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Effects of physical activity on cardiovascular functions and sleep quality among

menopausal women with prehypertension and sleep problems
July 2015 Student: Yi-Zih Lin
Advisors: Sandy S. Hsieh, Cheryl C.H. Yang

Abstract

Purpose: To investigate the effects of physical activity on cardiovascular functions and
sleep quality in menopausal women with prehypertension. Also, to understand the changes of
physiological parameters during the exercise training process. Methods: Menopausal women
(n=23) with prehypertension (systolic blood pressure, SBP > 120 mmHg or diastolic blood
pressure, DBP > 80 mmHg) ranging from 56 to 71 yrs were recruited. Participants were be
divided into two groups: Control and Experimental (EXP), the EXP group were be asked to
follow 3 weeks physical activity (3 times/week, 30 minutes/times). The physiological signals
(blood pressure: twice daily, autonomic nervous activity: once per week for 24hrs) were
recorded. Paired-sample T test were used to compare the differences ( p <.05). Results: The
morning decreased (SBP: 9.845.3 mmHg ; DBP: 8.4+1.3 mmHg, p <.05) and evening (SBP:
9.8+6.3 mmHg ; DBP: 7.3+0.3 mmHg, p <.05) blood pressure of participants decreased after
two and three weeks of physical activity, respectively. The autonomic functions improved at
the third week. PSQI sleep quality have no significant in two groups. ESS sleepiness score
decreased in EXP group after one week of physical activity. Conclusions: A 4 weeks aerobic
exercise can improve cardiovascular functions in menopausal women with prehypertension.
The obvious difference between day time and night time heart rate variability reflect physical

condition change better and can respond effectively to external changes.

Key words: autonomic functions, cloud computing system, physical activity, menopausal
women, blood pressure, sleep quality
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("Heart rate variability: standards of measurement,

physiological

interpretation and clinical use. Task Force of the European Society of Cardiology and the
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(independent-sample t test) % = ¥t4k ~ T #& =_ (paired-sample T test) & | %r3 = 2 22 4=
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ek - #7 > £ 5 23 n’iiﬁﬁwgﬁx_.r?&ﬁ%:ﬁ, 81, E#A
W 56-T1 o & b B b ocha Ry v n ¥ & (iR 120 mmHg- 4755 & 180 mmHg )
priow (n=11) » &4 65.046.0 & » BMI123.9+ 2.6 ~ ¥ % = (n=12) » # & 63.047.0 & -
BMI231+£2.7> 4824 2 g & FR b= $k & T & T (Independent-Sample T Test) 4
15 8 wa e (F=626:p>.05) BMI (F=648:p>.05) % ' fcs/8 (F=593: p
>.05)~ %} 45E R (F=776:p>.05) % t &4 (F=315: p > .05) » okt Jei/R
(F=.065; p>.05) ~ i 4736 & (F=.117; p>.05) ~ i+ & . % (F=1.042; p > .05) ~

PSQI (F=618:p>.05)~ESS (F=572:p>.05) % M FLE - L fu XA

FHERNA S .

Lo REERRTA
Control group (n=11) Experimental group (n=12)
age (yrs) 65.0+6.0 63.0+£ 7.0
BMI (kg/m?) 23.9+26 231427
morning SBP (mmHg) 133.8+7.6 135.5+10.3
morning DBP (mmHg) 82.1+5.1 86.4+7.0
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morning HR (bpm) 679+5.4 70.6 £5.3

evening SBP (mmHg) 129.7 £ 8.8 132.2+84
evening DBP (mmHg) 809175 83.5+£6.8
evening HR (bpm) 742157 724142
PSQI (score) 95+3.2 9.0x£51

ESS (score) 105+3.2 99+28
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58 RALPEGEHET BALI L ReA{ EHH+ & AR 42

- —%‘#za).u;;%rm‘z_? PERES A O~ (S (AE B % B R FEILAT T Z\ﬁ"g
ALV EFZI XU LRERS A XD 2 L k) SAHES T BT

(paired-sample T test) 4 24 4716 > & 1+ cjeig/R e ER BT 5 - & 5 BF T (Jogk
125.7++14.9 mmHg ; &5 & 74.3+48.7 mmHg, p<.05) ; 8t} TRk &2 473k R R hF =
T HF TR (edp/k 1224414.1 mmHg 5 4755 & 69.5111.0 mmHg, p<.05) > @ a‘r",lrt Pre
2 A# @15 > SBP 2 DBP *t 4 kgt § 7~ £ & 1 SAFBEE T > B BN =
FFRHEFTES AR NPT AELR o el R BETTANF

E‘o(gl: ~ = “I)
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+ LFMHF~ () = LF%~(d) == LF/HF~(e) 8+ LF% ~ (f) 8t + LF/HF ~ (g) PE%
LF% ~ (n)pf LF/HF 2. £ ¥ £ & - Pre: 4 »~ %0 ; Post: 4 » {4 ; W1-Pre: /i » % — i¥ 4o
'*,fT pre & ;W2-Pre: /i » &% = ﬁa‘r% pre & ; W3-Pre: 4 » % = ;’ta‘r",lf pre & ; W4-Pre: 4
NS iﬁr% pre i@ ; Post-Pre: 4 » %éalr% fionah o %1l OBOATE UE F AV 22 0 4p vt ik A

FLE

35



(@)

LF% (nu)

morning

20

60 1

40 -

(€)

80

afternoon

60 1

40 1

sleep

HHH

RN AN S

o

0.4 1

0.0 1

0.4 -

0.8

@

0.0 1

0.4 1

-0.8
(f)
0.8
0.4
0.0
-0.4

0.8

Wi

0.4 1

0.0 1

0.4 -

-0.8

LF/HF (ratio)

HIESEE

g @ \J N\ Q@
& &
Q

&9

Bt — 2 dle 2 g 2E i (LF%) 2 2 24 Sid g g4 gig e (LFHF)

