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A Pilot Study Examining the Effects of 12-week Tai chi Exercise on the
Activity of Autonomic Nervous System and Risk Factors of Metabolic
Syndrome in Patients with Metabolic Syndrome

Kong, Kyoung Ran" - Lee, Eun Nam? - Hwang, Hyun Ju”

YGraduate School of Dong-A University, Busan
?Department of Nursing, Dong-A University, Busan, Korea

Purpose: This study was to examine the effects of 12-week Tai Chi exercise on the autonomic nervous system activity
and risk factors of metabolic syndrome in patients with metabolic syndrome. Methods: A single group pre-posttest was
used. Subjects were 16 participants aged 51~71 years with metabolic syndrome. All of the subjects were met the criteria
of the National Cholesterol Education Program -Adult Treatment Panel Il (NCEP-ATP Ill). The Tai Chi exercise consisted
of 19 movements from Yang and Sun styles provided twice a week for 3 months. Metabolic syndrome risk factors including
waist circumference, blood pressure, glucose, triglyceride, high density lipoprotein cholesterol (HDL-cholesterol) were
measured. A heart rate variability device was used to measure the activity of autonomic nervous system. Results: After
12-week Tai Chi exercise, systolic pressure, waist circumference, and HDL-cholesterol improved significantly. Tai Chi
exercise had no effect on the autonomic nervous system activity. Conclusion: The 12-week Tai Chi exercise was partially
effective in managing risk factors of metabolic syndrome. A larger study with longer period to improve the autonomic nerv-
ous system activity in patients with metabolic syndrome is needed.
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BE g3 acle] &l AFHT BAYE A opet
Ut sho] National Cholesterol Education Program
Adult Treatment Panel (NCEP-ATP IIl)oj]| A &= E-F | gk,
TS AFAHALE S, 18T, AL =R AT 2
288 W) 571A) 919820 oA 37H] ol4rel st
A9 B NETEOR WTSHE A WS AN
(Grundy et al., 2005).

SelUE} FUA Y FRAR(2007-2010)8 B4 2
ol M2, GAZET] 382 304 o4 kel A
31.9%, o144 25.6% 2 kRO, 304] o4 A7 A 477
2 AR T SRS 25.6% 2 UERGTH(Ministry of Health
& Welfare [MHW], 2012). tAMS- 32 A2 H M5 &
AES 9 3¢ 240, 449 7 ¢ e 7HA] S7HA171H,
I 9o RIS, HES AT HES T FHFeE
AT AMFES F7HI7IE ddeR dEA rk(Wilson,
D" Agostino, Parise, Sullivan, & Meigs, 2005).

T Ao B E HRlo g &4 A Y B
(autonomic imbalance)o] F8 o|4+& A|7|E 1 Q) A&
A7BA Y] EtE-& A A Y EEo] AYAAY Fuzt
AZBAGFo| A A E Do, o] 3 Bt F ol et
AT S-S oPIstal Yot A8 A d S et
th= Aot 53] T 2]l 2B A9 BA A FA = A
T 9 249 ¢l&Y A4 I (insulin resistance), W

Sl (glucose intolerance), E-Hu]qt, XA A ol 18

[elNe)

B4 ABAS Bl whiel] thAE TS SH ek
Z

Py

1 9l iRkl Al A4l 83 (mind body therapy)2 4¢
© & 2 93|t Anderson & Taylor, 2011).

Shishehbor, Hoogwerf®} Lauer (2004)+= A€ #A1 23 o
e W PAFE QO S0) R A YA R sEon] o]
AR ol EUH FAAR 420k BT,
5858 BRIAA) P NA0] FPs it el
9T}, Kang S(2010)% 7 5319] 127:7be] 4k £50] 1l
TR EAO| nAAB B EE AAlSk R B 24 st
o 3AA Y AE Hugho 2 50| L@ Y ol -8
= A HE QU 2P B2 ARt RtollA] 2 d e Ak
& 55 AAISH A4 A Y] 28 E 7S 4 ok o
AEao] A aS NAAIE 4= Qs Aol

Chen 5(2013)2 50~70A4] &, 4 15,5153 iAo 2 Zhof
St = 23 AT Sl e HAE 3
Aoz AR A3t 273t Elo]R], dido] iAo
RS R W= A o2 UEith Bl 255 7

