
!

#$

!

¦§4

8

=¨©P

bÊË

$

ÌÍÍ

$

&ÎÏ

$

ÐÑË

$

�9Ò

ÅÓ/0u�-4NOP.

$>%&&';

TUVW

$

�9Ò

!()*+,$R3\%&&1;=%46S)

$$!

!"

"$

|Pþ

#

tuF

#

&'()

!8#9:"

0LMÏ¿q�ÝLö

#

tuºÁñ*ÐøË²0

ëì<x

#

%

8#9:

0²$aHi/·ÀTþTç0Ôr

$

W$úûü�

#

tu�â~�éê

8#9:

0JëaJ$

$

-Ë×

&

,ÅRtuF

8#9:

J)ÇcLM0úûI:ñ8

#

À�%¾¿

$

µtuí

$ê

&

tuvÐFF

8#9:

0¨*)¯eL

$

wtÅ

8#9:

0éê"#Áó|úû0&Õ

#

@µwt

Åkl0�Ô%:;úû/FJ,epxy0]^

$

23tu

F

'()LM0G%J)Þß

#

)Á'

()0²$aHi:;ñ_�(6ï

$

!

*+,

"$#

&'()

'

tu�â

'

tuí$

'

wt

'

tuvÐ

9IP(;&4%'=&Q6)*434+RR74;='%F>;<'4#&;G4&%4&&G

P2&&4#$5*74&8 53#-&*&',&223*+'9 A(A(/:;)/# P)/ ](/:3(/:# 2,*- 0(F,1/:# 51/: U(*/:;)/# +-/

]()_,*/:4516)#!.1/!*7I/<*F#(/*9*:;# 2,*/:/)/ ?*>6(!)9# P-,)/ G/(C1#>(!;# P-,)/ eJKKL[# %,(/)

%*##1>6*/<(/: )-!,*#( +-/ ]()_,*/:# I.)(9( >3_JKKM[bJ4F*.

):-'*.#1**NP7 Y06072-0*YR# 2V0Y0,*2+S7RV+/ X02[007 R,00/ *75 2-/0# 5+*X020R)0,,+2.R!8#9:"V*R

*22Y*6205 [+50R/Y0*5 *22072+S74̀ R*7 0*R+,-+720YT072+S7 ,+W0R2-,0# R,00/ V*RY060+T05 +76Y0*R+7U*22072+S7 +7

2V0/Y0T072+S7 *75 )*7*U0)072SW8#9:4̀ ,*YU07.)X0YSWR2.5+0RV*T0RVS[7 2V*22V0,07U2V SWR,00/ *WF

W062R2V0S66.YY0760*75 50T0,S/)072SW8#9:4̂ S[0T0Y# 2V0Y0R0*Y6V0RS7 2V0Y0,*2+S7RV+/ X02[007 R,00/

*75 Y+RZ SW8#9:*Y0+76S7R+R2072*2VS)0SY*XYS*5# *75 2V0Y0*Y0R2+,,6S72YST0YR+0R4iSSYR,00/ d.*,+2-

*75 R,00/ +7T0YR+S7 *Y0*,RS*RRS6+*205 [+2V *V+UV /Y0T*,0760SW8#9:48V0+)/*62SW7*/ S7 8#9:V*RX0F
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睡眠不足
!

睡眠中断
"

失眠
!

!"#

!

低氧
!

睡眠倒错

大 脑 葡

萄 糖 利

用率
!

交感神经系统活性
"

改变皮质醇及生长

素节律

炎性通路激活

脂肪细胞功能异常

瘦素
!

生长激素
"

食欲
"

能量消耗
!

体力

活动

!

褪黑素
!

睾酮
!

肥胖
"

胰岛素抵抗
"

!!

细胞功能
!

高血糖
!