2B 5 (@) % LF%-(b) %+ LF/HF~(c) &= LF%-~(d) == LF/HF-(e) %

4 LF% ~ (f) 82+ LF/HF ~ (9) PER LF% ~ (h)pE® LF/HF 2. & 3% {8 - Pre: 4 » % ; Post:

Hxis s WI~W4: 4 » % - ~F ik >

2 PrejprtE i F AR p<05-
36



(a) A LF% (nu) (b) A LF/HF (ratio)

20 A 0.4 1

(@)

£

S o 0.0 1

(@]

&
-20 1 0.4 -
-40 -0.8
(c) (d)
40

c 207 0.4 1

o

(@)

S 0 0.0 -

()

et

@ -20 - -0.4 -
-40 -0.8
(e) (f)

evening
o

-20 1 -0.4

|
T L HHA
BFDES &S H/H,{
|

-40 -0.8
(9) (h)
40
20 1 0.4 -
o
)
QO 01 0.0 1
N
-20 1 -0.4 A
-40 T T T T T -0.8 r
¥ Q¥ ¥ ¥ ¥ Q¥ ¥ ¥
&'\« s’lz $’b @b‘ Qoé' \$'\/ &’L A{b A@( Qoé\'
BlL - @8 e LR A S5 (LF%) 2 R4 SaHep 2 24 Sy (LFHF)

2 A AEA B 04prt o 95% I B o *p<05- B HE 7 () % LF%- (b) %

37



+ LFMHF~ () = LF%~(d) == LF/HF~(e) 8+ LF% ~ (f) 8t + LF/HF ~ (g) PE%
LF% ~ (n)pf LF/HF 2. £ ¥ £ & - Pre: 4 »~ %0 ; Post: 4 » {4 ; W1-Pre: /i » % — i¥ 4o
'*,fT pre & ;W2-Pre: /i » &% = ﬁa‘r% pre & ; W3-Pre: 4 » % = ;’ta‘r",lf pre & ; W4-Pre: 4
NS iﬁr% pre i@ ; Post-Pre: 4 » %éalr% fionah o %1l OBOATE UE F AV 22 0 4p vt ik A

FLE

38



PG RH OB FER]EPELR B £ H A PR AR
g

PSQI ™ kffﬁ“mrr"}ﬁ& % HFd - f@‘% moATiE s > F4EA P ;Lm@i‘ﬁr%?ﬁ ~ PR,

"

BETRHP ~ R Pl s PER TS S BEFR FIPE 6 X AR AR ® O X R RS pER S
gtk £ HFRFORAAZES A LEFERET LF o 5 2 PSQI & g il
ZHRATHREA T 4l (95432 4) &2F 5% e (9.045.1 ») v av jpl2. & T A i
¥ AR (F=518; p>.05)» @ #rdlie (10.343.4 &) 2 5 Rl % &2 5 pl4p st ™ B F
£ 3 (F=162;p>.05) 2@l (82442 &) 2 (SRl & pldpt > BeF T e
FTAMFEFLR (FF03;p>.05) He%4cB L= ~ BLw 7 o
ESSripb® 27 iRl 4 G p Fripfe & > L d A BRENES > s HEFRA R
FoRE S RRFEL L FR IR N BERAFRARAR 0 20N R AL LB
B H WA Pl A HARR K N ATEPEEARART o8 B ESS S EEH A TH T
AT F 4] 2(10.543.2 ) 9 B 0(9.942.8 )3 pl AT Al F LR (F=782;
P>.05) 2 irdllez xSk amRplipt T REF AR 8 Fd e Lk % B Rep

R FRFAL (p>.05) 0 H - GG METE 27219 A A R Aol T AT -

39



15

/3 Pre
'[ ZZ3 Post

'_\
o
——

NANN\\g
N\g

PSQI score

Control EXP

B~ = -~ #4% (Control) 229 2% (EXP) %0 p|gr 15 B2 ™ % FpEm £ 4 A 8k -

4
o 27
S T
)
6, 0
n
(ol
2 |
_2 E
-4
Control EXP

Bl 2 ~ 241 (Control) &9 % 2 (EXP) % iple7 tsipl2. ™ ¥ FpEm & 4 A 8L & o

40



i MO

i MO

e AN

* OO
* ~S OO\

9109S SSJ

w4

W3

w2

w1

* & EXP e

“pdle (Control) £ 5 e (EXP) #F £ 15 2 pEE £ 4 i

R

EHFLE p<O05-

pre 4p*

41



LR HRass

o+
9

AR RAKFFLBEE-HRGIH A GBS BAEG - 8T S8
ZARFTREA S FRDIMBEFIHEE G BAR L BRDOL EHIFS & EPER A AL
Z e BREZFCFFF I F IS BALMEFTH L FLF L RO EDHFLLE
PEFR R REZ2 X R BMFHN S & BRALHEREH{ EDHELE L BRFS & 6k

R T Bk St
AE LR 5671 R [ E LS L R 223 44 5 il
PHEE TR G2 RATREAITE > 3 2 A#HE - ¢ 7 #4BMI~ & Fieiy
B S PEER S P A B OB B SRR B % e PSQIpE

R TE4 ESSHpER 2 ¥ ALMFLR (p>05) A rmyorfn 2 v g4

Il FIE 0 A0t BAKT WA EF FlEEE LR PERA ST LR B

”%@%ﬂ@ﬁ@%oﬁ%iﬁﬁﬁ@ﬂéﬁ?%ﬁ»aﬁ#ﬁugﬁwﬁgggg@

P8 RAPMEFEHE T AL L RO EPHS L HRER R

AR T i e kG §F &40 0 ¥ g ootk ML R (Collier etal., 2008) - 2 > 5

Pl R e S AE R AR R G R R

o

<l

m@%ﬁﬁi ’ Jl ,—-r P ]9 t-@ PIi @F‘; %\m% ]F"L‘:’Eb - f[; %{
42



bRz AEA s AABELFLRAFLBEY L BRFINFRESS M
A RENE TR o0 S B GLI S ek (TG BT UORA) ¥ ipde
FRBR R BRAF T LY EEAFLINE BT R ,W%L7ﬂ_/§§§,§,,a F W
P REYHIMNEATRBESRD R L FAR (Y R il E) SRR
(Stergiou et al., 2002) » #x 2 F7 § #r¢ * e B E RIS 5 b Ak P b pEAT S o