»
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A7 el 79 2470 4o] 041 mg/dL, @025 mg/dL,
o]9k7] "¢} 0.20 mmHg, 3]2] 4 033 cm Yol=2] 1, 7Y
EXTEH AHE-20.07 mg/dL S7HA|7] =2 02 B3}
o] Bfo] X7} A9 A1 29le M7=t -83=
A|AsHA T

EfolX] &2 AIAI A 02 & Gl =] 1t FEREA,
9 3 Hogor FAH e dAa¥ ez (Lam,
2006), Bto] 2] 50| A=Al A A vl X = Aol w3t
17} k] | 1 9l Lush Kuo (2003) 4] (Yang
style)2] Tai Chi Chun (TCC)2-5°] =¢lof|A] E AR A|
Z5S BT A A SRS FaAA A4
AE 2dsk=t A Y-S H gt uf Qloh 25~35419] A%
S e = BlolX| ot wEA A7) 7F A4l A 2
o v 2= Y= AHsr ol 2 745t v w g A+(Choi
etal,, 2005)f| A &= B}o] 2] 255 T TFoA Ao F= 7
o] g3t Aoz Yeht Bo|R] 250l A4l A & 22
B Y-S B3

71& AFolA BolA] 52 EHA A (Ko, Tsang, &
Chan, 2006), 18} (Tsai et al., 2003), & (Taylor-Piliae,
Haskell, & Froelicher, 2006), 4183 $&8 2 4(Song, Ahn,
Roberts, Lee, & Ahn, 2009) 5-& Z@35t=0] 23132 AL
2 Uehgth B3 QAR SR BAE O 2 8 AT (Eom,
2012)0 4 = 125 Fok ehol 3] 25 A3 A3}, B, 32
Sd L ASATY aE BYlon, FEA G U A
o] 4, a8 L =X A ZH AEH S STl A
A Aoz yebtth 2y dtuiet A AR oheFstar
2 g3t eto| 2] o] F 7 A 8717t A3l s et A
38 Quksta|7]7)7} ol

olol] & | APATO A= ST A E o
123 F9F 3 23] £2](Sun style) T} 4] (Yang style)S &3
3 EjolA] 250 AgAAA S PR AT 91T
e M= 23S FAETFe RN Eo]R] Fo] Al A
247 ST SP acle AL o3t ZR IR B
$7bsatA g Blskaa} gt

2. A+7H4

« 714 1:1257k9] Eo]x] 5ol Feldt Fof 4244
A= Hol7} 912 Roleh.
- B7H 11: o] %] £l Bl Fol e 2
R} ghag Aol

il



ASZ2a ExtolA HEst 12F

24| EfOIX] 2

30| AEMEA e SR 2

- 57H 1.2: Bhol X 2ol Foldt Fol RaghalZA
BY 7} F718 Aot
« 7H 2:127719] Eho] ] 5ol ol Foll AZFZ
o 918 2.21] Zfol7} 91 Al
- 7M1 2.1: Bl 5ol Foldt Tl Sl St 7

A8 Ao|th

- F7Hd 2-2: Blo|A] -50f gt Fofl +57] ol
Hag Aot

- F7Hd 2-3: Bho|R] -5of gt Fof o]ehr] E ol
a3 Rolh.
- H7Hd 2.4: Efo] ] 250 Zoldt Fo| FEUY Fw
7} 223 Rolet.

- R714 2.5 Bo]X] 2ol Aeldt Fol FAA W}
g Aolet.

