MERE: ERRY

SCIENTIA SINICA Vitae

it

2014 $44% F1H5:94~100 &
www.scichina.com life.scichina.com QSCENCE CHINA PRESS

VG Bz 20 B R 2T 2l i PR RAE

Fresh®, k& kER®

© EARERECE MG 2 b B LR, M 610213;

@ WEAMRF B R S EOR A, R L TRAEME LR E, W% 710049

* It & N, E-mail: zhangjb@mail.xjtu.edu.cn

AR H 9: 2013-08-19; #5252 H #1: 2013-09-23
H R AREARE S AHES: 61302011, 81271659)% BT H

WE HwEK ERFEREDTUSBORKR, TEERSKE TR RAQELF
P A A B AR AR B 07 SR AT OE T TR A 55 B ARG B T b Y A LR iV 2
FG EE 2 YRR K. SRRV, BIRIE 20 VT DR A0 ] 2 R R 1 R, A 4R B A
Rt 2 A0 g KR AR 2. R EERES R T E £ AR R+ RE X SR X
& R A, w8 8] B9 A6 12 B R R, A L 2 o SRR E R T T RO AT R

(ERANEIE X G E INY A ERSN Lk E P

KN B2 R RS Bl U i oK 1 26 B ah &%,
P REHG I 2 Bk I « JC L S PR O JIE R i
PEOHER R AL IEPE R IEI S A2 5, D gp 4
A A A BAE ] SR MOk Z I OeE. A E
[ 55 M DX 2% ) A A 5 B2 2% PR AR T A T BL
BN ARETUR L, RN R R RO B R R,
T 5 00 R (AR AP AN TR RORE 205 | 1
I A S A AN ] B,

ANHGY KRBT, 5 H EEAHIR R
RPN 54 VAR R TR 1 P 1 SR T P A
RE TR Al 22 B R 2 RO 2L A 63 0 W Ss, i1 [
B JEE R AR 25 17 03 RS 1R A ko 22 i )y A7 D1,
TiAb, AEARARAT G S U0 T PR SR AT 45 S0 vy, AS kil
20 B DL S I8 B BUM ML B B J= AN T ik A7 5%, 3R W]
AT JE A T R I R AR b g XA
fEE, B A I 0 A0 ) A SR A 0 3 B AT O R L i 1]
(R A i 2 BT e R GE T i

%421
BES
2T
B
A

12 B

10 1 s ok o ¥ ) R AT AR O B AR A
BN BRI R L, A5 45 ik (electro-
encephalography, EEG)F.0» Hi (electrocardiogram, ECG)
TRAR R T 115 DA 1 AR 0 B 1) R 2 R T AR A e g 1B,
A IUE AL R EEG 1 ECG 155, WA MHZ
] 2% R AT HEST. FATHE ST L 3l i T AR 22,
KMVE ARG AT MO0 4 T5 7%, v A
I DX 2 TR) PR O 2R, T G V2% e e I P, 1 4 L RE RS 5 110
5 B 7 U0 AR, A H R T A LA
S W Ty 6 A 15 7 1) FH 9 82 PR AT 1) 4% 32 bR 4L (directed
transfer function, DTF)J5 %, Jf HiZ 7V &/ 3
55 M A2 1)z 3 I, et i g 2 22 1) 4
B 5 R RIS, EAR N B UL 5 ) A S A%
3 IR SE, DTE SE AT 545 RAPGIE AT 5 i A 12
(F45 e, fEIRK ERAZom s A 4. DTF §7k 2
BT DR PRI B B S0R AR ) B 2 AR )
Mri 77 vk, 31 248 5 [ [HIE B (multivariate