I F A P ER R ED LR R, S HPERP T G sie g H
e BE AN EZF 4 ':'L"*Fffr P2 feipR A SRR M EF TR o AaL Lt 2 T
R GERR AR ZGRA G METE DA A BB X L Ranck
Foom o EER L B g L F H Atk c F AT FAES 2 REFF A A
sed H o REEE -7 5-10 & ) F % 2 F o & (Player, King, Mainous, & Geesey, 2007) »
n‘vJ‘Jilﬂfﬁﬂ.ﬁé—%%ﬁﬁmﬁﬁﬂﬁﬂE/q'}g-;—g.ﬁvfé_,j%5;9:.;1; Bk o § et MK ke b
® o R eOR

FAL A AE S 2 i R R R B 4R BT U SR RS G ik
Booom ERE ) g (tubules) $4p (B) v fa F 5 27 B K g H S8
B 2% ih f i (Cooperetal.,1984) » ¥ #b » & 5 73 £ 7 > EH T Lo R
o ALY VoML PR 2T (Pa ) RPN R HL § L
& 4 (Kiyonaga et al., 1985) -

ARG TR S ES R A F e e GRAPVPFHEIL T AFLR o

FHREGFE AN G §FER DG Mg e d g Hok (Carter, Banister,

& Blaber, 2003) » p*#7 5 % B A XA F 0 RF G FEE o

43



28 RALCHEFEREF BB RO E P+ & HpEm P 2
& R R 2 B

B ORER R B G RE RE arnk o AP f A
AR R A BT B S PR A R HFL S B R

BEFT R uplEd R LMERE SN A0 e R A R A s i gAY

—

=,

o

Z %

e
7
Ik
&
ol
-
AR
W
=
“k
&
e
Py 3
T
._<_
i"ﬁ
“*t‘é

Bk g B G R R SRS

g
e
—
L
;,1H<

BRET RapERGIEH o

>
»

fu

BRALRERHET E MG R OB AR AT R

\\\?{r
%
ke
&

5

TR PP EFEE BETE RO LWES

\“‘\“-‘

I O~ F e

A

TP
F_k
<

-
£ R o b pER R A IR B R AT

AT EAMEEG F AR A Fel s FRE Mok o g @R i d
SRR H Sk o (e TG F P E Fanc L kw (Collieretal., 2009) » #7140 &
P RE e R B GA T R M A B E R B SR

2B ERIRRG S

FEF - SASZE2 85 Rhr kT PHERE T e FH L F R
é’:}é_u_fiﬁ Ef——‘é b2 U];(Fl@l‘l-%;}g_ ,‘\;jr_%:ﬁmrﬁ?i%{ﬂ _\J—fi (AL:—‘}:) 7
heoo iE@ i p EA G (F 2 H)

Fr & RALWESEHL] EHBAF L BEL & 5 pEm K HER 5§

riFengt D RER T A PR STt 3 A s A BB TR
TaREFLA Ay ampipiiEd g eoticd g4 R R 2 PSQIL BLpER &

(Flausino, Da Silva Prado, de Queiroz, Tufik, & de Mello, 2012; Reid et al., 2010; Yang, Ho,
44



Chen, & Chien, 2012) » /g % (03 § i@ 5 2530 REE B 2 chpkf > DRI T g § o
R RS L R B MER ¢ §Tes L g rop = (endorphins) F &
Ao i e e 2 Fesoep 2zl @ LR MR IETE 0 ST pEo BOpE 2URPEY) € 4
Fhv ko Rt pER R k@ E P e s kL gk (Huang et al., 2003) o A& *F %
PR R 2 ARV R RFIE R ADF I FEH LR - KRB KEL
FARAEHL EDBFLB L BREAPERRNEZFL > A2 ARTF) (L E8 - 328 - PR
L) chB 87T R Ar S LMES DA » TRHEFRIER ST E FERA o SR
EPPFE F ARSIt RERL AR iEE TRpe  hFd > R Fx F % HE

FeF ~rEEF oA IFARE B g ¥ (Stantonetal, 1995) > @ B & B € F1 L gAY

BHESOEHR D FRAFET FORNIE 2 ed FFF NI RPFET B ep R
FEFL -

ek SRS SR A AT 4G R K X P e R > AT ] 1 ESS iEped
A A BT RENA A S - G TS X PFLEPEER AR D

BEHEge i %‘ik?'“ﬁmw TAFAH R > 7 S F%’E@i:o

¥I 8%

-%g

PR

- B
AP RS RS A R R 0 bR et B AT R R AR D
EER G B B (LR~ p M) RISH RS MEFRL > A A e dap

FHRIEFTE DA ERGEHANACNT GG EFRL R RNy L
ERRELRIFNLRE > LvE T A~ F e o 8RB 2 PSQI pEAR & A dk

PR AEMY LR AP T iR TR0 8 R Lm0 i e en
45



PER SR G U E B RIGEELFS R R FIA T R A Sl AS TRR S HRPER
el U RN %Tﬁssﬁmﬁ%ﬁnéﬁ*ﬁ>wﬂ%—if— BE T 4om o %o
AR R 0 3 b dT R pE

PRER RS NI PRBE G i BB AL RN AN N B B
Pene FRABE R R Lo PR RIS ) TR P BA SR
B R T I

AP THRELR B B EEPER PRI AL H Y RN

LA B d R PR AN AN RS A KL T g 4

o

YRR RS DA R R M k2 4 B2 R

(=) @ W EBIFEAAFR e FEMERE A~ 2 GRE G e O e
oo g R ZPERSFTFOSEREE Lhem £2 ] § i ALY L AL

%@ﬁﬁﬁﬁig’%ﬁﬁ.%ﬁ%iig%&,ugﬁﬂ@ﬁg%uigﬁﬁ@%ﬁ

C) ARLRALHES RS A E AR RS SRR TR R EHFF D

Ji

= 1k \ﬁ:iif;i—Ll}ﬁ_ﬁﬂgE?Pézgg;é@s—g_ s XE R P R 0 PTIE R R

MERER S St FHA O ERMBAF LT R RBSLMER

[rehy
[rehy
g
i

B R R RER L e F A g

46



5l éék

- ¥ 2 A
T4 (2013) o TAFR F b2 E A g (AR L®Y) c WP 8
PR

- \jzf'é%'fib\

Akselrod, S., Gordon, D., Ubel, F. A., Shannon, D. C., Berger, A. C., & Cohen, R. J. (1981).
Power spectrum analysis of heart rate fluctuation: a quantitative probe of beat-to-beat
cardiovascular control. Science, 213(4504), 220-222.