- 5714 2-6: Bhol 2| S5 0] olgt ol U A ek
242818 SE7k 3748 Rolth,

&2 AT AT SR oA 125312 Blo]X] &5 =2
= 483t 0 2S4S GEE AFEA 9 o=

Bg A o] 2R3 SEALE WHEst] ATFHAE AP
F B0 S| Yl ST A T A1l
ohe AAES o2 125719 BlolA] 255 a7listal
AL Yok A5 BT A7 At AP 2 S
that ek

* NCEP-ATP HIoJ| A AAE 7] Eo we} iAo

RS 2t

* YataFol 7HE L AR R Yl &

« ALY FHAS] 25 Z2aof Folalx] e A}

o DE oI B F kS WS 2} Fof| 4uHg= ol ol g

FEE S U FE EEA=AY

B A9 A= G*Power 3.1 Z2 TS 0]-&35}0]
AFoIM AF FFghe v wd o, E3+57]= 80 (large),
o4 .05, A 8002 AAG AT adt RESE 15T

u)

o] e, 30% FEHES H2{5to] 2012 RA 3T 245]7]
SRR o[ 3 AT 3P H AT S S B2 1B = A

Ql5tal 16 o] AR E BA 5T

3. 37T

1) 2473 A 8=

AldlsaH o] 2] (QECG-3 system, LAXTHA Inc,
Korea)Z o] 8-5}o] #2-9E1 0| 93 24355 BA519 T
BRI EEE ST E L e R
A|7]13L P el E E1Et F 587 S48k

(1) Standard deviation of all normal RR intervals (SDNN)
A RR7VA S| EEAA L0 24, MA@ Szt
A S B =S FAlof Wk s, A A4 B Al
A8 2t B2 9] (30~60ms)th oA A7t 248 217

2EsYo| F2 & TTh

(2) Low frequency (LF)

et 22 AR o) BRI ES . ok
£ $A15}e] 0.04~0.15Hz9] F3h4: i ofo] MK sz A0
2 ST gho] S5 gAY =T w2 AS
ou] g},
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(3) Root mean square of successive RR interval differences
(RMSSD)

HARRUAL ol & AFI ko] B AFLOR, 2

A7 9 A% =4 7)1 5o digh A #olt). B $(18~45

Pl 48 g4 o] B2 tepint.

o

—

Kl
Ei}‘.,r

2

(4) High frequency (HF)

DT REAA A o] 24alH, Fuhg B4}
6] 0.15~0.4Hz 9] F3}<= t Jo| 2} 3= WA 0 2 245t}
2ol 252 RZAAA S B w22 AL oujsie

(5) LE/HEF ratio
A=A BEY AP ERA
AU 2 E G, o} B
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2) IAZFE 9B a9l

NCEP-ATP TIIo| A AAJaE (| AS 7|20 2 5)a5y), &
o FEAY, FHAY 2 DA=SA 28 5714 9188
Q12 23tk

(1) 25

SfelE et 7 AN A P 1AL 25-30 el A%
2 FEI T, 52 s 1919 FEE AR F0A
e 48 Agte] am2 S

@8

U2 REATE F & 1083 S Foke=s o §, ok
ZA ol A Z}Efﬂ 9}&A7|(HEM-7771, OMRON, Japan)E ©]
&t Fa 1R A o2 T ¥ ST F BHAE 6T

H}

& J"’-?QEXI"‘E}E‘]‘%ﬂl*HIE

FAFES 3 Ho]
HH(TG), L A P e
§3ho] B4slgint.

In

i

Rk
53T BAE 5 Eol A &5l Fol Fole
A5 mAskgth A& 4317]7he 2014 5Y5E 7H7HA 9
o], 5213 60&, 73 23], 7|72 127 2 A F st AT
BHAT 1250 gt A= 7]& AFelA 12571 gl
&50] YAREEZ2] 93 2AAH(Eom, 2012) Y Fie thAFA-2)
)4 (Hung et al., 2009)0] 4-2]3t & 7HS ¥ 115151 7] of
£oltt.

Ive

o

o

=

ruhu
o o

e ok

Elo]2] 2% -2 MT (master trainer)A12 &S FE3F A&
73R 1913} EFo]X] ZHAL ZHA Z(instructor) S 223 A7}