SIS Twedk, ka2, SRR, MR E EMZESNMERIER. hERE Adrkl, 2014, 44: 94-100
FEICARIL: Yu X L, Zhang C, Zhang B J. Study of causal interactions between the cerebral cortex and the autonomic nervous system. Sci China Life Sci, 2014, 57, in

press




FEEE: ARl 20144 H44 % H LW

autoregressive, MVAR) ¥ [ ££ 32 pR £ 43 il LR 47
20 1 AN [FRZS R g oo A AR SR, o] DL
JE 2 A% T R AR AR AT B NN I8 TE TR ) 7 1) 1 s
Mo, A DAFE A 7 v m) DARE PR dde . et e i X (1)
(T Be LK R DTF JE 3T 2248 0 [ [A] o A% (1 2
PE 575 Faes 25 N T — Rk 3 77 %% R 4810 E
2 P AR OC & 0 R IE 4% F 4 (corrected  conditional
entropy, CCE)J7 V2, %7 V240 A0 - fis it DA 2601 P o 1
WEAR TR AR 2] TR IR A E. R EEG
15 KT 78 )2 AT, AHE A OGO i o8 R 19 2 M 7
EHT AW, A EZ RSG5 07
i ARICRH DTF Al CCE J5 i m R s il o e il 2
v R 2 T 1R Dl RE RS & DA S F R 42 RO U2 i)
(two successive R peaks, RR)IE] )5 M RFAESEAT T
I3HT.

1 SR g R A

ZRH
54 AR B MEAERCEAEGERY 22~27 B)BINT

SEEGHF Y. BESR A2 AR W o = IR PR O Bk (heart rate,

1.1

(HR ek 1T55). B2 LRI 12 h LRI 70 /2 (1 HEHR,
TBE G0 T« A% RTINS AT ] o 2 7 AT o M ) A
240, BERRIZNZE). BT RS T RSl R
A SN,

SIS
hy T I G T A B B 2R S, T AT
G WY e HELE [F)— I ) BEREAT . S (R] 24 19:00~
22:00, SEHGHN S AE S 22~24°C (1)L RS =

SERSEA I, W 1A B (1) 02K
TIEFERE T OHE S (i) MidxF21 ECG
5 RO AR P I RR A3 4715 (i) Ji
iT Neuroscan 2y @] $2L[1) STIM =M1 H 2235 1) Gentask
B, gRREsEIAEREAS R WSRO R, (1v)
F4 32 A 1E HRAS I RR )35 58 1) 43 501 388 o sk 2>
10%, % H 08 R0 b (60 H, P75 8 1 DA 0 SR a1 A
Iy Fe 575 & (E 1B).

SR PRI 2 o (1) 2R AR AL &Y IS K
T b w il R R A AN, AT RE R, il
35 min [ AL RS, MBS E ERRET
(FFEME(E; (1) L STIM ZEREAS R UG 55 77 25y 13 5L

1.2

HR)fI& T 1E % K P (HR o AES5) R T IEF K ity dp B 75 . 323808 W 217 3 B A1, s
A
o ; STIM HLRIEF0N0ER10%
ECG IREIRRIEAFD FHRE SRS PR ES
B
=T N NN NN PN NN PN NN DN N PN
RERINBEFS
S L L N R R L RN L SR CP R U
RERIVEEFE
Sy Py P Ly L L Py Ly P L Sy
WBRI0%ECG | [~ | S PO P PO PN R P P
PN e WP e | J —~Jp _ ) Y e NN
Bl ERTR

A PERIOAR S G By D0 AR AN R 55 < B

A
5 minERUR o
TR EE il
= RO
&2

5 minEIRIF PR
AE210 min BEERREGEINBA
WA
By

95



TERRATE: B2 A A AR Bl ) R

AATATHR S, FIIACS 5 min (06 HLALL R 5,
PR SER A OIRZS: (d1D) 22l AR R 10 min;
(iv) SR FH- I 280 [ A 10 g e o bR g v L7
AV Ryl R OB R AR A, RN LR 5
min FR I R B, AR IR RS

1.3 FIERE

i HEL SR R S RN s A Neuroscan 32 5
HL 4% (Neuroscan A, J[H), KH 10~20 FHL B H
W % 4830 5% FP1, FP2, FC3. FC4, FCz, C3, C4, Cz, P3,
P4, Pz, Ol, 02, Oz, FT7, FT8, T7 A1 T8 } 18 i if ik H1
55, ISR ACTIR AN B R . S HlE T
KM FLIEELL, TR A AT A A 0.1~70 Hz, K
FESR 500 Hz, % SEBHPTEI/NT 5 kQ. D%
FRIAE 38 R FH — R AR AL B A, 1 B B 9 ol
BEEAMBE NSRS 10 MEh, %8k
FAT AT S AR B JBORES IR I8 A5 A 4 0~100
Hz, RFEHIZ N 500 Hz.

