
 

 33 

��������	��������	��������	��������	 

 
� � �� � �� � �� � � 1111���� � �  � �  � �  � �  2222���� ! " #! " #! " #! " # 3333���� $ % &$ % &$ % &$ % & 1111    

1��������	
���
����	
�� 
2 � � � � ����� � 3 � � � � �����  

 
' (' (' (' (     

 
	
� � � � �  ! "# $ %& ' ( ) * + , - . �/ 0 1 2 3 "	
4 5 6 7 ( 8

9 � � �: ; < = > ? @ A B C < D E FG H "	
I J K �: ; ( L M � � N O �H P

< = FQ R S 	
T "K �< = > ? �U V ( @ A B C W X Y � �  ! FZ G 	
[ 24

\ ] K �^ _ ` a b cRMRd� e f g "h @ A B C W : ; i j k Y l m f g F# n o p

e q r	
: ; < = s# $ t u v w x y 	
4 5 6 7 ( z { | } F~ z � "< = � � �

� � ( � � � � c� � O ��< = d� � 6 7 � D � � ' ( � � F� � �
� � 	
� e

4 5 < = � � � � � � F# $ � } L M 1 � � � � l � �c%d	
( � � > ? cK �� L

M ( > ? d� � � � ( � � � f Q �c�d	
+ < = > ? � � � � ( � � � � � ] T � F

l m "�
  � � ¡ ¢ 	
� � K �> £ ( ¤ ¥ ¦ § "̈ £ �© ( T � Y ª P   � e « r¬

K � } Q � ­ © � } sF	
¤ ¥ ® [ � � ¯ ° ( � } �r	
R S s±r² ³ ] ´ sD E "

G H µ � ¶ ( ² ³ � X · ¸ Fl m "¡ ¢ 	
( r¹ b s� � º » 6 7 N 	
¼ ½¾ ¿ (

À %$ E Á M � F 

 
����������������� �� �� �� � ����� 	 
 �� 	 
 �� 	 
 �� 	 
 � ����� 	 � 
� 	 � 
� 	 � 
� 	 � 
 ����� �� �� �� �     

 

������ � �  	 
 � � �
 � � � � � � � �  

� �� � ��02�25774624 � 831 E-mail�kch@tpec.edu.tw 



��������	 

 � � 
 33~42 ��2004.09�  ��8 9 : ; $ < =  

 

 34 

) * + , � - ( .) * + , � - ( .) * + , � - ( .) * + , � - ( .     

( ) Å C ] � � C � � � © ² Ø �insulin 

resistance�DËù � ² Ø * � $ ² � l ¹ � � Ã

� � ô � Ñ � Ò � � � Ëù ú Ã Ò + , x4

R e Å Ò _W ` Ä _i N _D 8 Ò _ ­ ú R

� � É È û * � § O s \ P Í n ù ú Ã Ò �

. � Í Þ ¸ k W & 500 Q � � û R | G ô õ

� ��� p " ( ) Ý À �¦ � ? � Ë * � ô

� � � � � y � �k L ¡ Ö H T � ù � Ù Ú

¡ P Í � 5%ûî Í * � ( ) n § O � ô �²

Êhnöó�Kw�û· = ë ù 20 k ì � q

� ( ) l � � w�² Êì À ËÃ � �( ) Ý

À Ì < Cl ¹ S ^ � � � ã ¢Ë b c �© �

î ë ì ¦ � í � û 

 
 

/012��345)*�6789/012��345)*�6789/012��345)*�6789/012��345)*�6789    

l ¹ à � Õ # ã þ T R S ×Ël� i U

ã M þ � � �� þ * ' ûn ì Ó = ë i Ël

¹ � � � I » V _l W � `   � T ¤ i � Ë

é � ¿ ã � X � � M þ � o�l ¹ Ë� nù

ú ð ñ Y � � ¡ 4 � W�� þ * Fû¡ 4

�ËnS ^ � M þ � � � Ñ V Ën � � ¼ �

T ¤ i � � ¾ Ë� ¯ Â Y \ � �* F¡ 4Î

s Í s � 7 å û�æË² � l ¹ > Ð ¿ � ª

�� � M þ � o�Booth �Ë2002�û� � �

M þ �� � � ·¸ � 3 � M þ 7 ^ � B ò 4

� � þ = ¿ � � û7 ^ � B ò ¯ � Bv L �

S Z � I � � �Ë ¯ M þ ? � 4� � n ¦ B

� × � � l � � , ûS Z M þ � �  � y ã

< 
 Ð Å [   [ E � [ Y ± � hydroxyl- 

group�Ëù� V � é S Z n M þ � û ü i ; �

¯ ü' V � Íw� � ¦ l ¢ Ë M þ 7 ^ � B

ò � æ ¼ W û 

�  � 3 C·¸ � 3 � � � � � M þ �

I � � � Á Â û ¯ i �  � 3  ´ � � � �

û ü m Ëá � ¿ ã � � M þ �C � T � oDË

¯ � � M þ �M FË + , 47 ^ � B ò CS

Z M þ Ë  ¸ ´ � B�w�Íw�û � � =

n �� � � �Ë ´ � B�Ð \ Ì � : ; ¤ ]