$%&'

注
#

!"#(

阻塞性睡眠呼吸暂停
$

$%&')%

型糖尿病

图
*

不同睡眠问题与糖代谢异常相关的可能途径

7

$

8

$

9

$

:

,;-$M+7 L#L+7 m#eV*7 O#02*,4H0,*2+S7RV+/ SWR,00/ 5.Y*2+S7 [+2V *,,F

6*.R0)SY2*,+2-*75 6*Y5+ST*R6.,*Y0T072R(*R-R20)*2+6Y0T+0[*75

5SR0FY0R/S7R0)02*F*7*,-R+RSW/YSR/062+T06SVSY2R2.5+0R,L-4L

)̀ 0̂*Y2̀ RRS6##&;'#=!G"(/++(0&&<G>'49IP(;&4;;=;QL̀F

^̀ 4;;'4&&<G>'4

,#-$"+)?H#eS7UM:#eV+7 LM#02*,4̀RRS6+*2+S7 X02[007 R,00/ 5.F

Y*2+S7 *75 +)/*+Y05 W*R2+7UU,.6SR0+7 "SY0*7 *5.,2R( Y0R.,2RWYS)

2V0"SY0*7 !*2+S7*,̂ 0*,2V *75 !.2Y+2+S7 (b*)+7*2+S7 e.YT0-

#&;;F#&;#,L-4"SY0*7 L]*):05##&;=#%'!;"(<;F<=49IP(

;&4>&B#QZ3W)4#&;=4%'4;4<;4

,%-$hS. i#?V07 i#OV*7Uh#02*,4P720Y*62+S7 SWR,00/ d.*,+2-*75

R,00/ 5.Y*2+S7 S7 +)/*+Y05 W*R2+7UU,.6SR0(*/S/.,*2+S7FX*R05F

6YSRRFR062+S7*,R.YT0-+7 ?V+7*,L-4N:LI/07##&;>#> !% "(

0&&>>%=49IP(;&4;;%=QX)3S/07F#&;%F&&>>%=4

,>-$(7U05*L#:0\.Z N#H*2,+WWe#02*,4̀RRS6+*2+S7 X02[007 5.Y*2+S7

*75 d.*,+2-SWR,00/ *75 2V0Y+RZ SW/Y0F5+*X020R( 0T+50760WYS)