Amano, M., Kanda, T., Ue, H., & Moritani, T. (2001). Exercise training and autonomic
nervous system activity in obese individuals. Medicine and Science in Sports and
Exercise, 33(8), 1287-1291.

Barnabei, V. M., Grady, D., Stovall, D. W., Cauley, J. A., Lin, F., Stuenkel, C. A., . . . Pickar, J.
H. (2002). Menopausal symptoms in older women and the effects of treatment with
hormone therapy. Obstetrics and Gynecology, 100(6), 1209-1218.

Brunner, R. L., Aragaki, A., Barnabei, V., Cochrane, B. B., Gass, M., Hendrix, S., . . .
Stefanick, M. (2010). Menopausal symptom experience before and after stopping
estrogen therapy in the Women's Health Initiative randomized, placebo-controlled trial.
Menopause, 17(5), 946-954. doi: 10.1097/gme.0b013e3181d76953

Cannarella, R., & Agbayani, E. (2001). Tetanus: a case report, epidemiology review and
recommendations for immunization compliance. West Virginia Medical Journal, 97(5),
253-256.

Cappuccio, F. P., Stranges, S., Kandala, N. B., Miller, M. A., Taggart, F. M., Kumari, M., . . .
Marmot, M. G. (2007). Gender-specific associations of short sleep duration with
prevalent and incident hypertension: the Whitehall 1l Study. Hypertension, 50(4),
693-700. doi: 10.1161/HYPERTENSIONAHA.107.095471

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.

Collier, S. R., Kanaley, J. A., Carhart, R., Jr., Frechette, V., Tobin, M. M., Bennett, N., . ..
Fernhall, B. (2009). Cardiac autonomic function and baroreflex changes following 4

weeks of resistance versus aerobic training in individuals with pre-hypertension.
47



Acta Physiologica (Oxf), 195(3), 339-348. doi: 10.1111/j.1748-1716.2008.01897.x

Coylewright, M., Reckelhoff, J. F., & Ouyang, P. (2008). Menopause and hypertension: an
age-old debate. Hypertension, 51(4), 952-959. doi:
10.1161/HYPERTENSIONAHA.107.105742

Dengel, D. R., Hagberg, J. M., Pratley, R. E., Rogus, E. M., & Goldberg, A. P. (1998).
Improvements in blood pressure, glucose metabolism, and lipoprotein lipids after
aerobic exercise plus weight loss in obese, hypertensive middle-aged men.
Metabolism, 47(9), 1075-1082.

Driver, H. S., & Taylor, S. R. (2000). Exercise and sleep. Sleep Medicine Reviews , 4(4),
387-402. doi: 10.1053/smrv.2000.0110

Eichling, P. S., & Sahni, J. (2005). Menopause related sleep disorders. Journal of Clinical
Sleep Medicine, 1(3), 291-300.

Ekblom, B., Kilbom, A., & Soltysiak, J. (1973). Physical training, bradycardia, and autonomic
nervous system. Scandinavian Journal of Clinical and Laboratory Investigation, 32(3),
251-256.

Fensli, R., Gunnarson, E., & Hejlesen, O. (2004). A wireless ECG system for continuous
event recording and communication to a clinical alarm station. Conference of the IEEE
Engineering in Medicine & Biology Society, 3, 2208-2211. doi:
10.1109/IEMBS.2004.1403644

Flausino, N. H., Da Silva Prado, J. M., de Queiroz, S. S., Tufik, S., & de Mello, M. T. (2012).
Physical exercise performed before bedtime improves the sleep pattern of healthy
young good sleepers. Psychophysiology, 49(2), 186-192. doi:
10.1111/j.1469-8986.2011.01300.x

Fletcher, G. F., Blair, S. N., Blumenthal, J., Caspersen, C., Chaitman, B., Epstein, S., . . . Pina,
I. L. (1992). Statement on exercise. Benefits and recommendations for physical
activity programs for all Americans. A statement for health professionals by the
Committee on Exercise and Cardiac Rehabilitation of the Council on Clinical
Cardiology, American Heart association. Circulation, 86(1), 340-344.

Gangwisch, J. E. (2014). A review of evidence for the link between sleep duration and
hypertension. American Journal of Hypertension , 27(10), 1235-1242. doi:
10.1093/ajh/hpu071

Green, D. J., O'Driscoll, G., Joyner, M. J., & Cable, N. T. (2008). Exercise and cardiovascular
risk reduction: time to update the rationale for exercise? Journal of Applied
Physiology (1985), 105(2), 766-768. doi: 10.1152/japplphysiol.01028.2007

Guzzetti, S., La Rovere, M. T., Pinna, G. D., Maestri, R., Borroni, E., Porta, A., . . . Malliani,
48



A. (2005). Different spectral components of 24 h heart rate variability are related to
different modes of death in chronic heart failure. European Heart Journal, 26(4),
357-362. doi: 10.1093/eurheartj/ehi067

Hagberg, J. M., Park, J. J., & Brown, M. D. (2000). The role of exercise training in the
treatment of hypertension: an update. Sports Medicine, 30(3), 193-206.

Hall, M., Vasko, R., Buysse, D., Ombao, H., Chen, Q., Cashmere, J. D., ... Thayer, J. F.
(2004). Acute stress affects heart rate variability during sleep. Psychosomatic
Medicine, 66(1), 56-62.

Heart rate variability: standards of measurement, physiological interpretation and clinical use.
Task Force of the European Society of Cardiology and the North American Society of
Pacing and Electrophysiology. (1996). Circulation, 93(5), 1043-1065.

