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AT BR F A AR 31 9k 07 SRy e B
T 7 U AR N A B RE R 2 (B RE -

Fo PRt FA0 S Bl 3l e o 2 A M A
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B0 B R4 R R EE U
HREEAEH R I LR ERE - AR
HRV HyE R LG - B4R SRR
BB FHRE#E (Dietrich et al., 2008) o [ MBEIRS
RN AL B A R Lo R TR S0 e



Bl o REIRVRF G Sy ] LA 0 HRV
Fe BIAT R AL TE T - R RS R A 48 1Y
B [ E R 22 e R I e RO BRI Y
DBk - B0 R A fRESE (Dietrich et
al., 2008) - Macor et al. (1996) ¥ &I [if JJ
oIl R S 5 o A R e B R SR Y 2
GRBHEMRREDE OF EERE A S -
Jensen-Urstad, Saltin, Ericson, Storck, and
Jensen-Urstad (1997) 51 8 F & 0 #E F
ZRFIG BV HRV » &5 5L 2 B 88 T i (K0
o 3 R BRI 2 WAL - Shin,
Minamitani, Onishi, Yamazaki, and Lee
(1997) th 2% ¥ #E &) & (K S0 HF & » &
Bl RE D0 Y 58 B AT A AT M o Sl 4R B
W AR A IR LRI B o - 2R > B B aE0E
MERESE E WA —HERT
B i S5 AR A E - HAE R M (neural
efficacy) & g I M M AR - ALl > B9 &
R H A A S - 4R (8 Bk DR
A f2 W B Y (Yamamoto, Miyachi, Saitoh,
Yoshioka, & Onodera, 2001) ©

AMEFANREEHVERFR > Z
R Ry R 2 SO R Y S Eh 7 SR il KT
LR ACE R ZHI TR R E R IRV RS -
FrA &g TR E s BT M > Lk
AR T R E B KA E) T 2
EEZYIT > NATFRIR LA - &K
WPFREE RSN - £ TEMBESET 6
HIEIESESGrEA NS ENINES: 0 S e
DU MRl ek 07 S be B 5 A A i)
YA PR RERE Z (RS

AR EE) T AR E T s i
BZLRBEE O ERE > BEFREN

M EE e iR RO R ERE PR

FMPRES A BEEIE © BESL > RACHT 7T AT 5
af 6 #HLL IR ES) I A sk E L
BRI ZWOR > HE AL R E )
T AR R T > (R B UR 5 F AR AR
b EiR R E S E R EURR 2 25
BLfEH] -

fh ~ WEFERRH]

— ~ KU 5 A 40 2 B AN 88 (Polar
RS800CX) {F &y & .00 R ST 7
a8 o FOMEE R TR B I MIT 5 Be
B BB ] B OHI 45 SR B A — E M (Essner
et al., 2006) - HA 0 R EH LS
ENGEERETE

SRR S TR I B ¢ low
frequency power (LF) ~ #2#E{} LF (LF
norm) ~ high frequency power (HF) »
24 {E HF (HF norm) ~LF/HF %228 »
H S A TEARAFI BT HE -

AT B A ~ AR AL
FGE SRR o R E 2R
= [ BR B H A je DL B B 2 22 2
IME R Z TN - HA1E MR
AALAFEAREERIRFIA -

M~ 2B R R R ROER S 2
GRS EAFRM SIS - &K
BEBENHEEIRE > JEEANE
Bl 4f > B FRaEE -

[l

ESBE

L BB - 5355E (2007) » LREERTAYEE
LR - TR TR > 210)



HEE EEHl B

ME= YR

=

1-9 ° doi: 10.6223/qcpe.2103.200709.1801
S (2007) © IEH B ATTERY AR
TREL - FIRBE BE AR - 17 0 1-19 -
FRIE S - = B tH~ BR 2 &~ 30 g
(2006) - A i B B T B AR BE 2 5
o HER AR 0 34 5 389-307 -
PREZRE - SR (2008)  STEEEERIISREL,
R W - fEEE T 22(4) -
13-22 - doi: 10.6223/qcpe.2204.200812.1702
B SRS - BSIES (2000) o R
S FRERBIER] o o RESCRONGE RS
ezt > 11(2) » 47-58 -

BROSD ~ ZEH B8 ~ ZENLEH - ZEE -
&7 (2005) o AR ARG/ REEEE Y
JEM - Fra2dbFEEHIT - 7(1) > 1-11 - doi:
10.6540/NTJN.2005.1.001

Antelmi, 1., De Paula, R. S., Shinzato, A.
R., Peres, C. A., Mansur, A. J., & Grupi, C.
J. (2004). Influence of age, gender, body
mass index, and functional capacity on
heart rate variability in a cohort of subjects
without heart, disease. American Journal of
Cardiology, 93(3), 381-385. doi:10.1016/
j.amjcard.2003.09.065

Bassett, D. R., Vachon, J. A., Kirkland A.
0., Howley E. T., Duncan G. E., & Johnson,
K. R. (1997). Energy cost of stair climbing
and descending on the college alumnus

questionnaire. Medicine and Science in
Sports and Exercise, 29(9), 1250-1254.