�King et al., 1997�û�æË�  � 3 4� �

� �ü/Bý h ¾ ] : ; ^ \ã Ð s _ Ü �

� � ·¸ � 3 M þ û 

� � � k ì Ël ¹ ¸ » h k � 3 t ë �

� ´ � Ó � d � � þ Ë î Í C þ = ë 4 « º

7« k ì ` ´ l � a Î _ × ´ > � + R _�

� 9 b � � w_ x ; Ä � ü � o�w��Á

Â CÁ 
 �$ / �Ë é � l ¹ n  - ¾ ; �  

´ � i R > � Î s ûl ¹ S ^ ì Ó = ë # é

� [   �� � M þ � ª � oËn = ë � I 7

� 1 � � c � d $ � � �ûÃ � � Ä R � �

+ � � l ¹ � I � ×. Þ " �� þ ð ñ ûÃ

l ¹ t ë � � � i � M þ � Ð �� � - Ë·

¸ � 3 d Í � 
Ë é � ² � l ¹ ( ) � ô�

Kw�ûl ¹ � Ä R � � � `   ( ) � �

xËÅ� ´ < � e lCè � e l�Wilks et al., 

1996�C f Ë g h s � lCI ë è � h s �

l�Ravussin et al., 1995�� � ( ) ë L � þ

h â ûè � h x � l�m � � ¦ � ¡ � S ^

� f Ë g i J h x � lm � ¦ 
 20 w j �

��< � e l� � u B� � �BMI�m � 
 �

22ËÍè � e l BMI ] ë 30Ëùú h x � l

C e ln è � � Ä Ó Ô e Å Ò CW` Ä �*

F / � Æ Wûùú â 9� �l ¹ h k � 4Ã

� " �� Ä R � � � �Ë� � ×. Þ ? � �

� � Ä � ì # ö � � ' ã �Ä � BË� X k

Ð � � ¶ · Ä � Ã�� 6 è û 



   ��������	 
��8 9 : ; $ < =   
 � � 
 33~42 ��2004.09� 

 

 35 

)*�: ; < = > ?)*�: ; < = > ?)*�: ; < = > ?)*�: ; < = > ? �Susceptible-�
gene hypothesis�  

S ^ l æ � b �Bouchard et al., 1990�

KopelmanË2000�Ë� p P l¹ * � ( ) � î

� ô# � 6 � % U � b � ûù� � b � � (

)  � � Cb c �©DCCS ^ �©D��

5 : ; � `   � � xû ¯ i b c � � � `  

( ) � ô� � � �©�main effect�ËÍ b c

�©4� l�: ; oËÅ�� lS ^ V u Í

ã � ç è û ¨ m > b Ë� � S ^ �lËn�

4 Û ï é l( ) � b c Ë ¯ ( ) l æ CKL

Å × � � � � ç è û 

n = ë 4 « k �1980-2000�( ) l � w

��KL ® � 
� � 4 « k �1960-1980�WË

� �CS ^ �©D Ì � � » n p P l ¹ * �

( ) � ô�# ��Kopelman, 2000�û = n _

ü q �� � $ ² Ëùú S ^ ¡ ë � � Á V n

q � � � @ d ¡ 4 = BÃ � À �w¦ Ã Î ¦

Õ ' ¡ ë Ë � �Cb c �©D� Ü C } $ (

) ã ¢Ë î ÍS ^ �© é ¸ � � � S ^ o ¾

�ln� 4 } $ ( ) � b c Y Ë ¯ ( ) $ �

�KL ÅC ¯ ô _ ü q ã � � � ç è û 

 
 

@ A )*67B C D E � F G H I J@ A )*67B C D E � F G H I J@ A )*67B C D E � F G H I J@ A )*67B C D E � F G H I J     

nb c �© i Ë * � . H y � C ¼ ½ õ

� �� DÃC £ ¤ = BD � = `   ( ) � I

� Å� � �û R | � õ . H o p £ ¤ = B�

Ü Å `   ( ) Ë î Í = n n� > $ � ê � &

= �> � á � � Ë$ ² C ¤ � @ d = BDÃ

CW·¸ £ ¤ DC * � ¾ ´ Ó � ê �( ) �

ôËÌ � S � �� � � ¢ + �Willett & Leibel, 

2002�Prentice et al., 1995�û¡ 4�Ë * � �

� ôÒ � � � � . � Ü ï Ã � ( ) � � ôC

� � Ä � B�Î s ¿ ã � � ¡ ¢ûã ¢ùú

� � Å p q V C ] ( ) Kopelman�2000�


a â L Ó û ¼ ½ � � Ä � # î � � � ( ) �

Ü ï # �Ëá L \ , Û h � ¦ � $ % �� &

' ( ) �* + û 

 
 