!̂ !̀(e,L-49+*X02:05##&;%#%& != "(='=F=B&49IP(;&4

;;;;Q5)04;#;=<4

,<-$?0R/050R(:#9.5,0-"̀ #eS2Y0RF̀,T*Y0\9#02*,4LS+72*RRS6+*F

2+S7RSW+7RS)7+**75 R,00/ 5.Y*2+S7 [+2V /Y0T*,0725+*X020R(2V0

+̂R/*7+6?S)).7+2- 0̂*,2V e2.5-Qe2.5-SWh*2+7SR! ?̂̂ eQ

eIh" ,L-4L9+*X020R##&;=#B !%"(%B'F%G'49IP(;&4;;;;Q

;'<%F&>&'4;#%&B4

,=-$eS7Uv#h+. m#OVS. g#02*,4eVSY2F20Y)6V*7U0R+7 R,00/ 5.Y*F

2+S7 *75 Y+RZ SW2-/0# 5+*X020R( "*+,.*7 /YSR/062+T0R2.5-,L-4

:05+6+70!N*,2+)SY0"##&;=#G< !><"(0<%=%49IP(;&4;&G'Q

:94&&&&&&&&&&&&<%=%4

,'-$h00L̀#e.7[SSe#"+)Me#02*,48V00WW062SWR,00/ d.*,+2-S7

2V050T0,S/)072SW2-/0# 5+*X020R+7 /Y+)*Y-6*Y0/*2+072R,L-4L

"SY0*7 :05 e6+##&;=#%; !#"(#>&F#>=49IP(;&4%%>=Q3Z)R4

#&;=4%;4#4#>&4

,B-$ *̂7 m#h+. N#g*7UL#02*,4hS7UR,00/ 5.Y*2+S7 *75 *W20Y7SS7

7*//+7U*Y0*RRS6+*205 [+2V V+UV0YY+RZ SW+76+50725+*X020R+7

)+55,0F*U05 *75 S,50Y?V+70R0( 2V09S7UW07UF8S7U3+6SVSY2R2.5-

,L-4 7̀7 :05# #&;=# >B ! > "( #;=F##%49IP( ;&4%;&GQ

&'B<%BG&4#&;=4;;<<##G4

,G-$h.6*RR07 (̀ #i+*UU+i#9R.Y70-L#02*,4e,00/ 0b207R+S7 +)/YST0R

70.YS6SU7+2+T0W.762+S7R+7 6VYS7+6*,,-R,00/F50/Y+T05 SX0R0+75+F

T+5.*,R,L-4ihSe I70##&;>#G!;"(0B>B%#49IP(;&4;%';Q3S.YF

7*,4/S704&&B>B%#4

,;&-$h0/YS.,2H#90,+07Ra#a+,RS7 :#02*,4N070W+6+*,+)/*62SWR,00/

0b207R+S7 S7 W*R2+7U+7R.,+7 R07R+2+T+2-+7 *5.,2R[+2V V*X+2.*,

R,00/ Y0R2Y+62+S7 ,L-4e,00/##&;<#%B !< "('&'F';<49IP(;&4

<==<QR,00/4>==&4

,;;-$ 0̂+*7\*M#"*2S"#].3+V*Y*"#02*,4HS,0SWR,00/ 5.Y*2+S7 *R*

Y+RZ W*62SYWSY2-/0# 5+*X020R*)S7U*5.,2RSW5+WW0Y072*U0R+7

L*/*7(2V0!++U*2*g0,,70RRe2.5-,L-49+*X02:05# #&;>#%;