Hoikkala, H., Haapalahti, P., Viitasalo, M., Vaananen, H., Sovijarvi, A. R., Ylikorkala, O., &
Mikkola, T. S. (2010). Association between vasomotor hot flashes and heart rate
variability in recently postmenopausal women. Menopause, 17(2), 315-320. doi:
10.1097/gme.0b013e3181c2bb6d

Huang, W. T., Chen, C. H., Chang, Y. J., Chen, Y. Y., Huang, J. L., Yang, C. M., & Yang, T. L.
(2008). Exquisite textiles sensors and wireless sensor network device for home health
care. Conference of the IEEE Engineering in Medicine & Biology Society, 2008,
546-549. doi: 10.1109/IEMBS.2008.4649211

Huston, T. P., Puffer, J. C., & Rodney, W. M. (1985). The athletic heart syndrome. The New
England Journal of Medicine , 313(1), 24-32. doi: 10.1056/NEJM198507043130106

Imeri, L., & Opp, M. R. (2009). How (and why) the immune system makes us sleep. Nature
Reviews Neuroscience , 10(3), 199-210. doi: 10.1038/nrn2576

Joffe, H., Massler, A., & Sharkey, K. M. (2010). Evaluation and management of sleep
disturbance during the menopause transition. Seminars in Reproductive Medicine ,
28(5), 404-421. doi: 10.1055/5-0030-1262900

Jovanoy, E., Milenkovic, A., Otto, C., & de Groen, P. C. (2005). A wireless body area network
of intelligent motion sensors for computer assisted physical rehabilitation. Journal of
NeuroEngineering & Rehabilitation, 2(1), 6. doi: 10.1186/1743-0003-2-6

Julius, S. (1991). Autonomic nervous system dysregulation in human hypertension. American
Journal of Cardiology, 67(10), 3B-7B.

Kamel, N. S., & Gammack, J. K. (2006). Insomnia in the elderly: cause, approach, and
treatment. American Journal of Medicine, 119(6), 463-469. doi:
10.1016/j.amjmed.2005.10.051

King, A. C., Oman, R. F., Brassington, G. S., Bliwise, D. L., & Haskell, W. L. (1997).
49



Moderate-intensity exercise and self-rated quality of sleep in older adults. A
randomized controlled trial. Journal of the American Medical Association , 277(1),
32-37.

King, A. C., Pruitt, L. A., Woo, S., Castro, C. M., Ahn, D. K., Vitiello, M. V., . . . Bliwise, D.
L. (2008). Effects of moderate-intensity exercise on polysomnographic and subjective
sleep quality in older adults with mild to moderate sleep complaints. Journals of
Gerontology Series A: Biological Sciences & Medical Sciences, 63(9), 997-1004.

Kuo, T. B., Shaw, F. Z., Lai, C. J., Lai, C. W., & Yang, C. C. (2004). Changes in sleep patterns
in spontaneously hypertensive rats. Sleep, 27(3), 406-412.

Lee, J. 0., Kang, S. G., Kim, S. H., Park, S. J., & Song, S. W. (2011). The Relationship
between Menopausal Symptoms and Heart Rate Variability in Middle Aged Women.
Korean Journal of Family Medicine, 32(5), 299-305. doi: 10.4082/kjfm.2011.32.5.299

Padilla, J., Wallace, J. P., & Park, S. (2005). Accumulation of physical activity reduces blood
pressure in pre- and hypertension. Medicine & Science in Sports and Exercise, 37(8),
1264-1275.

Parry, B. L. (2007). Sleep disturbances at menopause are related to sleep disorders and
anxiety symptoms. Menopause, 14(5), 812-814. doi: 10.1097/gme.0b013e318127188b

Player, M. S., King, D. E., Mainous, A. G., 3rd, & Geesey, M. E. (2007). Psychosocial factors
and progression from prehypertension to hypertension or coronary heart disease.
Annals of Family Medicine, 5(5), 403-411. doi: 10.1370/afm.738

Reid, K. J., Baron, K. G., Lu, B., Naylor, E., Wolfe, L., & Zee, P. C. (2010). Aerobic exercise
improves self-reported sleep and quality of life in older adults with insomnia. Sleep
Medicine , 11(9), 934-940. doi: 10.1016/j.sleep.2010.04.014

Sawka, M. N., Convertino, V. A., Eichner, E. R., Schnieder, S. M., & Young, A. J. (2000).
Blood volume: importance and adaptations to exercise training, environmental stresses,
and trauma/sickness. Medicine & Science in Sports and Exercise, 32(2), 332-348.

Schultz, M. G., Otahal, P., Cleland, V. J., Blizzard, L., Marwick, T. H., & Sharman, J. E.
(2013). Exercise-induced hypertension, cardiovascular events, and mortality in
patients undergoing exercise stress testing: a systematic review and meta-analysis.
American Journal of Hypertension , 26(3), 357-366. doi: 10.1093/ajh/hps053

Soares, C. N., Arsenio, H., Joffe, H., Bankier, B., Cassano, P., Petrillo, L. F., & Cohen, L. S.
(2006). Escitalopram versus ethinyl estradiol and norethindrone acetate for
symptomatic peri- and postmenopausal women: impact on depression, vasomotor
symptoms, sleep, and quality of life. Menopause, 13(5), 780-786. doi:

10.1097/01.gme.0000240633.46300.fa
50



Tamura, T., Mizukura, 1., Sekine, M., & Kimura, Y. (2011). Monitoring and evaluation of
blood pressure changes with a home healthcare system. The IEEE Transactions on
Information Technology in Biomedicine, 15(4), 602-607. doi:
10.1109/T1TB.2011.2156804

Thurston, R. C., Blumenthal, J. A., Babyak, M. A., & Sherwood, A. (2006). Association
between hot flashes, sleep complaints, and psychological functioning among healthy
menopausal women. International Journal of Behavioral Medicine, 13(2), 163-172.
doi: 10.1207/s15327558ijbm1302_8

Tulppo, M. P., Makikallio, T. H., Seppanen, T., Laukkanen, R. T., & Huikuri, H. V. (1998).
Vagal modulation of heart rate during exercise: effects of age and physical fitness.
American Journal of Physiology , 274(2 Pt 2), H424-429.