Boreham, C. A. G., Wallace, W. F. M.,
& Nevill, A. (2000). Training effects of
accumulated daily stair-climbing exercise
in previously sedentary young women.
Preventive Medicine, 30(4), 277-281. doi:
10.1006/pmed.2000.0634

10. Borg, G. (1970). Perceived exertion as an

11.

12.

13.

14.

15.

16.

indicator of somatic stress. Scandinavian
Journal of Rehabilitation Medicine, 2, 92-98.
Carpeggiani, C., Emdin, M., Bonaguidi, F.,
Landi, P., Michelassi, C., Trivella, M. G.,
...L’Abbate, A. (2005). Personality traits
and heart rate variability predict long-term
cardiac mortality after myocardial infarction.
European Heart Journal, 26(16), 1612-1617.
doi: 10.1093/eurheartj/ehi252

Carter, J. B., Banister, E. W., & Blaber,
A. P. (2003). Effect of endurance exercise
on autonomic control of heart rate. Sports
Medicine, 33(1), 33-46. doi: 10.2165/00007256-
200333010-00003

Chacko, K. M., Bauer, T. A., Dale, R. A.,
Dixon, J. A., Schrier, R. W., & Estacio, R. O.
(2008). Heart rate recovery predicts mortality
and cardiovascular events in patients with
type 2 diabetes. Medicine and Science in
Sports and Exercise, 40(2), 288-295. doi:
10.1249/mss.0b013e31815c4844

Chen, T. C., Nosaka, K., Lin, M. J., Chen, H.
L., & Wu, C. J. (2009). Changes in running
economy at different intensities following
downhill running. Journal of Sports Sciences,
27(11), 1137-1144.

Dietrich, D. F., Ackermann-Liebrich, U.,
Schindler, C., Barthélémy, J. C., Brandli, O.,
Gold, D. R., ...von Eckardstein, A. (2008).
Effect of physical activity on heart rate
variability in normal weight, overweight and
obese subjects: Results from the SAPALDIA
study. European Journal of Applied
Physiology, 104(3), 557-565. doi: 10.1007/
s00421-008-0800-0

Figueroa, A., Kingsley, J. D., McMillan, V.,
& Panton, L. B. (2008). Resistance exercise



17.

18.

19.

20.

21.

training improves heart rate variability in
women with fibromyalgia. Clinical Physiology
and Functional Imaging, 28(1), 49-54.

Gray, J. C., & Chandler, J. M. (1989).
Percent decline in peak torque production
during repeated concentric and eccentric
contractions of the quadriceps femoris
muscle. Journal of Orthopaedic & Sports
Physical Therapy, 10(8), 309-314. doi:
10.2519/jospt.1989.10.8.309

Jensen-Urstad, K., Saltin, B., Ericson, M.,
Storck, N., & Jensen-Urstad, M. (1997).
Pronounced resting bradycardia in male
elite runners is associated with high heart
rate variability. Scandinavian Journal of
Medicine & Science in Sports, 7(5), 274-278.
doi: 10.1111/5.1600-0838.1997.tb00152.x

Lan, C., Chen, S. Y., Lai, J. S., & Wong,
M. K. (1999). The effect of Tai Chi on
cardiorespiratory function in patients with
coronary artery bypass surgery. Medicine and
Science in Sports and Exercise, 31(5), 634-638.
doi: 10.1097/00005768-199905000-00002

Macor, F., Fagard, R., & Amery, A. (1996).
Power spectral analysis of RR interval and
blood pressure short-term variability at rest
and during dynamic exercise: Comparison
between cyclists and controls. Infernational
Journal of Sports Medicine, 17(3), 175-181.
doi: 10.1055/s-2007-972828

Malfatto, G., Facchini, M., Sala, L., Branzi,
G., Bragato, R., & Leonetti, G. (1998).
Effects of cardiac rehabilitation and beta-
blocker therapy on heart rate variability after
first acute myocardial infarction. American
Journal of Cardiology, 81(7), 834-840. doi:
10.1016/S0002-9149(98)00021-6

i GEEE R

22.

23.

24.

25.

26.

27.

MRS LRBRE 7

H]m

Melanson, E. L., & Freedson, P. S. (2001).
The effect of endurance training on resting
heart rate variability in sedentary adult males.
European Journal of Applied Physiology,
85(5), 442-449. doi: 10.1007/s004210100479

Schuit, A. J., Van Amelsvoort, L. G.,
Verheij, T. C., Rijneke, R. D., Maan, A. C.,
Swenne, C. A., ...Schouten, E. G. (1999).
Exercise training and heart rate variability
in older people. Medicine and Science in
Sports and Exercise, 31(6), 816-821. doi:
10.1097/00005768-199906000-00009

Shin, K., Minamitani, H., Onishi, S.,
Yamazaki, H., & Lee, M. (1997). Autonomic
differences between athletes and nonathletes:
Spectral analysis approach. Medicine and
Science in Sports and Exercise, 29(11), 1482-
1490. doi: 10.1097/00005768-199711000-
00015