� � K C D L M �	 N /O 1P Q� � K C D L M �	 N /O 1P Q� � K C D L M �	 N /O 1P Q� � K C D L M �	 N /O 1P Q     

l� �� = ë Ë� � r � � Z ¹ � � �

ù� µ � �Romijn et al., 1993�ËC ] Y ï C�

� r � ·¸ D��� Î ( U Ñ û µ � �Ë7

^ � B ò � � � n¶ Ñ É � Y � � � � � Ë

¸ � � � Ä � B�w�Ë Z ¹ « � � 7 s �

6 ¦ ¸ 
w�ËÃ�� ï L & þ 85% = > @

A B- Ë� � � B 7 s KL 
 � ¶ Ñ � Ü F

�7�ËÍæ- Z ¹ � 7 s 6 ¦ « Ã- ¡ �

� 7 s 6 ¦ � 70%û � ¦ � �  Ë·¸ � 3

� M þ �7 ^ � B ò Ë r � KL Ì ³ ���

ï L �w�ÍÆ WûÃ î ùú � xËÌ � �

± � Î ( ��� q ? ' � Ø ï L �� � � û 

�� = ë � r � �� � Ë � � t � �  

� 3 � M þ �� � � � ËÍ< ·¸ � 3 � M

þ �� � ûRomijn�1993��� � B J � �

� N . �nW ï L Ì o�� Y Ë� � � � y

�7 ^ � B ò 
 ã . , ì ÷ � �  � 3 ûæ

×Ë � . � Û ï $ � u v � ~ à � � õ . H

y � Å� z è ( ) �ã A �� � r � � ¡ w

BÌ � Ð Ë> 
 � ¸ , - 300-600 > x ûX x

¯ i y   � Bì ÷ Z ¹ � p Ë T 7   ì ÷ 7

^ � B ò r � Ë��¯ i T 50% ì ÷ ·¸ �

3 � M þ �7 ^ � B ò Ë� õ 3 �� . , -

� r � þ ·¸ û ü ; �� � T 
 90 > x �~10



��������	 

 � � 
 33~42 ��2004.09�  ��8 9 : ; $ < =  

 

 36 

w z �7̂ � B ò �û� î C�� = ë Åw�

·¸ � 3 7 ^ � B ò r � D� ~ W Ë � d Þ

ì p P õ � �� z è ( ) � � xû 

 

�

� �

� ��

� � �

� ��

� � �

� ��

� � �

� � � � � �

�
�

�
�

�
�

��
	



��



��

�
�

� 	 
 � � 
 � � �

� � � � � 
 � � 
 � � �

� � � � � 
 � � � � � �

� 	 
 �� � �

 

������������ � � � � � 	� � � � � 	� � � � � 	� � � � � 	 



� � 
 � � � � � � � � � � � � � � � �� � 
 � � � � � � � � � � � � � � � �� � 
 � � � � � � � � � � � � � � � �� � 
 � � � � � � � � � � � � � � � �     
�������������������� > ? @ A B C �D E F �G H I J K �L M N O P $ �� +��Q R S T �U S ��� V W R X Y Z X [ \

] [ \ )] E F ^ _ � G H I J K O P ` a " ��Z X $ [ \ ] [ \ +1 2 ^ _ b c d $ �� �e f U S g

G H I J K �L ��h $ M N �� �Romijn et al., 1993�+ 

 
�� z è ( ) �M x # î �  3 �� =

ë r � ·¸ � 3 �7 ^ � B ò Ë � ×. � Å

� � � �� \ 24 , - � ¶ Ñ É � � Ü F�w

�Ë é ·¸ � 3 �7 ^ � B ò 7 s w�ûn

¶ Ñ � F É � Ë� � r � � Ü � 7 ^ � B ò

� � Ë X x�� \�� � Ò � = ë Û ß ��

Bw�Ë h Å� � Í `   �� \·¸ r � B

�Æ Wû î ÍË= ë �� � � I Þ � � ï L

��� �Melanson et al., 2002a�Melanson et al., 

2002b� ~ µ 24 , - ; �� B 7 s É ÊË$

² I Þ ï L � Ü / � w� 24 , - �¶ Ñ � Ü

FË 
 I Þ ï L n¡ � B 7 s � Ì � ç è Ë

î ÍC ¶ Ñ É � 6 � Ë�� Ì ³ é ·¸ ¡ r

� Bw��Melanson et al., 2002a�Melanson

� et al., 2002b�û�æ�� \" � � Ü KL w

� ý � { d n p P õ � �� z è ( ) � �

xû 

89�: �� � â 9Ë � î � d h ��

z è ( ) � � | M x } ~ � nC r � ·¸ D

ù� ? æ Ë _ Y � . �Å� � � �� Å: ;

