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Á �

�©æ^ØÓ��{é'ïÄ
° ¾�ö��~<�MõUë��ä¥�wÍ�É. ÄkÀ

^��Ö�'Xê,  �'Xê, �Å�'Xê�En«ØÓ��MõUë��ä, Ùg$^ºx�u

�ÑäkwÍ�É�õUë�, ��?1'�Ú©Û. (JL²: ^ØÓ�{����MõUë��ä

¥�3ú��É~ë�. 3n«�'�ä¥�©þu�Ñ¾<�	c�����£ù^ë���~<


óõU~f. ���5¿�´, �
ú�É~ë��ºx��ÎÒ��, =¾<�MõUë��ä¥

TõUë���~<
óQOrq~f, L²3�EÚOþÏé�MõUÉ~ë��I�ÚOu�â

U¦(J�ä`Ñå.

'�c: �ÆK�êâ, �M�ä, õUë�, ºx�.

Æ�©aÒ: O211.9.

§1. Ú ó

y�)¹!s�5�¯, [Ì!�¬�¸���¡S	Øå±9Ù¦��
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���3. ���L<�%n«ÉUå, <��M ²XÚ¬�)®Ï, î­ö´��° 
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170 A^VÇÚO 1n�ò

Äw�)�u)�Ì�´du�MSÜ�õUë�u)É~, l
�5�õ�<��u$

^E,�ä��{©ÛØÓ�g�M�ä�(�ÚÄåÆ1�[2–6]. E,�äå
uãØ

�£, §�±Ä�¤��d:Ú>�¤��ä. �ä¥�:�LE,XÚ¥���|¤Ü

©, �ä¥�>�L��|¤Ü©�m�'X. E,�ä�{�JÑé�MïÄ�5
é

u[3, 7–9]. 8cÄuõU^��êâ��í��M�ä��{Ì�kü«: Ã��äïÄ

Úk��äïÄ. Ã��ä¥M«�m�>Ø�Ä��5, §ÏLO�M«�m��'X

ê5Ýþ. ~���EÃ��ä��{kÊÏ��Ö�'Xê[1],  ���¦{[1], �Å�

'[5, 10], p&E[11],  �'Xê[4, 12]��. k��ä¥�>Käk��5, ~^��{X�

=#ÏJ�ä[2, 13].

�ïÄl�M�ÝÑu,|^M�ÆïÄ¥~��AAL(Automated Anatomical Labe-

ling)��[14]òý?n��fMRIã�©��90�M«(�M�mé¡, z��M�)45�M

«), ,�©OO�ù90�M«�m���Ö�'Xê,  �'Xê, �Å�'Xê, �EØ

Ó��MõUë��ä, ��'�Ó�|êâ3n«ØÓ�ä¥��Éë�.

§2. á�9?n

2.1 êâ&E

�©�¢�êâ5g¥H�Æ�ä1���° ¥)ïÄ¤, 20¶° ¾�öÚ17¶

�~<. ù20¶° ¾�öþ´Äu¾<,�äIOæ^Diagnostic and Statistical Manual

for Mental Disorders Fourth Edition (DSM-IV).ü|�Áö3c#(F = 1.48, P = 0.2324),

5O(χ2 = 0.12, P = 0.7316), É���m(c) (F = 0.02, P = 0.8792)��¡þÃwÍ�

É. ¤k�Áöþ�m|Ã, c#319��41��m, É���mþ�L9c, u¾cÃ ²

9XÚ5;¾, ÃM	ú¤, Ã­�®N;¾, Ã�Ô9Ë°�6, ¿�¤k�Áö3ë�

ïÄ�cþ\Ý
��Ó¿Ö.

�Áö�fMRIêâÏL3.0-Tesla Philips Achieva whole body MRI Scanner¼�, ×

£ëê: ­E�mTR = 2000ms, £Å�mTE = 30ms, �=�flip angle = 8◦, À��24 ×
24mm2, ©EÇ�64× 64, ��m�þ,×, o�´36�, �þ�4mm, �m:TP = 250.