14 HHEs45Hr

ST /N A 4 RS U B T O LA S R R
3 RR [HJHFFA, 0K i RR (R, O [ 3400
LE3G B IE 0T RR (B 21 () D248 0 4, B0 2R
SEPEREAT VRO, O FEAR S R IR A w2 R e
AT SN I AT A 2 IR s s AR T SR = R 4
FRAEVZ0 AR 1) RR R AT IR R 1 s R4 AL,
2 EH M RR A 5 210 1 g ok T B[R] AR
(autoregressive mode, AR A7 )% #7 11) RR [7] 3 )7 471 i3k
T ZRAE 81, 0 5ok A (low frequency, LF:
0.04~0.15 Hz) M1 & #ichigh frequency, HF: 0.15~0.4 Hz)
By 5674 S 3 o % P02 LF Th el i £ 0.1 Hz
B B A O TR L 5 AT R AR T D 4 5 1,
S5 AT T A 28 RN R A SR AN 22 (35 3P, HE ThoR 32 0
S5 I PR 9 50 200 e i S A 8 A T 5 | 1 0 2R
Pl PR L 2R DL KRR L A 2R ) BT R R i R
RV SI 65 L 5% 2 B vy A0S o 8 AR S P R % W m LA
R B AT A (P R L AR U — A T BAE Y
ACIE AR T IR R s, ARy e AR LG AR S Ik
AL TN 3k S A 28 1) T 17 A A S A 4 ) I T 1
RATURI w3 A5 A %S 2 2 (LF components in normalized
units(nuLF) #1 HF components in normalized units

(nuHF)) 73 531l I VA A BT 37 D 35 00 103 55 8 2

96

# (total power, TP: 0~0.4 Hz)Ji# 25 0~0.04 Hz i Bt T 3
Ji i ELAE.

KT 2 A0 VARSI IR AT [n) A% 33 o £ n] DL
LA 2 oo a) i PR SRR R X, Bk 2 & et i
KV B J2 R Bz J2 8] (1) 77 1) BA K 52 J2 2L A A I,
A i R BN 4SBT DTF &
()

2 (1

DTF BEEAE0, 1IXE 2. HTA#EE Hp
SEARRIFRELRE, BrLL y, () oy () AR R T
{518 j ARG | Z AR K4S B, B4 {E BIR
77 16]. Drcap, T HLAE R 2678 K “FC3-3]-PZ” J7 [ 1)
DTF {5 % 2<“Pz-2|-FC3”J7 [ [f] DTF{H, El %4 DTF 2%
{8, #7icA DTFdiff. Ut, Drcsp, MIME N IF(EF R
“FC3- 2| -Pz” J7 ] 15 B Ui 5 L #, il K IR “Pz-
F-FC3”77 ) A5 B A3, mEEE T 0 WERoR
AN T 10 945 R SE AT Al HoAth S X 2 1) (R4
SIIE X5 Deca.p, i HLAH B,

T N 22 26 B N 1) 3 91 fR A TF 410095 7 ] LUK
M FRZRERNELER R KR, ZHECE T
¥l EEG 155 AN [8) i X AN [) 5 16 1) ) AR B4 R i,
PLAC Oy RR TR AP 271) < 2 K Ot Hs TP 2 ] ey 8] SR
R I RS B SR RSy S, Sy N E T4,
S, US, HIREIRNIFA, & XAH",

Sy ={y,(n=1),qg=1,...01=1,... L}, (2

Sy ={x,(n=1).p=1...PI=1..L} (3
NG RE Vo AT AR CE (| (2.V, )), z
K S H—ATCER, XA REN z [E15 2 A
1 argmin{CE(yj |(z,Vk71 ))}, Loa=k—1.