!;;"(;%=%F;%='49IP(;&4;;;;Q5)04;#<<<4

,;#-$

\�^

#

-§

#

WÇ2

#

x

4

tu�âF

#

&'()J)Çc

LMeácúû0

:02*

CD

,L-4

/Ë�VUX

##&;=#;G

!#="(%;G=F%#&%49IP(;&4%G=GQ34+RR74;&&'FG<'#4#&;=4#=4

&;>4

,;%-$eV*7 O#:*̂ #m+0:#02*,4e,00/ 5.Y*2+S7 *75 Y+RZ SW2-/0# 5+*F

X020R( *)02*F*7*,-R+RSW/YSR/062+T0R2.5+0R,L-49+*X020R?*Y0#

#&;<#%B!%"(<#GF<%'49IP(;&4#%%'Q56;>F#&'%4

,;>-$IVZ.)*8#].3++̂ #P[*R0:#02*,4_FRV*/05 *RRS6+*2+S7 SWR,00/

5.Y*2+S7 [+2V )02*XS,+6R-75YS)0*75 +7R.,+7 Y0R+R2*760+7 /*F

2+072R[+2V 2-/0# 5+*X020R(2V0].Z.SZ*9+*X020RH0U+R2Y-,L-4

:02*XS,+R)##&;>#=% !>"(>B>F>G;49IP(;&4;&;=Q34)02*XS,4

#&;%4;#4&&;4

,;<-$N0+V,9̀ #h+0R0̀ 9# *̂WW70Ye:4e,00/ 5.Y*2+S7 *R*Y+RZ W*62SY

WSY+76+50722-/0# 5+*X020R+7 *).,2+02V7+66SVSY2,L-4̀ 77

+<B;+

ËÖ×CØYZÙÚ

#&;G

P

<

QÛ

%G

ÜÛ

%

Ý

$P72L(75S6Y+7S,:02*X#:*-#&;G#cS,4%G#!S4%$



(/+50)+S,##&&G#;G!<"(%<;F%<'49IP(;&4;&;=Q34*770/+50)4

#&&B4;#4&&;4

,;=-$g. N̂#g*7U #̂ .̂ HM#02*,48V0*RRS6+*2+S7 X02[007 R,00/

5.Y*2+S7# R7SY+7U*75 /Y0T*,0722-/0# 5+*X020R)0,,+2.R[+2V Y0F

U*Y5 2SU0750Y*75 )07S/*.R*,R2*2.R( 2V0?"NR2.5-+7 OV03+*7U

Y.Y*,*Y0*# ?V+7*,L-4̀62*9+*X02S,##&;'#<>!;"(B;FG&49IP(

;&4;&&'QR&&<G#F&;=F&G;BF;4

,;'-$L*6ZRS7 ?h#H05,+70e#"*[*6V+P#02*,4̀RRS6+*2+S7 X02[007 R,00/

5.Y*2+S7 *75 5+*X020R+7 X,*6Z *75 [V+20*5.,2R,L-49+*X020R

?*Y0##&;%#%=!;;"(%<<'F%<=<49IP(;&4#%%'Q56;%F&'''4

,;B-$9S[5 LN#aS,5)*7 !#g0+7R20+7 :4e,00/ 5.Y*2+S7# R,00/ d.*,+F

2-# *75 X+S)*YZ0YRSW+7W,*))*2+S7 +7 *8*+[*70R0/S/.,*2+S7

,L-4̀ 77 (/+50)+S,##&;;##;!;;"('GGFB&=49IP(;&4;&;=Q34

*770/+50)4#&;;4&'4&&>4

,;G-$h.6*RR07 (̀ #HS2V0Y"P#?+\\*a4P720Y*62+7U0/+50)+6RR,00/ 6.YF

2*+,)072# +7R.,+7 Y0R+R2*760#*75 SX0R+2-,L-4̀ 77 !M 6̀*5 e6+#

#&;##;#=>(;;&F;%>49IP(;&4;;;;Q34;'>GF==%#4#&;#4&==<<4

b4

,#&-$NYS.RR*Y5 L#NY*5-:L48V0+)/*62SWR,00/ 5+R2.YX*760RS7 *5+F

/S6-20W.762+S7 *75 ,+/+5 )02*XS,+R),L-4N0R2iY*62H0R?,+7

(75S6Y+7S,:02*X# #&;&# #> ! < "( '=%F''%49IP( ;&4;&;=Q34

X00)4#&;&4&B4&&'4

,#;-$e/+0U0,"#h0/YS.,2H#c*7 ?*.20Y(4P)/*62SWR,00/ 50X2S7 )02*F

XS,+6*75 075S6Y+70W.762+S7 ,L-4h*7602#;GGG#%<> ! G;BB "(

;>%<F;>%G49IP(;&4;&;=Qe&;>&F='%=!GG"&;%'=FB4

,##-$h0/YS.,2H#c*7 ?*.20Y(4HS,0SWR,00/ *75 R,00/ ,SRR+7 VSY)SF

7*,Y0,0*R0*75 )02*XS,+R),L-4(75S6Y90T##&;&#;'(;;F#;4

9IP(;&4;;<GQ&&&#=#<#>4

,#%-$H0-7S,5R̀ ?#9SYY+*7 L#h+. iM#02*,4P)/*62SWW+T07+UV2RSW

R,00/ Y0R2Y+62+S7 S7 U,.6SR0)02*XS,+R)# ,0/2+7 *75 20R2SR20YS70+7

-S.7U*5.,2)07,L-4ihSe I70##&;##'!'"(0>;#;B49IP(;&4

;%';Q3S.Y7*,4/S704&&>;#;B4

,#>-$".YSR*[* #̂e*+RVSM#].Z.7*U*"#02*,4̀ RRS6+*2+S7 X02[007

R0T0Y+2-SWSXR2Y.62+T0R,00/ */70**75 U,-6*205 V0)SU,SX+7 ,0T0,

+7 L*/*70R0+75+T+5.*,R[+2V *75 [+2VS.25+*X020R,L-4(75S6YL#

#&;B#=<!;"(;#;F;#'49IP(;&4;<&'Q075S6Y34(L;'F&%<=4

,#<-$:0Y,+7Sa#]Y*22+66+h#c*,0720:#02*,4̀RRS6+*2+S7 SWY0R2,0RR,0UR

R-75YS)0+7 2-/0# 5+*X020R( *6*R0F6S72YS,R2.5-,L-4e,00/#

#&&'#%&!'"(B==FB';4
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