2.2 êâý?n

êâ�ý?n�)XeÚ½: (1)�Øc10��m:: �Ä�×£m©��Áöé¤ì

�Ø·A, �z��Áö�c10Ìã�Ñ�GØ
. (2)�m�
�(Slice timing): dué

�M?1×£�, z�êâØ´3Ó���m:¼�, ÏdI�ò�M�¤k�êâÑ


��Ó���m:. (3)ÞÄ
�(Realignment): �Ø�Áö3×£L§¥duÞÄ�)�

K�. (4)�mIOz(Normalize): ò�M¤kã��O�Ó���m, ­æ��ò�My
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©¤3 × 3 × 3mm2���N�. (5)²w(Smooth): ~��mD(Ú�Á)¿(���É.

(6)�5¤£(Detrend): �X�m�O\êâ&Ò¥yþ,ª³½´eüª³, §é(Jk

�½�K�, ����Ø. (7)$ÏÈÅ(Filter (0.01–0.08hz)): ~��áÚ%a�)nD(

�K�.

�©|^�®���Æ?��êâ?n^�DPARSF (Data Processing Assistant for

Resting-State fMRI)éêâ?1ý?n, ��z��N���©�mS�. ,�Uì

AAL��ò��¥z�M«¤kN���©�mS�¦²þ, ���ØÞÄëê, x�&

Ò, �M²þ&ÒÚMB�&Ò��Cþ�K���90�M«��mS�[10].

§3. �ä�E

©O^��Ö�'Xê,  �'Xê, �Å�'Xê�ï�Áö��MõUë��ä.

3.1 ��Ö�'

Pearson�'XêÏ~^5ïþü�Cþ�m��5'X, ´�{ü�~^��''

X, ����3[−1,+1]�m. �©ÄkO�
üüM«�mS��m��'Xê, ^§5

Ýþü�M«�õUë�.

ri,j =

n∑
i,j=1

(xi − x)(yj − y)√
n∑

i=1
(xi − x)2

√
n∑

j=1
(yj − y)2

, (3.1)

Ù¥xi, yj (i, j = 1, 2, . . . , n)©O�1i, j�M«��mS�, x, y©O�1i, j�M«��m

S�þ�, n´�mS���Ý.

3.2  �'

�M´��E,�NX, M«�m�éX�nE,, Ï~ü�M«�ë�´ÏLÙ§

M«m��)�. �©O�
3Ù§M«�K�eüüM«m� �'Xê, ^§5ïþ

ü�M«�õUë�.

ri,j|k =
ri,j − ri,krj,k√

1− r2i,k
√

1− r2j,k
, (3.2)

ª¥ri,j|k�31k�M«�K�e, 1i�M«�1j�M«m�Pearson�'Xê�; ri,j�

1i�M«�1j�M«m�Pearson�'Xê; ri,k�1i�M«�1k�M«m�Pearson�

'Xê; rj,k�1j�M«�1k�M«m�Pearson�'Xê.
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172 A^VÇÚO 1n�ò

3.3 �Å�'

�Å��«��Å, ´�«�Ýk�, ²þ��"�AÏÅ/. �Å�A^Ì�´&

Ò�?n, X&Ò�D, �Åã�Ø ±9A�J��. �©$^4�­UlÑ�ÅC

�[15, 16]©Ûz�M«�²þ�mS�, ��z��Áö�90�M«�m��Å�'Xê

Ý
, }Á�ï�MõU�ä.

3.3.1 4�­UlÑ�ÅC�

�X´�Ý�N��mS�, ©O½ÂjY²e��ÅÈÅì{hj,l; l = 0, 1, . . . , Lj − 1}
�ºÝÈÅì{gj,l; l = 0, 1, . . . , Lj − 1}, Ù¥Lj = (2j − 1)(L − 1) + 1, L�Ð©ÈÅì

�°Ý. �A�, 4�­UlÑ�ÅC�(MODWT)��ÅÈÅìÚºÝÈÅì©O�

h̃j,l = hj,l/2
j/2, g̃j,l = gj,l/2

j/2. ò�mS�ÏLÀJ�ÈÅì���ÅXêÚºÝXê,

=‖X‖2 =
J∑

j=1
‖Wj‖2 + ‖Vj‖2, Ù¥Wj , Vj´jY²e�MODWT�ÅXêÚºÝXê.