C·¸ M þ Dûµ � �Ë( ) � ·¸ û ü 7̂

� B ò � = L M þ � � xË � î C·¸ � 3

4� ^ \� � �ü/ � oã ¢û ^ \ü/�

� �  Y Õ ·¸ � 3 � ] � Ë � � d " � �

� 3 4� � � �ü/ � oûù� ü/ � oÅ

� þ �  � 3 4� � � � û ü o_·¸ � 3

4` Ø 7 ^ � B ò � ' p ü/ � o� I � �

©�: ; û� Y h ¹ j $ % Û ö � Ñ W � â



   ��������	 
��8 9 : ; $ < =   
 � � 
 33~42 ��2004.09� 

 

 37 

9ûnN 4 Ë U Æ � � å b / ��� é ^ \

� � � � º �  � 3 C·¸ � 3 � 6 � �

��û

 

�� � �  � � � �  

LPL 

� � 	 
 �  

� 
  

� � �  

GLUT4 � �  

 

�������� AAAA���� � � �  ! � " #� � �  ! � " #� � �  ! � " #� � �  ! � " # 



$ % � � � � � � � � � � & ' � ( � �$ % � � � � � � � � � � & ' � ( � �$ % � � � � � � � � � � & ' � ( � �$ % � � � � � � � � � � & ' � ( � � ))))    
� � � � � * + , - . & ' � ( / 0� � � � � * + , - . & ' � ( / 0� � � � � * + , - . & ' � ( / 0� � � � � * + , - . & ' � ( / 0 1111    

 

�� � �  � � � �  

LPL 

� � 	 
 �  

� 
  

� � �  

GLUT4 � �  

 

�������� BBBB���� 2 3 � � 4 5 6 �  ! � " #2 3 � � 4 5 6 �  ! � " #2 3 � � 4 5 6 �  ! � " #2 3 � � 4 5 6 �  ! � " # 



$ % � � � � � � � � � & ' � ( 7 /$ % � � � � � � � � � & ' � ( 7 /$ % � � � � � � � � � & ' � ( 7 /$ % � � � � � � � � � & ' � ( 7 / ))))    
� � � � � * + , - . & ' � ( � �� � � � � * + , - . & ' � ( � �� � � � � * + , - . & ' � ( � �� � � � � * + , - . & ' � ( � � 1111    

 
����������������iG H I J K j k l $ m n )o p q r s t u v w )" x E F ^ _ $ y z { | } ~ �E � � E � � �lipoprotein 

lipase)LPL�� L ^ _ v w G H I J K $ � � )E � � E � $ � �L � y z { . $ G H I J K � � )� � E

F �s ^ _ v w +z � . $ G H I J K " � E � � $ � � )� � � VLDL � � � y � b � � � � z � � D �

� � � E F )VLDL g � � y � � b �   $ � ¡ � � Apo lipoprotein CII�¢ £ Apo CII�¤ ¥ ¦ E � � E �

$ § � )̈ © ' ª « ^ _ ¬ E F �� $ v w +] ­ ® G H I J K ¯ ° ^ _ v w ± $ ² ³ )´ ­ µ ¶ ^ _ E �

� E � $ } ~ ± g § � +1 2 ^ _ g E F ^ _ L } ~ E � � E � · ² $ ^ _ +" x � ¸ l ^ _ L ¹ºE F �

� $ M N c d » +¼ ½ ¾ ¿ L � � � m n )À N ¼ ½ ¾ = �� GLUT4 � � Á Â �� ¼ ½ ¾ Ã Q t u Ä +¹

º GLUT4 j ° Å ~ ¯ t u Ä � ¤ Æ Ç È É Ê Ë )" x ¹ºÇ È É � Ì � ¼ ½ ¾ � z � ' Í t u v w c d +

1 2 ^ _ E � � E � g GLUT4 } ~ ± ¤ ­ ® ¶ ^ _ ¬ ¹ºS T g E F $ c d ± )D Î ­ ® z � . ¼ ½ ¾ g

G H I J K $ Ï X + 



��������	 

 � � 
 33~42 ��2004.09�  ��8 9 : ; $ < =  

 