Vgontzas, A. N., Liao, D., Bixler, E. O., Chrousos, G. P., & Vela-Bueno, A. (2009). Insomnia
with objective short sleep duration is associated with a high risk for hypertension.
Sleep, 32(4), 491-497.

Vogel, G. W., Buffenstein, A., Minter, K., & Hennessey, A. (1990). Drug effects on REM
sleep and on endogenous depression. Neuroscience & Biobehavioral Reviews , 14(1),
49-63.

Wallace, J. P. (2003). Exercise in hypertension. A clinical review. Sports Medicine, 33(8),
585-598.

Yanagimoto, S., Kuwahara, T., Zhang, Y., Koga, S., Inoue, Y., & Kondo, N. (2003).
Intensity-dependent thermoregulatory responses at the onset of dynamic exercise in
mildly heated humans. American Journal of Physiology: Regulatory, Integrative and
Comparative Physiology , 285(1), R200-207. doi: 10.1152/ajpregu.00549.2002

Yang, P. Y., Ho, K. H., Chen, H. C., & Chien, M. Y. (2012). Exercise training improves sleep
quality in middle-aged and older adults with sleep problems: a systematic review.
Journal of Physiotherapy, 58(3), 157-163. doi: 10.1016/S1836-9553(12)70106-6

Yildirir, A., Kabakci, G., Yarali, H., Aybar, F., Akgul, E., Bukulmez, O., . .. Oto, A. (2001).
Effects of hormone replacement therapy on heart rate variability in postmenopausal
women. Annals of Noninvasive Electrocardiology , 6(4), 280-284.

Youngstedt, S. D., O'Connor, P. J., & Dishman, R. K. (1997). The effects of acute exercise on
sleep: a quantitative synthesis. Sleep, 20(3), 203-214.

51



‘ﬁ'ﬁf“
RiBP A FA8Ey FRELR ¢
¥k R

-
Cm\:\«
T

A DR K p i 2014.4.25

laN

VR AR EPRERHe L P APERA B P EE s ] s ek g
w B2 ARGRE S IR

LR A el R - T o L

e Iy BAE T R B % T 5 1 02-28267000£6156
e A 4F A 1 gﬁﬁ . B%k;%i’ N sy BT 25 1 02-28267000£6227
BEAFEALA23 ’?pg B%*«%é‘ DOBAIR TR PR T IS 1 02-28267000%6091
FEBEA HEE O BET T2 BRTE 0912442748

W
PR

$REAFE LK S fﬂlll]“,%.rrrﬁiﬁ)
2 Mo R W # ! A

L s

|~
=y

|~ e ~
T—A

R W ol

g3
L] R 14

RN

— N EH E] m

(=) 'fv]isé’irv;v'si

1. E‘]i@’fﬁf‘)lliﬁﬁﬁ'—}" #i@igéjﬁ _ﬂ_@ ) :uﬂ_ ? E] ]"ZF" b }% E“_’Ié 7;": .
L‘EF\\TV'?'&i p:\.‘.‘rr’;ré Bb Z ‘g%fgﬁ o

2. HTEHVRE L BRER B B é‘ﬁ\ﬂ-@“b_ﬂ_? pEH

a4 ¥ e o Bi“ﬁ"\w%*i PRATE G 2B AR o
3. vl EEK (2040 & e~ 41-60 =~ 61-80 ) ik 1.2
2 AR o

4, VR u it 1 252 £ R o

5., A Ereife g (§F M43 =2090 ~ L MR =30%) **

1.2 78 2 ia“i

(Z )& Rp 138

lﬁ‘w’]@ﬁsﬂ'*“ﬁ#ﬂ_@ ;.%z _ﬂ_}i\,uﬂ_?g,__géq_‘#qﬁ;%%\
2

L‘EF\\-"F'?ZL F:\AI‘—"I4 Bb Z_ fg_f{ °



2B Fp AEFHN L BRAS AL BRERY L LR F A B EN
GBS TN *‘EF\W’%&JE IRAT TS Hb_@—?f_g_fi 0

3. MR BRI RARS B BREE LB i
poEM SR E‘.ii‘gﬂ\r’r'?ﬁﬁ IRATTS R _»,ﬁ,‘,fg'j 0

4, v e E& K (20-40 F o~ 41-60 e~ 61-80 A ode) 3t iR 1,2
w2 Z R o

h, V@A PBHEAI ], 275248 o

6. #3717 Iiw e & (9 1485 5 22500 ~ L AR F =30%) i
.22 Z 3 -

(2) HHTHAS L B2 IR EF2T i FF -

() WRALTHPREL 7 LEHRPL LA o

(I) HFHEHPRE F6 3 THRERY o FH SR ERIE2Z %
Pt H LB RLIER o

() FHARF FTHDRE - RS R2 LB -

Sy RHmOZFIPMEERR

$RFFEE:

1 S’—éz#‘éﬂ’;&wﬁZO—%}%«‘

2. BFE~F) e T2 B SR

3. MARE Sof 5 ek g

4. FH ﬂ%n@ FEBEARBFE S EAREZRP PR
5. %’g_ * Lfizﬁﬁ‘\.&g"\zﬁ&

6 “,/TTL’L\EE\?}’,',‘ E'i“EF\I‘ v

T RAREEEY IR

RS AR

I *F%{EFEANG FIFHRER PR AHERETR S - £
Plo BE B EA SN o

2. BAPREEFF O IFIRF AT IR I XTI e Lo BwA
RHELEAR R BREFT AR AERE  RAFRP AT &Z
Pz PR uEp - FH SER P

3. MW PWREEFR LN BRETIEP S FRF - #8434 HWER R %
TR EREREMR A TP e BT NS B PFe ok - BLE LR
RP A VEEEM AR S La > T AT i FAERER LI o