Silvetti, M. S., Drago, F., & Ragonese, P.
(2001). Heart rate variability in healthy
children and adolescents is partially related
to age and gender. International Journal of
Cardiology, 81(2-3), 169-174. doi: 10.1016/
S0167-5273(01)00537-X

Takahashi, T., Okada, A., Hayano, J., &
Tamura, T. (2001). Influence of cool-
down exercise on autonomic control of
heart rate during recovery from dynamic
exercise. Frontiers of Medical and
Biological Engineering, 11(4), 249-259. doi:
10.1163/156855701321138914

Teh, K. C., & Aziz, A. R. (2002). Heart rate,
oxygen uptake, and energy cost of ascending
and descending the stairs. Medicine and
Science in Sports and Exercise, 34(4), 695-699.
doi: 10.1097/00005768-200204000-00021



10

HEE @R WX HEE YR

28.

29.

30.

=

i

Theodorou, A. A., Panayiotou, G., Paschalis,
V., Nikolaidis, M. G., Kyparos, A., Mademli,
L., ...Vrabas, I. S. (2013). Stair descending
exercise increases muscle strength in elderly
males with chronic heart failure. BMC
Research Notes, 6, 87. doi: 10.1186/1756-
0500-6-87

Villiot-Danger, E. (2009). Un test d’escalier
dans 1’évaluation des patients atteints de
BPCO Revue des Maladies Respiratoires.
Revue des Maladies Respiratoires,
26(5), 530-536. doi: 10.1016/S0761-
8425(09)74672-8

Yamamoto, K., Miyachi, M., Saitoh, T.,
Yoshioka, A., & Onodera, S. (2001). Effects
of endurance training on resting and post-
exercise cardiac autonomic control. Medicine
and Science in Sports and Exercise, 33(9),
1496-1502. doi: 10.1097/00005768-
200109000-00012



HEENITSE Journal of Sports Research
FE2SEHEFE1H 1-12 H (2016) Vol. 25 No. 1 pp. 1-12 (2016)

Effect of Stair Exercise on the Resting Heart Rate
Variability of Middle-Aged and Older Women

Chung-Chan Hsieh"?, Szu-Kai Fu’, Hon-Wen Cheng’, Su-Yun Chen’, Kuo-Wei Tseng’"

'National Taiwan Normal University
*University of Taipei

"Corresponding author: Kuo-Wei Tseng

Address: No. 101, Sec. 2, Zhongcheng Rd., Shilin Dist., Taipei City 111, Taiwan (R.O.C.)
E-mail: fossil0405@yahoo.com.tw

DOI: 10.6167/JSR/2016.25(1)1

Received: January, 2016  Accepted: May, 2016

Abstract

Introduction: Since the recent increase in the population of older people, the health
of middle-aged and older people has garnered increasing attention. Numerous studies have
indicated that regular exercise benefits the activities of the cardiovascular and autonomic
nervous systems. This study investigated the effect of a 6-week stair exercise intervention
on the resting heart rate variability (HRV) of middle-aged and older women.Methods: The
participants of this study were 16 women aged 55 years and older, who were randomly
assigned to the down-the-stairs and up-the-stairs groups (n = 8 participant per group). A
6-week incremental stair exercise intervention was administered, and a Polar heart rate
(HR) monitor was attached to each participant to measure her HR during the exercise. In
addition, the resting HR of the participants was recorded using the monitors before and after
the exercise to analyze the frequency domains of the HRV, namely the low frequency power
(LF), LF norms, high frequency power (HF), HF norms, and LF/HF. After each type of stair
exercise was completed, the fatigue and HR responses of the participants were evaluated
using the ratings of perceived exertion (RPE) scale. All the results were compared through
a two-way mixed analysis of variance.Results: No substantial difference was observed
between the baseline and postintervention in the heart rate * LF norm, HF norm, and LF/HF
in either group (p > .05). Significant difference (p < .05) was observed between the baseline
and postexercise in the LF of the stair-ascending (249.9 + 186.2 vs. 614.8 + 455.6) and
descending groups (197.2 £ 175.7 vs. 480.1 &+ 359.7), and HF of the stair-ascending (113.6 +
105.6 vs. 447.1 + 394.8) and descending groups (75.2 £ 72.7 vs. 296.1 + 299.5), without any
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significant difference between the two groups (p > .05). The postexercise HR of the up-the-
stairs group (103.3 + 21.5 bpm) were significantly higher than those of the down-the-stairs
group (82.9 = 8.9 bpm, p < .05). No significant difference was observed between the two
groups in their RPE scores (p > .05). Conclusion: This study shows that both stair-ascending
and descending exercise interventions improved LF ~ HF in middle-aged and older women;
however, the exercise intensity were lower during the stair-descending exercise than during
the stair-ascending exercise. Thus, the stair-descending exercise may be provided to the
elderly population as an efficient exercise for increase HRV in the future.

Keywords: eccentric exercise, parasympathetic nervous system activity, autonomic nervous

system, middle-aged and older woman