5 TF R B /N S AR R A i N R B0 D B e, ik
NP A FTALE A B RR N Iy, |S,), TRAHNIT
BT AL 55 15 B Iy, 1Sy US,), M) ) %
R X B Y WA RRETRERRN,

I(y;18,US,)

I<y/ |SY)

AP T 2 W IE Akaike U SZ R AR LI RE

7; (f) (1)

X->Yy —

“)



FEEE: ARl 20144 H44 % H LW

MVAR R H 0l 7126020, SRR 18 A FIEM
o P 5 4 [ I b 2 0 E R AR RN, A
I, al(8~13 Hz)F1 B(13~30 Hz)Hil 2 BE ik [X. 17475 B
(A 77 ) A O HL RR [AVHA PP 51 FLREAS R UGS W (1)
I FELA 5 B B I /N L i o 2 B R T S LA
SRS S R PR RS A SRR . X RR A P 51
AF . 1) i P /N8 L RE T S E00 R L 3 RRE 4 i
AT A ERAY, ERAIE N | Hz, SRJG AL IE
ZAFR, o A5 B i B0 5 ) A B K T RS A
TR,

KA SPSS 13.0 FAFHEATBCXT ¢ K550 0 #r, S5
¥ x +SE £oR.

2 ERER

2.1 LR I R A

PEHIO R IRBAE LS, DR B E R, mdish %
(HF) 1AL i 4 2 26 (nuHE) RS T 2R (TP) W g 48
A — AR ARAT L 2 (nuLF) A S5 FRAE, AR 43 5 v A&
43 19 EEAE(LF/HF) B 5 FEAIR(P<0.0 ) (R 1), #E 0%
IPRAT S5 b, DR BT, SR HEF)FMEH—L
AT (nuHF) W 2 BEAG, 0 — A AT 2 % (nuLF) W]
SN, AR AR 5 AR Ay 1Y) B AR (LF/HF) B 5 1
IR(P<0.01)(F& 2). i W ik 3y g i mr DA 150
Tt e FBRAR, I L4 S0 2R il 12 A fn B ) ok R o
AT A 28 R AT S 25 12 2 AR AL

2.2 AR B M
T TR AT 55 A AN [ i DX o A1 AR 1R £ L

AN 3 MK 4 i, 23 B0 RS s 45 5,
A LLFE H, o BN FC3, C3, C4, P3 Hil T7 1% Pz
FIEH DTF Z{H LA K C4 FHCF] P4 T DTF 218
) kA, HLE 0 DR 2 AH bE 46 %60 i 12 35 18 i (P<0.05),
BATBL N P3 FI C4 FI % Pz S DTF 2 71, 5
o IR 25 A Lb 406 6 {1 {2 35 48 TN (P<0.05). 45 JL R W,
RO R IR I Pz A E A SRR . K 4
O IR S 45 R o SHEE N FC3, FC4, C3, C4,
P3, T7 F1 T8 ‘FHk#| Pz Tt DTF %18, FC3, FC4,
C3 fil C4 FELF| P4 SHLH DTF 253 k41, H5X
HECIR S AH LE 480 25 38 J1(P<0.05), B #Bt N FC3,
C4 1 T7 3:H:3] Pz SHE, FC3 Fl FC4 SH( 3] P4 S5
(1] DTF ZE{E#4 4 5, 15500 ROIR A AR L4t o) {2 5 4
IN(P<0.05). &5 KM, FEHlLORMRE P4 F1 Pz 47
B BT .