4, AN BEFFIBP X BT < 8434 MR T % F Aot p Wik
ANERIAFF I BRI 524 ) (L RELZTHF )0

5, FEHRIPFFTIE PO L - oglwpeff o

S T B A g ity

Ji

53



R WA HRER S R AP FRFR A
FEFPRGRT 2 TR RiR L R :
FARN I BRZFRA
Aol L AL A & 2
?%&ﬁ°Fﬁﬁuﬁﬁﬁm1gifiﬂﬂ%ﬁiw’%g%ﬁ%ﬁ%
AL Pt eanpd orifhadpbTEt o FIREBTREFRFI LR 7
AR PO 2 R R A A i AR o S LA A 0 ke
SR LR RO o 0 B E 4 -

mmm
(s

s

s = &= 5 4 gk = _\ 2
LA —-,E!“l""'iib—L/r",‘ ’}\‘5 ;Juﬂg

Iq

0. F IR R BT b A ABI e F S S
3. WAL THAE

e
3
LC\L

%éiﬁAﬁﬁéﬁgﬁwﬁﬂwmwﬁ‘~%ﬁﬁm%&@fﬁ

FALZ W REIL > 7 § 2B c BAF AP T EEF b
[ }"@;JJ BAF&FREEITRLED R LRI ERH

riE LWL R 62 BN R ] AR R

L\#Bﬁ‘ing ERERE R A RS RE KT gz‘%!‘i%'{"’—‘}’-?.'dsj’lﬁ
THZFHR BAEF ENL P2 SR

ANEEEN #E:‘gz‘,ﬂ" f’g‘:

%@*F%%?%%’ﬂﬁ%4% F@éfg,d@%%m+§g
3

%‘ ﬂ\ﬂ-‘",g, (8 Al z’v’ﬂf{f?ﬁﬁl}% ¢ ﬂﬁhﬁ—gzzﬁiﬁo
1 v TR BRI 2 e gk

%.,\Pé BAENGES P FAPFAREFERROER > - BT B
g5 = é*mifi JllT ERZBP S FRF S ROd A
F\ o

54



L ?g_":|1|§’}+’/ m?‘\;}i:

T AggEyE TR &gﬁ*ﬁgﬁﬁgﬁ%?&%i:EJ& VS
4%»‘;;**}'*'@%‘Nﬂ$ieh g ovEp P HASEA jpa/f,;z,p‘;iﬁA;
AFEIRLARTRFELEEY T &AL TR SRS

e A R s R a:IZs-fi\»;‘z;F By E- 7RI
E

AN - =

TE AR SR RWET L FEMAL R
ZHE ?ﬁﬁ;mif@ LR TRV ANDEY - S

3. 5 AT § MehiE R $IRLES: JCRLY oI

4, WwE EFZ 4B AP a gL ERP T AN T ERFE 45
AE IR (R 02-2826700046156 )  4riE ¥ 5=~ 1
mﬁ%ﬁnﬁﬁﬁ’i?lﬁ‘*%m FAtpEmy FE2LE
€3 R e m (FR T 1 2826-70004 #6217 5337 )

5. EH##FG - e FRFLLWFEHFRLT -

LI B
Eal= g FAHEZ %%ﬁ_ff.', B 2N L 7_1‘»/}?52’7\'[“3‘_?;5’5 fho2td A4
BEB: v EA G HEREF T R 3 ERA G EEFRIE
} N2 2.

T 27 gsldeimin A iR

N &éimﬁﬁj%i?i?%ﬂjﬁﬁfﬁéﬁﬁ?ﬁﬁﬁ’a
T AL el E

55



ARAFAEF
R AR AR %
p # g p

RERPEEF
EES NS EE- TN

AL & ¢
papc = ; 2
(—)%ﬁﬁéﬁ@?ﬁpriiéaﬁ%ﬂiﬁ4ﬁf%ﬁ$'
FRHARRIEIRN > P EAF AT UEE e AR
LR SIRARBRT AP L R -
i%ﬁﬁ%
B R
p i E:: 3 2
FEREAES
R A b e
p & 2 i 3
WA ST FRABELAET
B iz
p -2 3 B

(£) Z#BF 2 TARACHFHALF RE
2| %4 ﬁﬁ g F]k'

LA LA L ARREP RS b LR
iAﬂA ﬁm& Fiﬁa&gﬁﬁé%ﬁwg

v A e oL e

[ CARAS ¥ oo
p Ay 3 1 A
b T 3

WA ht ol
L ARRERLTRY PR AR SR EL
ix 2. #\i%’*L}%ﬁiﬁéﬁi*‘;‘é%éf_%??iéé_%ﬁ‘ﬁ’ﬁﬁéiéfx’;fié, A
L3 KRB Rd A AR L TR g R Ak
4 TG PR R

56



(1) £F5d&4 A(EaEAdp- ANT20F 2Rz 2 FAEF): 42Tl
;g_&“goﬁmgAﬁ Fﬁ&;b%f_;c_!;;fy;;x;gv__/\o

(2) *WlFsad A (eap8gp- kot v o LR T R E L) pgER
e FE LT AR - A

(B) “A~t-fehsigs Fro- DFRELE FrREAFLRE 0 28
HER o

LRFFAHY RS e o RESZALATELLLAF Sy L4

Motk NG AR ERLEHE LY BEHH LR

iéﬁﬁ%ﬁféﬁ*ﬁﬁﬂféﬁ*ﬁ’Eﬂiﬁﬂ%éﬁﬁﬁﬁﬁnmﬁ’ﬁﬁ

EEFFRAA LS d R AL A S22 T RAEA LREBE R AR

R fd HAAE Lo L0 p T kGERARM A R A B S REA)

57



Vi =

f];/\?\tgpl

-~ AAFR (FEF-FOBLER  HE - L REEGFRERERT I RR)

) -I? Iﬁﬂ A ﬁ:%
BEGE (P RED) RS
gipH: & 0
Eeata A= - I I I
e I A e P23 cm
RECIY we: g
4p ta@ E 0 plgaEe e B 2480
L8t °C
[E0E 21
Iy
— THF R mmH
THT s AR e
() E-mail : A958R mmilg
ST i
TR °C
R %
M EEXRE
=~ BRI EYR
& iF) 2 c.c. & 3§ (A F- #1600 c.c. )
et & X c.c. & # (-4 2250 c.c. )
'3 & X c.c. & # (-4 250 c.c.)
N &= e EI Y & £ (¢ 20%)
i % & X He #
B & % B, Ldw o BT FH
4v FL & iF = 0 A& =X /| B




e =

W

~ G ERA SRR 4 (PSQD)

wE oG g KA
4o B

DTN G B SRR Y AT M o R B

xS dEp RE

E:u'n»

ks
%%

ok

=1
N -
p
55

L.