3.3.2 �Å�'

3éz�M«�mS�?1©)��, ü�M«m��Å�'Xê½Â�

ρXY (λj) =
γXY (λj)

υX(λj)υY (λj)
, (3.3)

Ù¥γXY (λj)�ü�M«X,Y�mS�����

γXY (λj) =
1

Nj

N−1∑
l=Lj−1

W
(X)
j,l W

(Y )
j,l ,

W
(X)
j,l ,W

(Y )
j,l ´1λj = 2j−1���mS�MODWTXê, Nj = N−Lj +1. υX(λj), υY (λj)

´�mS�X,Y��ÅIO�[17]

υX(λj) =
√
Var (Wj)/2λj , υY (λj) =

√
Var (Vj)/2λj .

§4. �äÉ~õUë�

4.1 Ú\ÚOþ

<a�MÏ~�£ã¤��DÕ�, dp���­.5��x�E,�ä[18], ¢S�

3��õê�.�äÑäkDÕ5, ÑI�ò�ä�DÕÝ��3�½��[19–21]. �M�

ä¥¢SÑy�oë�ê8Ø±�ä¥���U�ë�ê8=T�ä�DÕÝ. Ïd�©

3�E�MõUë��ä���½K�ò�äDÕz¿����z�ä,�2?1e�
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Ú©Û. duz��Áö���z�äØ���Ó, u´�©©Oé¾<��~<��ä

?1
U\.

ºx�(risk difference, RD)´61¾Æ¥^5ïþ�³�;¾�m'X��~^�Ú

Oþ��[22]. �©©Oò¾<|Ú�~<|U\��oN�ä?1'�, O�z�^õU

ë��RD�[4], ddþzz�^õUë�3¾<|��~<|¥�'Ç���, O�úª

½Â�

RD =
LP

NP
− LH

NH
, (4.1)

Ù¥LP , LH©O�z^õUë�3¾<|��~<|¥¢SÑy�oê; NP , NH©O�

¾<|��~<|�o<ê.

w,����, `²Të�3¾<|��~<|��É��, @�´É~ë�.

�RD�K��,`²¾<�ù^ë���~<
óõU~f
. �RD����, `²¾<

�ù^ë���~<
óõUOr
.

4.2 uÿÉ~õUë�

^ÚOþRD�uÿõUë�´ÄÉ~�I��EÚOþ�©Ù¿?1wÍ5©Û.

4.2.1 �EÚOþ©Ù

éu,^�½�õUë�, b�§Ñy3¾<��~<¥�VÇ�p, q, �0 < p, q < 1.

§3¾<|��~<|¥¢SÑy�oê�LP , LH , ¾<��~<�o<ê�NP , NH , K

Të�3¾<��~<¥�'~©O�

ξP =
LP

NP
, ξH =

LH

NH
.

qÏ�LP , LH�pÕá, K¾<|��~<|¥Të�¢SÑy�oêLP , LHþÑl

��©ÙLP ∼ B(NP , p), LH ∼ B(NH , q). d�ê½Æ9¥%4�½n��, ξP , ξHCq

Ñl��©Ù.

ξP =
LP

NP
∼ N(p, p(1− p)/NP ), ξH =

LH

NH
∼ N(q, q(1− q)/NH).

�ÚOþRD�©Ù�

RD ∼ N(p− q, p(1− p)/NP + q(1− q)/NH).

Ï~ÚOþRD�n)´Të��Score�©, P�S.
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4.2.2 b�u�

b�Të�3¾<|Ú�~<|Ã�É, =p = q, K

S = RD ∼ N(0, p(1− p)/NP + q(1− q)/NH).

Pσ2 = p(1− p)/NP + q(1− q)/NH , KS ∼ N(0, σ2), S/σ ∼ N(0, 1). éu�½��&

Y²α, P{|S/σ| < Sth} = 1− α. KSth = σ × Φ−1(1− α/2) = −σ × Φ−1(α/2).

Ïd, |Ŝ|��&Ý1− α��&«m�(−Sth, Sth). ���|Ŝ| > Sth�@�Të�3ü

|�Á¥kwÍ�É, ù�éz^ë�þ�u�ÑÙ´Ä�wÍ�É�õUë�.