2.3 CoJfi ) R SRR A b

VAR 0 AT 45 v i [0) DR SR A5 &5 A dn 1]
3 Frs. 0 HEOCIR AT SO ZREE T R 2077 1] 1)
R i 5 1) KT D B i 7 ) (PR 5 i 5. i
Rk NS AN R R A, O i TR AR A ) IR
A AT B &S, U Pz X 20 AE 5 )
PRGOS B O, S5 R, o = i AT
R E1) AZ TR Aot 28 4738 Tl o 2 9k P R B BRI, i 8 T [ A7
B B R, i 1) PR A ELAE 34 S8 2 .

3 W54
[R5 8 50 R B YK, VL A

R 1 BHLERIBREFN TR ERLRE RS L 2

HR (beats/min) TP(ms?) HF(ms?) LF(ms?) nuHF nuLF LF/HF
PR 73.0£2.1" 303.0+55.9" 146.0+£32.0” 144.0+24.7 46.9+2.7" 53.1+2.7" 1.4+0.2™
o} RS 75.0£2.2 247.0+44.3 106.0+27.5 129.0+18.0 37.7£3.1 62.3£3.1 2.1x0.3

a) *: P<0.05; **: P<0.01. $¥#EHE /RN ¥ +SE
£ 2 BHIORINPORSTIN R DAL R A SR FR A L @

HR(beats/min) TP(ms?) HF(ms?) LF(ms?) nuHF nuLF LF/HF
EGHHYIIEVN 74.0£1.6" 313.0£52.2 98.0+21.4" 197.0+35.7 31.242.3" 68.8+2.3" 2.8+0.3"
W IR 2 71.0£1.5 338.0+51.0 154.0+25.2 167.0+31.2 47.4+3.4 527%34 1.5+0.2

a) *: P<0.05; **: P<0.01. &~ H x +SE

97



TERRATE: B2 A A AR Bl ) R

ZAT KA I i KR T DR DL R
T SAVE SR ¥ 05 vk T DL B 2ok BSOS I
AR R S R I R i R BT AR R IR T O
LB 5993 11 A a4 00 AR SR T YRAT 45 5 6
DR SR AR, 42 1 4 3l 18 AT AR AT 55 0 5 )
Y S A AT AT 08 o, I 08 T2 DX o7 15 800 B 1) DA R
Ml 5 i G 0. AR SCRIAE S 5 20 T Al 9K 3h 5 3
FRZE IR A SIS AT O

VR WAL, i DA s DA B
MZIEENAT IR, MREFIZAE TR, AT A N B = A A
R R PR, 2 B A SR Rl A S 2 1 1
{9 T i 10 DX A 28 70 2 18] R AR B AR I AN 4. A
1B DTF SR AN R X T 356 18] 45 B L 56 ANy 17
MAALREAT T 70 #r, SRR, AT iy X 1
UGN, T DA R R AT 5 P AR R
(R P50 A L T T X A A XA [F] 3 BT LG AR K

£3 EHORRERENN LRSS FKEX DTF ZH A L

o- 5 S oK TR A B-F2 il vk 2 B-%F BUIRAS
Drcs-p, —0.19+0.02" —0.16+0.02 -0.06+0.02 —0.06+0.02
Dcs.p, —-0.18+0.03" —-0.15+0.03 —-0.08+0.02 —-0.07+0.02
Dcaps —-0.15+0.03" -0.13+0.03 -0.06+0.02" —0.04+0.02
Dps.p, -0.17+0.03" -0.13+0.02 -0.13+0.02" —-0.10+0.01
Dr7.p, -0.23+0.02 -0.19+0.02 -0.110.02 -0.10+0.02
Dcaps -0.07+0.02" —0.04+0.02 0.000.02 0.010.02
a) *: P<0.05; **: P<0.01. #¥EH£ "N ¥ +SE
£ 4 BHOLRMPCREX RSN FREX DTF ZE K ©
o-FE il o- X RS B4 1l fin B B-Xof HEIR A&
Drcs-py -0.20+0.02" —-0.16x0.02 —-0.07+0.02" -0.05+0.02
Drca-ps —0.17+0.02" —0.14+0.02 —0.04+0.02 -0.03+0.01
Dcsopy —0.20+0.03" —0.15+0.02 —0.10+0.02 -0.08+0.02
Dca-p, —-0.16+0.03" —-0.13+0.02 —-0.06+0.02" —-0.04+0.01
Dps.p, -0.18+0.02" -0.13+0.03 -0.13+0.02 -0.12+0.01
Dr7p, —0.25+0.02" -0.21+0.02 -0.140.02" -0.11+0.02
Drs.p, -0.22+0.02" -0.17+0.02 -0.120.02 -0.100.02
Drcs.ps —-0.20+0.02" —-0.16+0.02 -0.05+0.02" -0.02+0.01
Drcaps -0.14+0.02" -0.11+0.02 -0.01+0.01" 0.01=0.01
Desps —0.13+0.02" —0.100.02 -0.03+0.01 -0.02+0.01
Dcy.ps —-0.07+0.03" -0.04+0.02 0.01+0.02 0.01+0.02
a) *: P<0.05; **: P<0.01. $¥EHE XA X +SE
A 003 B 0.02
| ANl W AREEN
mPYWIREAT ;s WPV
0.02 4
X i
usif
i Ea%i 0.011
" i
0.011
i N
0.00 \'_Tj |_L| 0.00 .’J_| -
XUER wHERIE XUER RHIN0R