7} Lam (2005)°] 23} 7H&E T SRS 913 Bfo]X|(Tai
Chi for Diabetes, TCD) 117}%] 7] & 523} 87} AHg 52}
S A Tslgon, 20 % 155, B 9% 408, A% 518
0 F 2 60587HS 123 ot Z 23|14 A A5t TicElo] 3]
252 %4 (Yang style) T} £24](Sun style)o] £ E}o]X|
L5 o]th(Lam, 2005). 4] (Yang style)2 & H2](Chen
style)<] Hhlo] vj-£7] H =& AAE =4, R EH

o290 0o
g
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=
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FEoE Aol s HFAR Ao)aL, £4(Sun
&4 (Yang style)o] A 7|E A S 2 7] F-S vlge
3t AgZo7t EAoltt & Aol %A (Yang
style) ¥} 2] (Sun style)2 £315}¢] Lam (2005)0] G EHA}
oA At Loz AR AR Bo| ZA ol AL HE
ol Yom A FolsS A= “1 T2 v|A| =g 3l
2HL =L ozow gy 22 slo]] A-g8k 2= ik

o 2T A
Bfol] 252 WRH= %o 259 B2 M Halstel B

"60
U —

ol A
=

2po] olu] 2 A, A TR WBO 2 FHS S5
S5 Eolroith BAL 5T 5 A4T 4 Y= g

o1 B2 WA A2 o] Wol A AAHE B e o}
AU O 247} 28)0 0 2 A stel AR} )RS W8S 5
Hom, 2% 22 9o gl Be HotE B3 £5A3

7

H

B
£ slskn Zejsrct
5. XA2ENM

2275 A2 SPSS/WIN 19.0 L2 73S 0] 8510 B4
sheon], FAH el BA & e P,

- el YRk el BT A e B4 Algel i

& Wgs REUAE BT,

o 7Hd& HAB7] Y3l paired t-testS A A| 5} T}

.28™ 1y

3 AT AW A ATA) At AL A
3] (Institute Review Board, IRB)2] g 521(5QHF: 2-
1040709-AB-N-201405-BR-05-04)& HF-2- 3 2|3} 0.0,
Ar47o] 94 Q79 B, FoiRtel olw A, o) vy

17 A7 B8] So chat v 8- A ska Al Fol
A5l gl Fol 4 & e

AL Z 1t
P ETTE RN

B ARt B A8-E 6254911 81.3%7} oA o]
©m, 71 Z0] Ak AR 50.0%7} Fo| G o 255
S 31.3%1 HATh AR 62.6% 7 S 2
AT 31.3% o] J& 23 YTk A B YL 625%
7} 1007+ W] 70| gl th(Table 1).
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= 2XtollA MEst 125249] ELO[X| 2

2. 714 8%

n7He19%

“1257k9] ol x| 5o Folst o] A2AAA BHE
o xfol7k & Rolek ek 7Ha S
A =39]l SDNN+=30~60 msH ol A A4
AL o] 22 AL wal=g), 25.31+16. 54o1w 23.18+7.112
2 052 grastr BgAAA o SRS e LR
117.82+£111.029|4] 80.77£51.202.2 Z}ASI 11, B w74l
79 B =S ek = RMSSDS}HF 25 £5 3 5715}

AU OISR Bok). R AFeAEA o FHES e}
Table 1. General Characteristics of Subjects (N=16)
— . n (%) or
Characteristics ~ Categories M+SD Range
Age (year) 62501519 51~71
Gender Female 13 (81.3)

Male 3(18.7)
Marital state Married 13 (81.3)
Divorced 1(6.3)
Bereaved 2(12.4)
Educational Elementary school 5(31.3)
level Middle school 2(12.5)
High school 8 (50.0)
College 1(6.2)
Religion Baptist 3(18.8)
Buddhist 7 (43.8)
No 6(37.5)
Job Yes 5(31.3)
No 11 (68.7)
Monthly <100 10 (62.5)
income 100~200 3(18.8)
>201 3(18.8)

0| ZrsddA 4= tAESZ A=2l0| 0jxl= Fatof cHEt ofH] AT

W< LF/HF ratioZ} 1.79+1.330)4 o]A&F&21 4=x]21 1.50
+0.830.2 7FAEH oL} EAF o2 §o)51A] ool 71 12
712+ =] i th(Table 2).