 38 

� � R S � � T U � V 	 N �W X Y� � R S � � T U � V 	 N �W X Y� � R S � � T U � V 	 N �W X Y� � R S � � T U � V 	 N �W X Y

* � > � � �� � L Ó � �Ë�� Ì �

� � � ¤ ] �King et al., 1997�û�æ ^ \�

� Ý � 3 � 	 4� � ü/ M þ �É ÊË h C

] : ; � � �   ûC�  � 3 DCC·̧ � 3 D

� � � I � ^ \= � � �� � M þ Á Â û�

æË ^ \� � C� � � � þ ù I � � 3 � 6

�Ë h C ] " ï � � �  � 3 C·¸ � 3 �

� M þ �Bû X x ^ \�� � l æ � Õ ·¸

� 3 � ü/h � ~ K� `   ( ) ûÍ�  �

3 M þ � � �Ð \ ËC�  m - �¾ ® Bã

¢û = n �� � $ ² �  � 3 4� 7 ^ � B

ò � M þ � on�� \/ � w��LaDu et al., 

1992�ËÍ 2 è P Q \�  �7 ^ � B ò M þ

� o�KY × �Hamilton et al., 1992�û� � �

�Ë�� \��  4� Z ¹ � M þ � o> �

Æ � �Kuo et al., 1999�Ë�� = ë Õ � y þ �

�  Ë ¯ S Z M þ BÅÆ � þ � � � �

160-180%ûù� �� w� �  Z ¹ M þ � o

�M ' n 2 è P Q \ . # � ; 7 å Ë� � �

 n P Q \ÅÆ � � � e + �� oËì n 48

, - 2 è P Q \¬ ~ Ka × �Reynolds et al., 

2000��nl� � � á ý $ ² 5 » 2 è P Q

\Ë�  4� h ` e ü/ + � º �  S Z �

� o / � Y × �Mikines et al., 1989�û ^ \�

 � 3 4� Z ¹ C·¸ �ü/ � o d " � I

� ª « �± ² -·ª « ·��lipoprotein lipase, 

LPL�d GLUT4 ª « û·ª « ·��9 � �

h ` Ø �7 ^ � B ò � p � � �  C·¸ �

3 ü/�Í GLUT4 ª « l e h ^ \ÇW�̀

e �+ � º �  C·¸ � 3 M þ Ë ¯ i . �

� � � e � S Z R � M þ Ë � . � � � � e

® � %   7 ^ � B ò i � B �ì � �Ivy�Ë

1999�û̄ ô � � V �Hamilton et al., 1992�C

� V �Kuo et al., 1999�n= n $ ² �� Åw

� �  � 3 ·ª « ·��lipoprotein lipase, 

LPL�d GLUT4 ª « � ± �± ² ûî ÍËù

ú ª « �w�ë L C�� ï L ã ¢ûn= n

� � � � $ ² W ï L �� ¡ 4� Ø ï L ��

Å� y � Ð ��  é � GLUT4 ± ² w���

Á w��Banks et al., 1992��·ª « ·��±

² 4� � � �� ï L ý [ ² ¹ % � Õ ' û8

9ùú � � � xËh Ü � z è ( ) �� q ?

h k � ï � C�� ï L DËã � � y � Ð ��

 
 # ì Æ � �  � 3 4� ^ \� � � û ü

oË ¾ ] Î s ·̧ � 3 �� � M þ û 

æ×Ë�� P Q Æ Ç�  � 3 ` � BË

� � ×. � é �  � 3 ¡ 4� 4·¸ � 3 Ë

� � û ü ow��¦ � * + ûù�  � � �

�Ëã å � h ^ \� � l æ � �  � 3 ü

/Ë ¾ ] � � ·¸ � 3 �� � � ' û` Ø �

� � � � M ' Ö $ � � �� - Õ � y ��  

�Arciero et al., 1998�Ivy et al., 1999�ûù4

� � 
 ´ µ �� P Q �lÌ � d 3 � � � û

. H l ´ µ �� = / � � £ � � á � Ë�  

� 3 $ � / � � � É M ' Ë 
 ù� � É M '

� # ö - ¾ % _ CP Q l ¢ ã ¢ËnW ï L

� � \Å # öI » 5 6 �Dinenno et al., 

2001�ûù� �  � É M ' Ì < � � �  ª «

%   � ~ Kw�ËÍ � � C Â ` | * � ã

¢ûã � � $² �� « \ � § � � Á V �Ë4

� � � � ô3 ? P Q �j k lË ¯ � � ` |

* � �� o � ¼ ½ �� V c Ëù é � ô õ n

� ¦ � ��É Ê Y Ë�  u Bw�_� ·¸

× Ø �Martin et al., 1990�Delp et al., 1995�

Dela et al., 1995�û�� - � y �  
 # Åé

� ` Ø i � � � � d ä å � � ü/� � �



   ��������	 
��8 9 : ; $ < =   
 � � 
 33~42 ��2004.09� 

 

