T T T T 1
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
0] —
8 - — PSR EE
s 7 T N
z 8] JFi 420 PNN5O RIVZIREAI , LAy ik i 20 e W 4, 74K
& 4] 523 30 min P F R JRE 2 g R R 4 2 LT A1
2] s SR JE A FFLEIRAR, R R A A (P =6.371,
0 —— 4,052 J% 3.174, P=0.007.0.036 & 0.045). ULE 2.
1 2 3 4 5 6 7 8

132315238805 R1%053:1 min;4:2 min;5:3 min; 6:4 min;
7:5min;8:30 min

2 BHEWEH HRV FHIIEFRAI TN

2.3 &4 4 FEFEIE HRV Susidstri0 i iR
Rk

AL AE BRI AR AT e bR LA, 2 7
it X (1=0803.1.159.1.930.1.636.1.820 }%
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1.770, P =0.401.0.250.0.188.0.230.0.299 }% 0.107); SREAH L, R A GiTFE X kR iz
e g 3 2 I i 438 8 5 LF JHF .SDNN .RMSSD Sl J5 &4 6 br F1 B S 6 b L3, 22 S G032
J PNN50 %1z gh R 7+ , LFIHF &3z shai ek, A =N (P>0.05). WL 2,

®2 {AABEHEE HRY SUEFEHATEIRM TR LS (xxs)

e 4 WdE bR B
LF/ms? HF/ms? LF/HF SDNN/ms RMSSD/ms PNN50/%
(S Y::S
BEIRT 20020 266.20 + 92.42 141.40 + 52.19 1.88 +1.77 102.34 + 34.15 21.39+9.17 4.11(2.24,10.00)
bevs)) e 299.17 + 100.34 155.62 + 55.71 1.92+1.80 109.25 + 35.23 25.90 + 10.44 5.27(3.15,11.46)
R
BEIET 22/20 266.80 + 94.51 146.31 + 64.11 1.82 +1.47 104.26 + 26.77 22.34+9.11 5.13(3.87,11.13)
B 334.30+127.20Y?  179.20+70.30Y”  1.86+1.81"?  12653+30.20"?  29.10+9.72"?  8.37(4.62,14.00)"?
[T S
B8] 2117 273.58 +95.19 145.44 + 60.57 1.88 + 1.57 103.55 + 27.49 22.12 +8.79 4.75(2.72,11.04)
B 419.23 + 1256329 334.85 +100.42"29  1.25+1.25"2% 164.23 +31.23"29 3452 +7.41"2% 11.12(5.63,18.79)"??

D)5 RIAINIE 3hET L, P<0.05;2) R4 IE , S50 B 462 sl e, P<0.05;3) 5 #4132 3h 5 %, P<0.05

3 itip EFF, R BORTEE BE BN, 2 b

b e e et T LF RGN T HE AR RG22 5, AT A fig
) ﬁfﬂi fﬁﬁ H:E gﬁ*ﬁ?ﬂiﬁ@ﬁgfgfﬂ; HF 16722 S0P 45 25 LA PR 250 . 40 ASTRSE
o LR IR L L A SR e g R U R B WEHGE B B %) HRV
B 1 I DA R 7 o 5 B A ™ B M LA f IS S T B AT B
R 4 6 PR A T , e 2 7 A b M T S B 4 1 SDN;* 3iE R &’iﬂé i;;%}& Hdoh F
PRI PR R R IR DI e :;q O
o D }Fufﬁiﬁﬁﬂgﬁﬁzmﬁé Ej{*j’j T I F ML R G s = Pk R R =+ ) 5
ORI AL LI 2 IR o j? RMSSD . PNN50 7= %5 fiz it > AR S M (g e Az £k, HD
SO, MS A IR A B EMEINEBER  HRV BUE e oo 0N e AR, IZRI R
OB, BEAERFZCOA N, KR 1A 0 3) -

G e D = U, 4541 SDNN iz 35 BRI %] R, /e 52 191 30 min Py
AN MS 8 08 RIS R e 1 s 4 o RMISSD 2 HE EDZ 15
TRIT T WETK R B 5l 2 K AWl 1932 215 H i, ’

R LA LA ), FEHCE 0] 30 min (2B TR
2013 AF P BRSNS S HIRITRIMS o0 o pNSO 12 )5 B2 T e, D 1 40y )

e iz (BRI TASOITE g ey 30 min p e e 41805 5 41 2848 1
P UL TR S HOWAOUIAREED gy e gtk R 2SR DI )
AAERIAIE L B2 R | SO0 1A H 25 A OB o i
LF SOMSCREMIZE R E SIS R T8 BRETL s gt 5 g1 a0 U D25 T PP
IR TV i SRR MTG ST HE IGASER o g et o ey S 3408 0, 5802 35 11
ZRES) SR CRATTA G IFEBEL Y ok s T g ek e e
SEIREANZE 5 AL FIS , LF o330, HE Bl o201 MELANSON 25105 4R34 K 36.6 %5 Y 11 15554
HUOERRZICHTIN AT E LR SOMD HE ST g kst AT 16 JEIHORSHRE (80%HRR,3 7 / Ji,
e AT A, AEBURSE R H A R BEEWFIKIZ ) 30 min/ Wk )iZ2h T, 45 R R0, iZ 3 T4 12
Jrr B2 LF BEAIE, AE0KA ) 30 min P9 1 TH 64 mpy PNNSO . RMSSD 725 52 3 B A58 & B,
R B TR 5 o AR R B A s Bl s rhi B 21 sy 5 4132 3l 5 LF  HF .SDNN .RMSSD
RPZ) HE TR AR I MAEME I 30 min (N 1% PNNS0 #5638 F BT TF 5, LF/HF 5558 Z R A, B

SR BE AP oR B HF S22 T I, SRR ZE SRR g A A 22 5, (IR 13 4132 B i S 4490
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RPN S bR A TC2E 5, U 4 S v B Ty
S EEZH [ FE A2 O NS RE 4 SR )
AERI 3%, A0 I R A IR AP 2 X4t PERE I, 37 4 J&
588 JIE R R iR JEE P VDK 2l ] AR MS R R Y
HRV, i {F38 A3z S HRV JCRE IR , 21y A0
WF 5N R, 12 A IG5 JE 1Y A %6002 3l J5 SDNN.,
RMSSD & PNN50%¥ 4552 sl i , $ 7 I B2 i
ARB B AE HRV IFEH, SAMI A 22 5%
S3HT IR R AT RE B s B (AN AT XTG4 i o B
AR 5. AWFFAER 128 30T A e KR i
HRV SERb (A S gAR &5 AR, 17 5Lz 2% 24 L pf
LR A SR SR . SN B R E st T
Tz snR g iz dhEn REU S HRV Y e 2]
B,

S5 TR, 4 JA b i R RN i 5 B iE Tk sh T
PLEk 35 MS AR HRV, TR BE BTk 02 30
X HRV SIS . MS B R AT ARE S AT
VPRI A AWK B o AH AR FE A5 — 5 A R PR -
BEAC T /IN R XHPE B 4328 AR 00 )2 AT A s R
S PSR BE Wevk 2 2% HRV Byek /e 4, Rk,
TP REEARE 2 KSR AT — 5T .
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