) 4295
79 Hlo] ) £5o] ST 1Al mA L

E A2 AT 527] e 95 Ao] 138.19+11.82 mmHg
od A o] 123 o] 126.56+11.03 mmHg 2 2 §-2|51A| 7+

28} TH(t=2.66, p=.018). 0| 2k7] B2 APA ]| 81.7548.65
i‘i% 3] AFE o] 80.63+7.46 mmHg © 2 §-2|31 ¥ 315 H o]

3 2] S AFA o 95.36+7.12 cmol| A AFEo)] 91.7247.25
em® §-9]31A 7FA3FATHt=6.30, p <.001). E3F Y= X
Al ZY A EE AP 61.4419.080] 4] 123 $of| 64.94
+6.55 mg/dL2 42514 271519 tht=-2.50, p=.024). 718
U E 2 96.31+£18.9801 4] 92.50+13.54 mg/dL& 723}
o EA o7 §ol5kA] 9o (t=0.69, p=.500), 47|
HlE A}R o] 223.31494.980| W A o] 123 Fof| 234.50+133.21
mg/dLE 27t F7FeE ot BA A 0 2 {93t Afo| & Kol
2] okgFrh(t=-0.50, p=.625).

whaba] 1232742 Blo]X] 250 Fref gt Fof| thAg 9]
A allof Aozt h& Aotk e 7Hd 2= REA R 7
Z| €] th(Table 3).

= 29

AT RO e ARl 1277 5 28] 1412
£2](Sun style) ¥} %F2](Yang style)= 315t Elo|X] &5
AAT Fo TANAA S BHE, RAAEA BAE,
AEAEA 28 58, AABA dF =0 vA = aTE

A

=1
o
=

Table 2. Differences of Autonomous Nervous System Activity between Pretest and Posttest

Pretest Posttest
Variables paired-t p
M=£SD M=SD
SDNN 25.31+16.54 23.18+7.11 0.52 612
LF 117.82+£111.02 80.77£51.20 1.36 193
RMSSD 15.81+£5.34 17.00+10.04 -0.52 612
HF 69.61£53.90 76.49160.78 -0.33 743
LF/HF ratio 1.79+1.33 1.50+0.83 0.79 443

SDNN=standard deviation of normal to normal intervals; LF=low frequency power; RMSSD=Root mean square of successive RR interval

differences;

HF=high frequency power; LF/HF ratio=the ratio of low to high frequency power.
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Table 3. Differences of Metabolic Syndrome Risk Factors between Pretest and Posttest

rteisiies Pretest Posttest paired -t .
M=£SD M=£SD

Systolic pressure 138.19+£11.82 126.56+11.03 2.66 018
Diastolic pressure 81.75£8.65 80.63+7.46 0.42 682
Waist circumference 95.36%7.12 91.72+7.25 6.30 <.001
HDL-C 61.4419.08 64.94+6.55 -2.50 .024
Blood glucose 96.31+18.98 92.50+13.54 0.69 500
TG 223.31+94.98 234.50+133.23 -0.50 625

HDL-C=High density lipoprotein —cholesterol; TG=Triglyceride.
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1257 3 23] 9] TCCF AAlste] A=A A of] m|A]+=
VS T Lee (2006)9] ATl A &= A4 Al 244 =0
I3 aEe v 22 ekskdl ket ARk ol A EholA
250l A=A B A B4 o A YERHA] ¢ A2 o
9] 937 57w} 515, A7 2] Holrk A7 AT
FEFS RS 7HsAE 83 & 4= AUtk Reland, Ville,
Wong, Senhadji®} Carre (2004)+= A =0l S A O 2 -5
BEEA AFoE ol AT 2 17 e S-Etoll ATt
FugilgA o 4= S7HstReH, H47] o et
© 2 67| L7 =2 A A8 Earnest, Lavie, Blair} Church
(2008)9] AFoflA = T2 o) 2= AAITE Aol A
uhg e wlo] gte) Wisr 2] ER Alubg el Wl £5
o] ol wet th2A Yehd 4= ASE AlAkskTh EuhE
© 2 QR4 (Yang style)e] E}o]X] 50| Al 6 kme] &2
Ae o oA 2R FS Hol= FUHFE LFo2 A
A€ B} 9l Uk (Ainsworth et al., 2000), B 7ol A 283t
&7 A S BRke 1) Baoz T4 Bl £59
Pt FU7E} HEAE SR} gk w2 A
4 2 g3 el £59) FE B4 A4 ool
Fe ENE SEHA 3= = At Lugt Kuo (2003)9]
Aol = QoA 6471 T2 = o] H X A9 Hi5EHS
FAA B4 o A = 2717k ans
2A3 AT RRGAAA S BHEE 715 B
o} w2hA] EfoR] 5] A4l A 24
Lof Bl A= G EolX| 259 A= wet o E 4 Uk
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E3F Kang 5(2009)2 9] T3¢ SIS giako 2 1237}
e =03 AAA ]S 242 2084 F 53] 12534 A
AR a7 A o) 34 =S Yeh i HEZH 99317 57}
813 LF9} LE/HF ratios 9-0)314 7481922 1 13}0]
£ ATNH AT EolX] 59 3159k w7 A ABA
o PHES W7ol v FUE A 0 2 ARHT B
AT AR B o] 4 £ ofe] 2 FS WA Bab e
2179 YA AA R A2 2099 thA 3 o] Tet
bed 20%) Srebgol T Rk BAISHA o dol AT
olet & 4 9tk