B A Sebt RpEf ?

2.

BRI ~pEF & 5 A (A&) 7

3.

% B ¥ Bz 2

4.

{5 X § B pEYFEEE G 0

5. W4 - B0 o @R § 0L BT AT 4R

GEN

. P
A_L’t")‘;s".‘

e A
a. it 30 AR »pE
b. B R Bk
c. F&AR YT
d. =Ee A g
e. TIHLE % B
£, R AF 1l
g BRi#
h. ®E¥%
1. B
REET
6. E2 - B > [§F B F B FA M pE?
W2 - B AEE B R E P F AR BB,
T@jgﬁﬁﬁﬁﬂ%ﬁ%ﬁ?
8.1+ - B 0BG SE b LI PE?
¥ |y w *4F (¥ A 47

[ - s R e PR R 4o 7

59




ESS "fPen £ &

FEE NI BREER 0 20T RS frkpe (3 5 LR LR )
CERES Ve RUERC RN L Y E S

0: i s 2i- Ly 3 samg
3. malkFEIFLF 0 1 9 3
(dr B Feds €387 )
(## zpe@Ea)
5. BT LT kA PE 0 1 9 5
6. LFe AP 0 1 5 ]
7. L hiFEnfERT 0 1 5 ]
[ERE R Y
8. HH VBT 0 1 9 5
Mo fAs P, (Aol B )
&'&A\

ESSHE Pt % - ST &
BA8A LT SR
8-104 & A ¢ # 4
10-124 i erh pee

124 1 b 2ok pe
60



T

- i 5

pea 24 pH4
5 8- EAER | BedE&(ER) |1
L P oD% o% i b R

s
D EAER | Be@Ed(ER) |1
i p of o% e

s
i E= AR | He@EH(FEI) |1
i P of oF iR

s
P AR | B @EH(HEE) |1
U p o o3% R

%
EHT EaAEd | B @ (REA]) |1
g p o& oF b

=
5 EAER | He@Es(aEal) (1
U P o oF i pE

s
L% -N: asd | HEEe(REa]) |1
3 p o& g% R

61




4

BT AREARARERELA®

Institutional Review Board (IRB) of National Yang-Ming University

IRB 4%t - YM103012E
Bl EAMARERE

B B 3L A K BB AH R RTG53 245 1T S RIEHH O hF h s RaE
BRAVAEZ FE D File - MR B SRR ARGGELSES  (BEZTHRA:
% 2R)
AT 10343 A1 BZE1044£3A18
BRI F5AIBRAZECELER G AHHMMREIM4FE5A148 -
45 sbiEeg o
EHRIETARBM » FHEEAMAREREZ 2 428 2T 5 28 ET
EREPFEEARAUAREHRELZERE S UAHBREA TR - R
HRZMBEAN  HRAETOARABAREHIELE eMIBLE  UREE
R o
BABGARPEARAREAELEE§
24§ g

{1l

To Whom It May Concern:
Date: MAY/15/2014
RE:
Title of the proposed study: Effects of physical activity on cardiovascular functions and sleep
patterns: comprehensive discussion on age, gender, obesity, hypertension and insomnia
Version date of Informed Consent Form: Version 2, Date: APR/25/2014
Principle Investigator:
Name: Cheryl C.H. Yang
Title: Professor
Dept. (Institute): Institute of Brain Science
Institution: National Yang-Ming University

The above study was approved by the Institutional Review Board (IRB) of National Yang-Ming
University; this approval is valid for one year till MAY/14/2015. The principle investigator is required
to submit the application for extension 6 weeks before the expiration date.

Chair, Institutional Review Board
National Yang-Ming University, Taipei, Taiwan 112 ROC
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Date: FEB/24/2015

To Whom It May Concern:

RE:

Title of the proposed study: Effects of physical activity on cardiovascular functions and sleep
patterns: comprehensive discussion on age, gender, obesity, hypertension and insomnia
Version date of Informed Consent Form: Version 2, Date: APR/25/2014

Principal Investigator:

Name: Cheryl C.H. Yang

Title: Professor

Dept. (Institute): Institute of Brain Science

Institution: National Yang-Ming University

Institutional Review Board (IRB) of National Yang-Ming University had reviewed and agreed to
continue approving this trial and the approval date is extended to MAY/14/2016.

Vs i

Chair, Institutional Review Board
National Yang-Ming University, Taipei, Taiwan 112 ROC

63



B A

LA N
:r'} 2] 4

B4 e 8 @b mpd n8 5 mLrr (2013.9~2015. 8)
Bz &= g FdmkF gk (2009.9~2013.6)

B ¥eFlg e g (2006.9~2009.6)

g g 4

(D) #hfeZ ~H#2 - 2 £ (2015)c S RERHL =D F o B PHHt
s g B 2 B 2015 B FEF 4 T E Y A E R g

(2) HleZE ~ om0 - By s R ERE (2014) o 44 o TR AJITH < B4
e AL § G T B 201448 7B H K R £ £ g FEE
Vicabrl A

(3) Jung-Charng Lin, Sha Pu Lu Bi, Chia-Chih Lin, Yi-Ting Pan, Yi-TzuLin,
Shih-Ling Chen. (2012). Upland Indigenous in Taiwan may Have Better
Anti-oxidative Capability in Response to Endurance Exercise at Altitude.
Medicine & Science in Sports & Exercise, 44(5).

i1
=
[
B

REETLIE o iR

hn
Lt
™
(o

dEAFKL feA g fA R
dEAREL T kR

F ® SOLO #5 “t £ 4% — s~ J& B % (Wilderness First Responder)

64