B3 RERIEHLOZATSS O i fE] B R AR E
*: P<0.05(FCX £ K56

98



FEEE: ARl 20144 H44 % H LW

OIMT, R I AR O AT 451 SRR AE i X [7) (1) 4%
AR, R WS T X BB 8 3 % 2 15
) P, BN T A R 6 A M R B 3B B Y 2
$E5 A5 B 7 T E AR
EFREOT, KW A EMg RGN 5 W
BT Co 1 Sh e EAT VR, o -0 A B AR P A 2
BAKRIZUE S B BRI ) R 25 AR A6 S5 7 T,
G b I 18 700 M B0 R I A A 45 Th B BT LE R
O I e (I X 7 T C &80T T KBNS, JFH
S 0 1) R AR F AR A BT 2T (B RO g Bh 2
I 1) S B R & A R AT 7R3 WE 9. O T O 4
G0N R GE A AR ], ASHIE 583 N i N 22 4%
5 P T3 270 PR ARSI 4% A2 00 7 9 SRATE 9 0 fi ) g R
WA KRR EFIECERIIEN EEG {55 A [F i X
AN]SR AR AR B A A SR, DA RO RR T
A1 Bl it s R 2 ) f DR SR A A B R P st
IR R B R AE TR, T
P E BP0, G5 KEI, EEG 4500548 7k
(heart rate variability, HRV)K3% ) B A7 [7) 25 1S pr

PAAR SCAE X BEG {5 5/ A g 1 A0 H HRV AT AH
S A M B FE A 1 B0 SR P g /N D A R R0 F
RR [1] ] (1] CCE X} & PRAT: 45 52 56 Hh i HLRH Lo L2 8] (1)
G CRMAT THIAL. 45 RRW], B HlO R kg
RS S0 R T B B Mg 21000 JE DA B O I 2 0§ 7 1) A
SRS B R RO, MU XA R A A T XA
BELOIE S S AL B BB N, JF B ROIR &R =
TP HPIRA TS, I 200 77 18] (RS & 58 B2 3 K 10 3
0 7 1) (RO R 5 . Abukonna %5 ANPPUR FH R 4 B 2
AT 7 90 BRSO RAT S IO R S R, K
TR DX 2800 JUE P 5 SR S 35 08 . i I8 R s i
FEWITRX L5200 U (RS A 15 10, A se gl 25 ik — b
VLT, IR RAT S5 51 T -0 A0S B 5 5 1)
Ak, RS RN I A AN TG B, IR B 0
A i) A s R ESORIARS LE 2% AP0 17325 mT DA A9 0 A [ i
DX Th e R B R i TR0 A5 S A 32 A BBURRHR A T e 2 M
BB 0 5 75 W I 55 v AN () i DX 3 30) A A 1 o) 22
SR, ARG T S B O R S k. Aok
2 PR I FR OO O R I B E A R — DA