ShH TARS - Bl A 1257 AR bl X 5ol of
A5 APRA 1AL GFS R 2, $571E
9732 Bell = oo st n mYE A Ag 2
2 B2 43P Z7IsH O AP FYAY E o] ¢y
e Fat Aol Mol ghaleh DAY G 5 A

orHI

i
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o

Taylor-Piliae 5(2006)2] A4 5:27] @k} o]2k7] &
o] BF FosHA skl Ht Aol 50~524]¢1 12
A8 F tidA oA 1270 Y F<et 5 33] 2 Bpo]A] 5= 4
8% Lan, Chen} Lai (2008)9] Aol 4 = B2 23} 5
HRe) 2217} 9f31A Zastel 2 Aok Aol & Bl
2% Tty SRpOf|A FA Y BlolX] L5 5 335] 125734
A% Hung $(2009)2] Aol Efolx] £50] B84

Zh2Al7) 0] AR el A 0 2 Yehg) weh 28 A B
Bt e B8 o HolA2h 7| B2 EE 739
1257t A AJ 8t Liu, Miller, Burton ¥} Brown (2014)¢] g
NA = ADFA S, slelEd, 5718 Y, 0|78 ol &
ofsl gastgont AT 4, T EA AT 24
AEEE o3 Afo] S 2o|A] ehoteh. APubh ATLAR



|l 583t 125

24| EfOIX] 2

210]l 0|x|= S atoi| et ofH] AT

7t tt2 3 g3 golx] 33 4871, &5 Sg Sl g
EPZH;IZM B i of 3 U Bfo] R 9 Bt F85HH 25

T 733 ol A S uf Aot & 4 gl Fd
oA EFY ol 600 keal & £H]E H =2 A7) 25 533
AF AT T uER| 2oL A W3}, AT Al
]3] = &35 743 Lee, Gang @} Ahn (2009)2] Aol A=
HRER] o @Y, A A el 12 Rte 2 G} UpEl
S ESALHNFAAA G L 2 2 E8) 2 A& AR
< 24550 ot ANyt vyt webs s Fe]
A8l T ol HITA Ee 125709 fritaFo R
AHE 7T 5 Ao ALY ot Eﬁﬁ—e— 7HA 27
A= Bl &9 SlrU SIS o AR
Atz

Song 5-(2007) &= Efo]2] 5] HE W75 5F7 l%

_'_._,

thet E3HE HERRY] SEIAE QYSE ol 257
27E0] £4.E PR} SFYTI LOER 47 Pz%‘g

57 9IS A2 125 oo 1A S LEHSE
% 48] olAfo] W asirh A AT v} Ylek. 1B Qi)
83 iz AHS F 83| Fol AES YHH o2 5o 1 S
A 4 §717kolut F4E 234 So7Hs Ao] Bastchm 4
Zhitt. E 2 AT o] S| Betolut e W
217} A o] A7) vl Bhol x| £50) Hart-gol3h
A VLA 99k 4= Stk whebA] 2ol 2re LSS
9192912 7h AR THALO. te] Bhol %] £ 0] thARE
F2ol gasle] nAs &8 248 B Bast ol

<
N

6]

TSR BAE A0 2 1257 EolX] &5
28] 1AM MA@ AT AL AHAY B Eo £
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