 39 

©Ë Õ � J þ � Ð ��  � 3 a � Z ¹ C·

¸ � � M þ û 

 
 

� � Z [ \ ] T U � 	 N �̂ _ 	 Y� � Z [ \ ] T U � 	 N �̂ _ 	 Y� � Z [ \ ] T U � 	 N �̂ _ 	 Y� � Z [ \ ] T U � 	 N �̂ _ 	 Y     
Õ # �� \�  � 3 � � � Ð ` Ø � �

' C ¾ ] Î s ·¸ � 3 �` Ø � ' 6 �


×Ë� � � � � ��� Å � - � �& ' ·¸

� 3 ·ª « ·�Ä � C± �± ² �LaDu et al., 

1992�Ëù� � x é � �� \·¸ � 3 4·̧

M þ � o � þ & ' û î Íù� �� P Q �M

xnl� Ì � � # ö f � �Simsolo et al., 

1993�Ë4� § � 3 V 2 è P Q T I # � ËÅ

é � ·¸ � 3 A �  � 3 i ò ª « ·��Ä

� 6 �w� 
 8 �Ëé � ^ \7 ^ � B ò l

æ � ·¸ � 3 � M þ û�æ� � �   n 2 è

�� \$� � �� l æ < 
 �Kû 

 
 

` a b c d e f V � � g` a b c d e f V � � g` a b c d e f V � � g` a b c d e f V � � g hhhh    

. H ( ) V n � ô�� P Q \Ë � D �

� \ � 7 s � w B � Õ M þ Ã � D �� \�

� 4� � M þ �� oÆ ÇË µ � �ù  µ ã

h � � â é û� � � �Ë � | � z è ( ) �

£ ¤ n - ¾ � = � % � D n�� \ . , - ;

¥ Ë� � X � � : ��\ � `  � �  �

3 � � � � w � C ·¸ � 3 � � � � Î s �

M x = cûÍ ù � M x Ì µ ã f � � ö ó

oû = n � � � 4 � ��� ô ��P Q ËÌ

�   I � - x . � �� n ��\ � ¬ Æ � ¤

��� × . � �� n ��\ Ú , - Ó Æ � ¤

�Ë� = « # � � P Q \ I V � � ¦ Ì� ç

èË î Í � ·¸ � 6 � § ã � � ç èû ¯ i

n ��\ � ¬ Æ � ¤ �� ��Ë ¯ ·¸ u B

6 � / �� A ú n ��\ 4 , - Ó Æ � ¤ �

� ��Ø 24%�
 �  u B �\ � � Á ��

� � 6 ��\ 4 , - Æ � ¤ �� ��Ð 6%

�Suzuki et al., 1999�ûù � � Ó C ·ª « ·�

Ä � � � � ã ¢ û n ��\ ·¸ � 3 ·ª «

·� Ä � � - Y × Ë é � 4 ^ \ ·¸ � 3 ü

/ 7 ^ � B ò � � o � þ & ' � ¡ Õ � Ë�

� d � ª \ �  � 3 ·ª « ·� Ä � � - w

�Ë é � �  4 ^ \ �  � 3 ü / 7 ^ � B

ò � � oÆ W ûù � � � �� `  � � - �

� � n Ú , - ; � / �× Ø û 

 
    

�i�i�i�i    

o p ��& ' ( ) � * + 4 � �� q ?

� � ï < 
 ¦ � û X x � õ » � �� r � ·

¸ � í L n � ) ËCØ ï L ã A ��DÕ Í 6

C W ï L ã A ��Dn ·¸ 7 s 6 � � W �N

.�ûæ × Ë¶ Ñ C � � - � � " � � Ü � i

� � B · t ·¸ r � � 6 � � W Ë� æ � �

� r � ·¸ ì p P Î ( M x ËÅ � `   u v

� �� q ? û � | � Ë��Å � � � � �  

C ·¸ � 3 4 ^ \ � � � ü / 6 � Ë� ��

& ' ( ) � � � û�� z è ( ) � M x � �

� ï L : ; Ë�� ï L � W é � 
 # �y �

� * � Ð Ë 4 ·¸ � 3 û ü � � � M x �

cû� æ � õ ' � � � W �� ï L � ã A �

��� � ï L 60-90 %V�O2max � � _¸¼ ö ó

30 � ¹ � � �ì z è ( ) û� ¥ ¦ W ï L �

�� l Å � 5 � i � ï L � ��Ë ì ' Ê �

�� ö ó - ¾ Ã ´ µ I Þ � � ¹ R � ��ì

�y � Ð � m ûæ × Ë � � ��4 �  C ·

¸ � 3 � � � � � M ' � ö ó oÌ� � ËC¸

O�� Á F D � z è ( ) �� q ? � ¦ �  



��������	 

 � � 
 33~42 ��2004.09�  ��8 9 : ; $ < =  

 