4.3 ��u�

��u�´�«­è��ëêÚOu��{. ÙÄ�g�´: é��?1^Sþ��

��­#O�ÚOu�þ, ¿�E²�©Ùu�(J´Ä��, ù3���u�¥�Jc

�wÍ[23, 24]. �uÿÑ,�^õUë�3ü|�Á¥kwÍ5�É�?1��u�, ò¾

<��~<�^S�Å�Ï, UìþãO�RD��Ú½­#O�3#S��¹eTë�

�RD�. ù���Ng�, ÚOÑ��ÚOþRD�ÎÒ�Ó�ýé��uT����g

ên, ògênØ±��gêN¦�p�. eTë�3��u��p�é�(Ï~�K�0.05),

`²�VÇ¯�u)
, Aáý�b�, @�Të�3ü|�Á¥kwÍ5�É, dd�ä

Të��3wÍ�É¿Ø´�ÅÑy�(J.

§5. (J©Û

�©Äk©O3��Ö�'�ä,  �'�äÚ�Å�'�ä¥?1'�. ¾<��

~<��Ö�'�ä�é'¥k48^É~ë�,  �'�ä¥k36^É~ë�, �Å�'

�ä¥k30^É~ë�.

ã1¥, l��m©O´l��Ö�'Xê�ä,  �'Xê�ä, �ÅXê�ä¥u

ÿ��õUÉ~ë�. �Ú�L«¾<|�ù^ë���~<
ó~f, çÚ�KL«¾

<|�ù^ë���~<
óOr, ¿�ù
É~ë�þÏL
��u�(p < 0.05). �M

�90�M«�y©�6��ä�¬: %@�ä, 5¿å�ä, Àú£O�ä, fú�ä, a(

$Ä�ä, e���ä[4]. �©3n«�ä¥þu�Ñ	c�(PCUN)–���£(PCG)�

wÍ�Éë�. 	c�����£´%@MõU�ä¥�­�!:. 3·E�õU^��

êâ©Û¥, %@MõU�ä´ïÄ�­:«�. Ï�3ù«�¹e%@MõU�ä´?

u-¹G�[25, 26], =ù��äU3·�>E��ÿ�±X�M�¹ÄY². ã1A¥¾<

	c�����£ù^É~ë�Ñy3�m�M, ã1B¥	c�����£Ñy3��

M, ã1C¥K�Ñy3m�M. �Ø+´Ñy3�m=��M, ù^ë�3¾<|¥��
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ã1 ��Ö�'�ä(�),  �'�ä(¥), �Å�'�ä(m)ú�É~ë�

~<�'þ´wÍ~f�, ù¿�X¾<�	c�����£ùü¬M«Ñy
É~Cz.

3·EG�e, 	c�����£«�´M«��¹Ä�¹�M«��. 	c� uÞº

�SýÜ©, CAc5�MõU¤�ïÄuy, 	c��éõpY²�@�õUk', ��

��£3%@�ä¥å­��^[25, 27]. �©¤�(J�,
 ²;¾�ïÄ(J��: õ

Äw�ö·E�e	c�9���£3õUë���~<�'�Ñy~f[28–30], k�Ý

¢#����ö·E�%@õU�ä�õUë�Ú	c�9���£«�ÑyP~[31].

�e5�©ò��Ö�'Xê�ä,  �'Xê�ä, �ÅXê�äuÿ��É~ë

�?1
üüé', (J3L1, 2, 3¥. ��Ö�'�ä� �'�ä¥, ¾<��~<�

�ÓÉ~ë�k10^, ��Ö�'�ä��Å�'�ä¥´9^,  �'�ä��Å�'�

ä¥´6^.

L1, 2, 3¥�ë�©O´3��Ö�'�ä– �'�ä, ��Ö�'�ä–�Å�ä,

 �'�ä–�Å�äé'�éÑ�ú�É~ë�, ù
ë�þÏL��u�(p < 0.05).

�©uyL1ÚL3¥PCG.L–ANG.LÚROL.L–INS.Lùü^É~ë��ÚOþ�ÎÒ�

�. 3��Ö�'�ä¥PCG.L–ANG.Lù^É~õUë��RD��−0.3794,  �'�

ä¥K�+0.2824, �Ò´`ù^õUë�3��Ö�'Xê�ä¥¾<|��~<|


ó~f
, 
3 �'�ä¥¾<|�ù^õUë��
Or
. Ó�, 3 �'�ä¥¾

<|ROL.L–INS.Lù^õUë���~<|
óOr
, 
3�Å�'�ä¥¾<|ù^

õUë��
~f
. ��ù«�¹��Ïéõ, 3�E�ä�ÏL¬<��ýk�½�

�K�, ÏLù�K����ä�DÕÝ2?�ÚO�z^ë��ÚOþ, 
ù�K�Ï

~´®kïÄ¤J¥®y²
�äkÚO¿Â�þ, ØÓ�K�é(J�k�½K�. �

©@�3ù«�¹eI�u�¤�(J���5, =��u�. ����ü^É~ë�3

ØÓ�äe�ÚOþ�ÎÒ��, �ë���u�����p�.
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L1 ��Ö�'�ä� �'�ä�m��ÓÉ~ë�

