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Abstract: The baroreflex is one kind of homeostatic mechanisms to regulate acute blood pressure (BP) changes by
controlling heartbeat interval (HBI). To quantify the effect of baroreflex, we suggested a new approach of analyzing
Granger causality between systolic BP (SBP) and HBI. The index defined as baroreflex effectiveness (BRE) was gen-
erated by the hypothesis that more effectual baroreflex would be related to more effective Granger causal influence
of SBP on HBL. Six obstructive sleep apnea (OSA) patients (apnea-hypopnea index, AHI > 5 events/hr) and six normal
subjects participated in the study. Their SBP and HBI during nocturnal sleep were obtained from a non-invasive con-
tinuous BP measurement device. While the BRE (mean + SD) of normal subjects was 47.0 + 4.0%, OSA patients
exhibited the BRE of 34.0 + 3.8%. The impaired baroreflex function of OSA patients can be explained by the phys-
iological mechanism associated with recurrent hypoxic episodes during sleep. Thus, the significantly lower BRE in
OSA patients verified the availability of Granger causality analysis to evaluate baroreflex during sleep. Furthermore,
the range of BRE obtained from normal subjects was not overlapped with that obtained from OSA patients. It sug-
gests the potential of BRE as a new helpful tool for diagnosing OSA.
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Table 1. Anthropometric and sleep characteristics of study
subjects.
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Fig. 1. Blood pressure (BP) waveform recorded from a non-
invasive continuous BP measurement device. (a) Systolic
BP, (b) Heartbeat interval.
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Table 2. Evaluation of Granger causality between systolic
blood pressure and heartbeat interval.
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Fig. 2. Box-plot for comparing the baroreflex effectiveness
(BRE) of normal subjects and obstructive sleep apnea patients
(Mann-Whitney U-test, *P < 0.01).

97



98

TEQlA) QA BAS ol 85 AL SRR EFS $0] S B Q8] bt ako] Wb - ATk er al

. 235 &2}

el ol Fsppoupi®t Fuprosppll Bk 2
e A 7+ 0.09 (io 03), 0.19¢ 0.07)2] ZFo.2 AL T,
= A ol A9l Fsppoupi®t Fuprssep
9 %L(i E%ud_ })% Z+zF 0.07(x 0.02), 0.20(+ 0.05)2]
grow 2AEUKE 2)

el 23 Y SRS B TolA 2AE
BRE®9] HQ)(2]47) — A= 2+ 43.1 - 52.2%2} 28.7
=389.1% Ut} E3F A4 2t HAA HEFeES o
oA BRES] B+ &S 3 & Ax, Z+z
47.0(= 4.0)%2} 34.0(= 3.8)%9 ZF2 7HIA= AS &
T SASIHHGE 2).

A A 23, Fsproupt Fuprossell el & o= 1k
L9103k 2pol7} ZA5FA] ottt Mann-Whitney U AA.
Fspp_ypr: P=0.24, Fypr,spp: P=0.82). 9t o] BRE°] of
A= 7 o bl f-emlgh Zpol7t E2Ask= Aol ASE S
ttMann-Whitney U A, P < 0.01) (F 29} 13 2).

il
d

rO
et

B ATolAE 7lEe] AGE T Qh487] WA B
o A QAN o]F FHfaA} SHe ARRA UP4g
7] WAl ofsl) 4:57] Wetat Al 7] ApolollA] HAE=
QakgkAle] 3. AaAe] JeEsts s HaiE
TEelA Qb B4 e AFHom Al 1 A}
SEA o] AR Rokx NS Wl 9
The Aol B Avele] Ae A5AE 2e 4 st
QI4=87] WAL EHHA Q42 5257] Agto] Al 7]
of 2= Qlmbdo] SET ACE §3 Msd WA uhg
o p4=87] Wk Eake] WX E, BRES it
o] NES Fo AWE A}, A SULEFE BAE
el VIS S 3 L) b w3 ol
ol oA Q50
sgomue AL, 24
5ol £37} w0 fug f)
& Wgsla e “aolck. web S8 F 8] Al
u e ARl Aot ol

(

sz
w, AR iLol e el wslet A s

3
3t o] e el Wlel FH (overlap)El kel
L o] Fugr). 53] FEHo Auo| Ay 4

A7} 5(&/A1ZhelE 15 my
7 &Ap oll disf 240 o]FolHsole Etekal

r:

© 57k ks Hol
Tl AN P5g7] WAt &

BEEZ ZMOH g4 5
*HET nmA B AL 202

l

_9_
oy E
s}

E2 oft}. of °
£ Hsstn Bk S SHY dgolch. E
B ATE % o WA 9% Ages et S
o Aol et WAITe AaTenA Hgte s
£ ke AR QT @A) A A1eEe vigow
8o 3L o] g3 AHE A5 2= (load cellolit

PVDF(polyvinylidene fluoride)ZEX414], EMFi (electro-
mechanical film)AlA 52 ©| &%+ A&t (ballistocar-
diogram) 850] 7}55tH o] 25 E ¢57] Eof A} 4
U} 7] AES 348 W 5 olok ola Wy B o

3 7
of 28 A AHY $UEEFHY B, B A

7FsdE 71 4= i
References

[1] K. Narkiewicz, C. A. Pesek, M. Kato, B. G Phillips, D. E.
Davison, and V. K. Somers, “Baroreflex control of sympa-
thetic nerve activity and heart rate in obstructive sleep
apnea,” Hypertension, vol. 32, no. 6, pp. 1039-1043, 1998.

[2] V. Cooper, C. Bowker, S. Pearson, M. Elliott, and R.
Hainsworth, “Effects of simulated obstructive sleep apnoea
on the human -carotid baroreceptor-vascular resistance
reflex,” J. Physiol., vol. 557, no. 3, pp. 1055-1065, 2004.

[3] L.E. Drager, V. Y. Polotsky, and G. Lorenzi-Filho, “Obstruc-
tive sleep apnea and atherosclerosis: an emerging risk factor
for atherosclerosis,” Chest, vol. 140, no. 2, pp. 534-542, 2011.

[4] Y. Ouchi, E. Ohga, T. Tomita, H. Wada, H. Yamamoto, and
T. Nagase, “Effects of obstructive sleep apnea on circulat-
ing,” Br. J. Ophthalmol., vol. 97, no. 2, pp. 206-209, 2013.

[5] G. Parati, M. Di Rienzo, M. R. Bonsignore, G. Insalaco, O.
Marrone, P. Castiglioni, G. Bonsignore, and G. Mancia,
“Autonomic cardiac regulation in obstructive sleep apnea
syndrome: evidence from spontaneous baroreflex analysis
during sleep,” J. Hypertens., vol. 15, no. 12, pp. 1621-1626,
1997.

[6] J. T. Carlson, J. A. Hedner, J. Sellgren, M. Elam, and B. G
Wallin, “Depressed baroreflex sensitivity in patients with
obstructive sleep apnea,” Am. J. Respir. Crit. Care Med., vol.
154, no. 5, pp. 1490-1496, 1996.

[7] C.Iber, The AASM manual for the scoring of sleep and asso-
ciated events: rules, terminology and technical specifica-
tions: American Academy of Sleep Medicine, 2007.

[8] C. W. Granger, “Investigating causal relations by economet-
ric models and cross-spectral methods,” Econometrica, vol.
37, no. 3, pp. 424-438, 1969.

[9] A. K. Seth, “A MATLAB toolbox for Granger causal con-
nectivity analysis,” J. Neurosci. Meth., vol. 186, no. 2, pp.
262-273, 2010.