ZH 3k

1 Verberne A M, Owens, N C. Cortical modulation of the cardiovascular system. Prog Neurobiol, 1998, 154: 149-168
2 Critchley H D, Corfield D R, Chandler M P, et al. Cerebral correlates of autonomic cardiovascular arousal: a functional neuroimaging
investigation in humans. J Physiol, 2000, 523: 259-270
3 Santaella D F, Devesa C R, Rojo M R, et al. Yoga respiratory training improves respiratory function and cardiac sympathovagal balance
in elderly subjects: a randomised controlled trial. BMJ Open, 2011, 1: e000085
4 Dabhade A M, Pawar B H, Ghunage M S, et al. Effect of pranayama (breathing exercise) on arrhythmias in the human heart. Explore
(NY), 2012, 8: 12-15
5 Nugent A C, Bain E E, Thayer J F, et al. Sex differences in the neural correlates of autonomic arousal: a pilot PET study. Int J
Psychophysiol, 2011, 80: 182-191
6 Yasui H, Takamoto K, Hori E, et al. Significant correlation between autonomic nervous activity and cerebral hemodynamics during
thermotherapy on the neck. Auton Neurosci, 2010, 156: 96-103
7 Kimmerly D S, O’Leary D D, Menon R S, et al. Cortical regions associated with autonomic cardiovascular regulation during lower body
negative pressure in humans. J Physiol, 2005, 569: 331-345
8 Lay-Ekuakille A, Vergallo P, Trabacca A, et al. Low-frequency detection in ECG signals and joint EEG-Ergospirometric measurements
for precautionary diagnosis. Measurement, 2013, 46: 97-107
9 Cuevas K, Bell M A. EEG and ECG from 5 to 10 months of age: developmental changes in baseline activation and cognitive processing
during a working memory task. Int J Psychophysiol, 2011, 80: 119-128
10 Murata T, Takahashi T, Hamada T, et al. Individual trait anxiety levels charactering the properties of zen moditation.
Neuropsychobiology, 2004, 50: 189-194
11 Stam C J, Van Dijk B W. Synchronization likelihood: an unbiased measure of generalized synchronization in multivariate data sets.
Physica D, 2002, 163: 236-251
12 Urbano A, Babiloni C, Onorati P, et al. Dynamic functional coupling of high resolution EEG potentials related to unilateral internally
triggered one-digit movements. Electroencephalogr Clin Neurophysiol, 1998, 106: 477-487
13

Vecchio F, Babiloni C, Buffo P, et al. Inter-hemispherical functional coupling of EEG rhythms during the perception of facial emotional
expressions. Clin Neurophysiol, 2013, 124: 263-272

99



TERRATE: B2 A A AR Bl ) R

14
15
16
17

18

19
20

21
22

23

24

25

26

27

28

29

30

31

32

33

34
35

36

37

38

39
40

41

42

100

Florin E, Gross J, Pfeifer J, et al. Reliability of multivariate causality measures for neural data. J Neurosci Methods, 2011, 198: 344-358
Pereda E, Quiroga R Q, Bhattacharya J. Nonlinear multivariate analysis of neurophysiological signals. Prog Neurobiol, 2005, 77: 1-37
Faes L, Nollo G, Erla S, et al. Detecting nonlinear causal interactions between dynamical systems by non-uniform embedding of multiple
time series. Conf Proc IEEE Eng Med Biol Soc, 2010, 32: 102-105

Brunner E J, Hemingway H, Walker B R, et al. Adrenocortical, autonomic, and inflammatory causes of the metabolic syndrome: nested
case-control study. Circulation, 2002, 106: 2659-2665

Salomé N, Ngampramuan S, Nalivaiko E. Intra-amygdala injection of GABAA agonist, muscimol, reduces tachycardia and modifies
cardiac sympatho-vagal balance during restraint stress in rats. Neuroscience, 2007, 148: 335-341