Region Region
RD P

(��Ö�'/ �'�ä) (��Ö�'/ �'�ä)

PCG.L PCUN.L -0.4382/-0.4059 0.000/0.004

PCG.L ANG.L -0.3794/0.2824 0.005/0.020

IFGtriang.L IFGtriang.R -0.3794/-0.3059 0.000/0.000

ROL.L HES.L -0.3647/-0.3412 0.015/0.006

MFG.R IPL.R -0.3647/-0.3824 0.015/0.000

ROL.R SMA.R -0.3618/-0.3794 0.002/0.012

SFGmed.L SPG.L 0.5000/0.2912 0.000/0.026

ORBinf.L MTG.L 0.3000/0.4912 0.000/0.003

CUN.L LING.R 0.2647/0.2912 0.018/0.003

IPL.R SMG.R 0.2618/0.3618 0.018/0.000

L2 ��Ö�'�ä��Å�'�ä�m��ÓÉ~ë�

Region Region
RD P

(��Ö�'/�Å�'�ä) (��Ö�'/�Å�'�ä)

HES.L STG.R -0.4382/-0.4382 0.005/0.001

IFGtriang.L IFGtriang.R -0.3794/-0.3059 0.000/0.005

ROL.R SMA.R -0.3618/-0.4118 0.002/0.000

ANG.L ANG.R -0.3559/-0.4735 0.013/0.000

HES.R STG.R -0.3471/-0.2971 0.016/0.020

PCG.R PCUN.R -0.3029/-0.2618 0.000/0.007

SFGdor.L MFG.L 0.3382/0.5059 0.000/0.000

MFG.L ITG.R 0.3000/0.2500 0.005/0.000

PoCG.L ITG.L 0.2412/0.2500 0.035/0.019

L3  �'�ä��Å�'�ä�m��ÓÉ~ë�

Region Region
RD P

( �'/�Å�'�ä) ( �'/�Å�'�ä)

MFG.L MFG.R -0.4647/-0.2794 0.002/0.027

ROL.R SMA.R -0.3794/-0.4118 0.012/0.000

IFGtriang.L IFGtriang.R -0.3059/-0.3059 0.000/0.005

TPOsup.L TPOmid.L 0.4147/0.2824 0.006/0.028

SFGmed.L SPG.L 0.2912/0.2412 0.026/0.114

ROL.L INS.L 0.2529/-0.2647 0.039/0.006
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lL1, 2, 3¥, ·��±w�3ØÓ��ä¥�É~õUë�E,�3Xú��Ü©,

§�´ROL.R–SMA.R, IFGtriang.L–IFGtriang.R, 4�M«©O u�5¿å, fúk'

��M�ä.

ã2 ��Ö�'Xê�ä,  �'Xê�ä, �Å�'�äeú�É~ë�
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The Study of Brain Functional Connectivity Based on

Medical Image Data

Huang Jing Guo Shuixia

(College of Mathematics and Computer Science, Hunan Normal University, Changsha, 410081 )

This paper studies significant differences in functional connectivity between schizophrenia patients

and healthy controls by different methods. Firstly, three different brain functional networks are constructed

by Pearson correlation coefficient, partial correlation coefficient and wavelet correlation coefficient, and

then the paper uses risk difference to find out those significant differences. Finally, a comparative analysis

is made. The result shows that common and abnormal connectivity exists in different networks where

functional connectivity between the precuneus and posterior cingulate cortex weakens significantly among

schizophrenia patients compared with controls. And more notably, the sign of some statistic appears in

some significant functional connectivity is completely contrary. That is to say, as opposed to controls

this functional connectivity in patients is both strengthened and weakened simultaneously. It shows that

statistical test makes the results more persuasive as searching for abnormal functional connectivity in

brain networks in terms of statistics.

Keywords: Medical image data, brain networks, functional connectivity, risk difference.
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