 40 

��� � ¸# � 3-7 »�ûl ¹ � á � Ì� ¥

¦ ´ �Ël ¹ � { ` � � Ä Ë � é � � þ �

� i � > � �y t ë � û� æ � � õ � �

�Ëì z è ( ) � ô  . � { d ì h k � �

� ½ À ûÆ W ��� Ð Ñ C � � ¼ ½ õ � �

�� l � \ x Ë � Î � ( ) � ô � I � h

� F � û

 
    

� �� �� �� � � �� �� �� �

Arciero, P. J., Smith, D. L., & Calles-Escandon J. 
(1998). Effects of short-term inactivity on glucose 
tolerance, energy expenditure, and blood flow in 
trained subjects. Journal of Applied Physiology, 84, 
1365-1373. 

Banks, E. A., Brozinick, J. T. Jr., Yaspelkis, B. B. 3rd., 
Kang, H. Y., & Ivy, J. L. (1992). Muscle glucose 
transport, GLUT-4 content, and degree of exercise 
training in obese Zucker rats. American Journal of 
Physiology, 263, E1010-1015. 

Booth, F. W., Chakravarthy, M. V., Gordon, S. E., & 
Spangenburg, E. E. (2002). Waging war on physical 
inactivity: using modern molecular ammunition 
against an ancient enemy. Journal of Applied 
Physiology, 93, 3-30. 

Bouchard, C., Tremblay, A., Despres, J. P., Nadeau, A., 
Lupien, P. J., Theriault, G., Dussault, J., Moorjani, S., 
Pinault, S., Fournier, G. (1990). The response to long 
term overfeeding in identical twins. New England 
Journal of Medicine, 322, 1477-1482. 

Dela, F., Larsen, J. J., Mikines, K. J., Ploug, T., Petersen, 
L. N., Galbo, H.(1995). Insulin-stimulated muscle 
glucose clearance in patients with NIDDM. Effects of 
one-legged physical training. Diabetes, 44, 
1010-1020. 

Delp, M. D. (1995). Effects of exercise training on 
endothelium-dependent peripheral vascular 
responsiveness. Medicine & Science in Sports & 
Exercise, 27, 1152-1157. 

Dinenno, F. A., Tanaka, H., Monahan, K. D., Clevenger, 
C. M., Eskurza, I., DeSouza, C. A., Seals, D. R. 
(2001). Regular endurance exercise induces 
expansive arterial remodelling in the trained limbs of 
healthy men. Journal of Physiology, 534, 287-295. 

Hamilton, M. T., Areiqat, E., Hamilton, D. G., & Bey, L. 
(2001). Plasma triglyceride metabolism in humans 
and rats during aging and physical inactivity. 
International Journal of Sport Nutrition & Exercise 
Metabolism, 11, S97-104. 

Ivy, J. L., Zderic, T. W., & Fogt, D. L. (1999). 
Prevention and treatment of non-insulin-dependent 

diabetes mellitus. Exercise & Sport Sciences 
Reviews, 27, 1-35. 

King, N. A., Tremblay, A., & Blundell, J. E. (1997). 
Effects of exercise on appetite control: implications 
for energy balance. Medicine & Science in Sports & 
Exercise. 29(8), 1076-1089. 

Kopelman, P. G. (2000). Obesity as a medical problem. 
Nature, 404, 635-643. 

Ladu, M. J., Kapsas, H., & Palmer, W. K. (1991). 
Regulation of lipoprotein lipase in muscle and 
adipose tissue during exercise. Journal of Applied 
Physiology, 71, 404-409. 

Martin, W. H. 3rd., Kohrt, W. M., Malley, M. T., Korte, 
E., & Stoltz, S. (1990). Exercise training enhances 
leg vasodilatory capacity of 65-yr-old men and 
women. Journal of Applied Physiology, 69, 
1804-1809. 

Melanson, E. L., Sharp, T. A., Seagle, H. M., Donahoo, 
W. T., Grunwald, G. K., Peters, J. C., Hamilton, J. T., 
Hill, J. O. (2002). Resistance and aerobic exercise 
have similar effects on 24-h nutrient oxidation. 
Medicine & Science in Sports & Exercise, 34, 
1793-1800a. 