Stein P K, Bosner M S, Kleiger R E, et al. Heart rate variability: a measure of cardiac autonomic tone. Am Heart J, 1994, 127: 1376-1381
Heart rate variability standards of measurement, physiological interpretation, and clinical use. Task Force of the European Society of
Cardiology the North American Society. Circulation. 1996, 93: 1043-1065

Burr R L, Cowan M J. Autoregressive spectral models of heart rate variability. J Electrocardiol, 1992, 25: 224-233

Hilz M J, Devinsky O, Szczepanska H, et al. Right ventromedial prefrontal lesions result in paradoxical cardiovascular activation with
emotional stimuli. Brain, 2006, 129: 3343-3355

Lumbers E R, Yan Y Z. A method for determining baroreflexmediated sympathetic and parasympathetic control of the heart in pregnant
and non-pregnant sheep. J Physiol, 1999, 515: 555-566

Malliani A, Lombardi F, Pagani M, et al. Power spectral analysis of cardiovascular variability in patients at risk for sudden cardiac death.
J Cardiovasc Electrophysiol, 1994, 5: 274-286

Mateo J, Laguna P. Improved heart rate variability signal analysis from the beat occurrence times according to the IPFM model. IEEE
Trans Biomed Eng, 2000, 47: 985-996

De Gennaro L, Vecchio F, Ferrara M, et al. Antero-posterior functional coupling at sleep onset: changes as a function of increased sleep
pressure. Brain Res Bull, 2005, 65: 133-140

Mima T, Matsuoka T, Hallett M. Information flow from the sensorimotor cortex to muscle in humans. Clin Neurophysiol, 2001,112:
122-126

Faes L, Nollo G, Porta A. Information-based detection of nonlinear Granger causality in multivariate processes via a nonuniform
embedding technique. Phys Rev E , 2011, 83: 051112

Kaminiski M J, Blinowska K J. A new method of the description of the information flow in the brain structures. Biol Cybern, 1991, 65:
203-210

Nattel S. New ideas about atrial fibrillation 50 years on. Nature, 2002, 415: 219-226

Jayasinghe S R. Yoga in cardiac health (a review). Eur J Cardiovasc Prev Rehabil, 2004, 11: 369-375

Sakai S, Hori E, Umeno K, et al. Specific acupuncture sensation correlates with EEGs and autonomic changes in human subjects. Auton
Neurosci, 2007, 133: 158-169

Shannahoff-Khalsa D S, Sramek B B, Kennel M B, et al. Hemodynamic observations on a yogic breathing technique claimed to help
eliminate and prevent heart attacks: a pilot study. J Altern Complem Med, 2004, 10: 757-766

Skoglund L, Jansson E. Qigong reduces stress in computer operators. Complement Ther Clin Pract, 2007, 13: 78-84

Nakao M, Yano E, Nomura S, et al. Blood pressure-lowering effects of biofeedback treatment in hypertension: a meta-analysis of
randomized controlled trials. Hypertens Res, 2003, 26: 37-45

Schwartz G E. Voluntary control of human cardiovascular integration and differentiation through feedback and reward. Science, 1972,
175: 90-93

Goldman-Rakic P S. Topography of cognition: parallel distributed networks in primate association cortex. Annu Rev Neurosci, 1998, 11:
137-156

McCraty R. Influence of cardiac afferent input on heart-brain synchronization and cognitive performance. Int J Psychophysiol, 2002, 45:
72-73

Abukonna A, Yu X, Zhang C, et al. Volitional control of the heart rate. Int J Psychophysiol, 2013, 90: 143-148

Yu X L, Zhang J B, Xie D D, et al. Relationship between scalp potential and autonomic nervous activity during a mental arithmetic task.
Auton Neurosci, 2009, 146: 81-86

Yu X L, Zhang J B. Estimating the cortex and autonomic nervous activity during a mental arithmetic task. Biomed Signal Process Control,
2012, 7: 303-308

Hamann S, Canli T. Individual differences in emotion processing. Curr Opin Neurobiol, 2004, 14: 233-238