Melanson, E. L., Sharp, T. A., Seagle, H. M., Horton, T. 
J. Donahoo, W. T., Grunwald, G. K., Hamilton, J. T., 
& Hill, J. O. (2002). Effect of exercise intensity on 
24-h energy expenditure and nutrient oxidation.  
Journal of Applied Physiology, 92, 1045-1052b. 

Mikines, K. J., Sonne, B., Tronier, B., & Galbo, H. 
(1989). Effects of acute exercise and detraining on 
insulin action in trained men. Journal of Applied 
Physiology, 66, 704-711. 

Prentice, A. M. & Jebb, S. A. (1995). Obesity in Britain: 
gluttony or sloth? BMJ, 311, 437-439. 

Ravussin, E. (1995). Metabolic differences and the 
development of obesity. Metabolism, 9, 12-14. 

Reynolds, T. H. 4th, Brozinick, J. T. Jr., Larkin, L. M., 
& Cushman, S. W. (2000). Transient enhancement of 
GLUT-4 levels in rat epitrochlearis muscle after 
exercise training. Journal of Applied Physiology, 88, 



   ��������	 
��8 9 : ; $ < =   
 � � 
 33~42 ��2004.09� 

 

 41 

2240-2245. 

Romijn, J. A., Klein, S., Coyle, E. F., Sidossis, L. S., & 
Wolfe, R. R. (1993). Strenuous endurance training 
increases lipolysis and triglyceride-fatty acid cycling 
at rest. Journal of Applied Physiology, 75, 108-113. 

Simsolo, R. B., Ong, J. M., & Kern, P. A. (1993). The 
regulation of adipose tissue and muscle lipoprotein 
lipase in runners by detraining. Journal of Clinical 
Investigation, 92, 2124-2130. 

Suzuki, M., Doi, T., Lee, S. J., Okamura, K., Shimizu, 

S., Okano, G., Sato, Y., Shimomura, Y., Fushiki, T. 
(1999). Effect of meal timing after resistance exercise 
on hindlimb muscle mass and fat accumulation in 
trained rats. Journal of Nutritional Science & 
Vitaminology, 45, 401-409. 

Wilks, R., et al. (1996). The Origins and Consequences 
of Obesity (eds Chadwick, D. & Cardew, G.) 37-53 
(Wiley, Chichester). 

Willett, W. C. & Leibel, R. L. (2002). Dietary fat is not 
a major determinant of body fat. American Journal of 
Medicine, 113 Suppl 9B, 47S-59S.

 



��������	 

 � � 
 33~42 ��2004.09�  ��8 9 : ; $ < =  

 

 42 

The The The The MMMMechanism that echanism that echanism that echanism that EEEExercise xercise xercise xercise SSSSuppresses uppresses uppresses uppresses AAAAdipositydipositydipositydiposity    

    
Kao, ChiaKao, ChiaKao, ChiaKao, Chia----HuaHuaHuaHua1���� Su, FuSu, FuSu, FuSu, Fu----ShinShinShinShin2���� Lee, YuLee, YuLee, YuLee, Yu----KuoKuoKuoKuo3���� Chen, MeiChen, MeiChen, MeiChen, Mei----TzeTzeTzeTze1    

1Taiperi Physical Education College� 2Lee Ming Institute of Technology 
3Ta Hwa Institute of Technology 

    
AAAABSTRACTBSTRACTBSTRACTBSTRACT    

 
It is generally known that exercise can increase energy expenditure, and thus this simple 

concept was used to assume how exercise prevents adiposity is due to its fat-burning effect. 

However, it was currently known that carbohydrate is the main fuel source during exercise, 

whereas fat serves as the major fuel under resting condition. In addition, lipolysis in adipose 

tissue cannot be elevated in a significant extent during exercise. Although exercise can elevate 

the 24-h energy expenditure, the overall amount of fat utilization is not significantly affected. 

Therefore, it is difficult to assume that “energy expenditure” per se accounts for the fact that 

exercise can prevent obesity. In fact, the amount and rate of fuel uptake, including fat and 

carbohydrates, by adipose tissue dictate the degree of adiposity. It is now becoming clear that 

exercise can temporally inhibit postprandial fuel uptake. This effect is attributed by two main 

factors derived from exercise: (1) exercise makes skeletal muscle more competitive for fuel 

acquisition, and thus deprives energy delivery to adipose tissue; (2) Exercise reduces TG 

hydrolysis in adipose tissue. Accordingly, we typically found that exercise can change body 

composition, but may not necessarily reduced body weight. Effect of exercise on altering 

postprandial fuel repartitioning is affected by exercise intensity and duration. Since the lasting 

effect of exercise on preventing adiposity cannot last long, frequency to perform exercise is 

apparently important for the fat-reducing effect of exercise. 
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