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Obesity, Glucose and Lipid Metabolism, and Steroid Hormones

Naoko SHONO, Shuzo KUMAGAI*, and Haruka SASAKI**

Summary

In this review, we firstly focused on the role of muscle fiber composition and neuroendocri-
nological disturbance as an etiology of the development of obesity, and secondarily summarized the
relationships between muscle fiber composition and lipid, and glucose metabolism, and the muscle
adaptation to training on these relationships. In addition, we discussed the relationships of steroid
hormones to lipid and glucose metabolism in men and women with obesity and non-insulin dependent
diabetes mellitus (NIDDM). Although muscle fiber composition was originally determined by
genetic factor, it contributed to improvement of lipid and glucose metabolism through muscle
adaptations to endurance training. In recent articles, it has been postulated as hypothesis that
activation of hypothalamo-pituitary-adrenal (HPA) axis by so-called “psychosocial stressors” was
one of the main triggers of adipose tissue accumulation, especially visceral fat. Lastly, we discussed
the possibility that both male and female hormones were important physiological regulators of lipid
and glucose metabolism, regardless of sex difference. However, cause and effect on this relationship
are still remains to be clarified at present time. Further research is needed for understanding above
mentioned problems.

Key words © Obesity, Muscle fiber composition, Stress, Physical training, Lipid and glucose metabo-
lism, Steroid hormones, Non-insulin dependent diabetes mellitus.
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Y7077 ARV ENAMETOERBIZOWTD
BAL, AEOHERBFICOWTERIRL T2V,

2) BB E R VR (NIDDM) EE (21 31k

Testosterone (ng/dl)
~n ©w Fy
o o o

©

Ey

(1) IEREEFOWT

TEAE-ZR, RUTEE-IIERCEET 2B
DOEBCHET 2 ENER 2 RIS, —iIC, B
T SHBG, #7 A X570 (TT), RULERET R
FA7 v r (Free T) OET, 72bbHENKL
hypogonadism D#HEE3 %, —F4, MHPxX bo
Y (ED), TR F79F—)v(E2) CIZEM»rHAD >,
T bOEEEZE T 5, El, E208MOER X, 8
LIRS co7 v FaYavyhrsrX buavz v
NDEETTED D EEZ 5N T3, LMD

~ ©

% Froe Testosterone

o

[] nonovess (n=19) I Ovese. WHR 0.76-085 (n=27)
[Gih| Obese, WHR<076 (n=12) RN\ Obese, WHR > 0.85 (n = 22)
B10. JERERE & & UIEROBHRATLHIC B 2 HIEHSHDEV & BHFILE L O (Kissebah 5, 1985)
A
SHBG (nmol/L) SHBG (nmol/L)
60‘J o o ° women 604 men
r=-048,p<0.01 =002 p=089
"454 45+
30 30 . .,
» ®
i 15_ 9 -— L. :
0 T T T . S ) 0 . — r T v
0 .40 80 120 160 200 240 280 0 4 80 120 160 200 20 280
visceral fat(cm?) visceral fal(cm?)
B8
change in SHBG (nmol /L) change in SHBG (nmol /L)
601 601
° T2 0M,p<005 720
r=-041,p<0. = =0.
401 P 401 =001 p=0.96
e}
20_ \ Oo 20_ .
o oﬁ\o\oc’ o © o o . ..:.
0 1 B o THTEFEE T
00 °
-204, -204,
V' T T T T T T Vl‘ T T T T T T
-120 -100 -80 -60 -40 -20 O -120 -100 -80 -60 -40 -20 O

change in visceral fat{cm?)

change invisceral fat (cm?)

B, & (0) LB (0) ILH1 3, KERDAI(A) L HFEHI% (B) DARIEIE® L SHBG
EDRE, EBREREZ-ZMTRYT, (Leenen 5, 1994)
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®2. BREOTER - HBR (I, 1993)

& - PR
1. LH-RH, domipbeaci: 3} L TLH, FSH -
hikEs )V E LAY 0T Y V(SHBG) 4
. WiEST 2 b7 0 AT i
kT — (EREE00~250%E LTI ) (kb))

WY FORFy o4y (RALRIRGE) —

o wor e

. f#TR POV ED, 2R R 5 IA—INED) 1 FMRED
(RS 4# Tandrogen fhbestrogen~D IR ps:24

Tk - PR

1. MiKFSHERME —~i

LHEReN -4t

2. LHRHIZH UTLH, FSH =i

3. HSHBG 4

4. MMRREl (ZADSEINOER) 1t 2ReEn 1

5. @AEE (HTHRHS) t—1 FENNE 1

6. MEME2 t

7. DIRAST, T t SRR 1

8. kA 1 22 t
Hew

9. mikA t FEAME 1

10.  fAEL E2 t MR 4

BLRERSE Sk e»s, 19 SHBG OET, &t
RIVE ¥V ThH B MER EL, &8 E208800, B & B
RIVE VTH % androstenedion (A), IMifE TT, Free
T OEIPRD b 3, FEERIE, IE A L ElL,
E2WH OEMERD 5, TRhbbaMiE, By
Bt (hyperandrogenicity) OBHEE2ET B Z L1
Bbe Wi, RIS &RV E v OBSEEIC D
WTHRETT %,

—fre, B . ZHREEE Ebh b X 5wk
BFERICE, HrUENTEET 5, BESEHRIZ

Genetic Influence
Stress Psychological influence

T~

I STIMULATION OF HIGHER CENTER J

Activation of HPA Axis —e——  Other Factors

HYPERANDRENALISM

drog Hypercortisoi ing

PCO ———m Hyp

Other Factors
~a————1 (genetic, environmental

psychological)

CENTRAL ADIPOSITY

d fin C
FEA S D lnsx in

Porial
Hyperi l

System
> | INSULIN RESISTANCE

IGT

=12, IS, 4 >~ XY iEHMES, S NIDDM ~
OB BEETE-TEF-BIBROMEIC
SWTOIES (Kitabchi 5, 1994)

BT, PEEROMBMRETHZ WHR I, I
& Free T L IZIEDHEB %, — SHBG L i & DHHE
BR (10) 25888 STV 309989, = DRGE#ME %R
B EEHE LT, SEEPLERENEERESE

(Polycystic ovary syﬁdorome ; PCO)3Oix, &
v» Free T 8, {E\» SHBG k¥#%2#-> T, FulvEiE
HEAHL TV EHEAPLWETIEESHTOND,
E51, BEANOEERET ZEADT > Fuy
= VBB, ERAIER ORI Y 1 X 0
HEsRE N T2, —77, BRELHEILED S
Ay MZXBNANAHEZB T, SHBG #EmL,
PIEEBER XA T 2 2 L, MHEOELEMIE
ERAOHBEBERE ERHE L Tws™2(F1), 2hsd
DEE, ZHED RIS ER D andorogenicity @
A5 %2RET2bDTHD, LeLEWBS, oW
EBWTE, HTLH LEROREEN—HL TRD S
NTREbITTERZND, BZ5L, ZOERE L an-
drogenicity OFF AP0 R E D heterogeneity 72 X
WRAER LLOBESEZ N L S,

EFBEEOMmEE TT, Free T, KU SHBG 7Ak#i3,
BEBECHAFECETL RS, 851, BMI T~
v F v 7 ENNBIEBERO KR/ NTRS SN 28 ()
=23) DHEICBWT, NEEHEROLWE (>105

(@ [GBESITY |
N Alered B,y
ratio
HYPERINSULINAEMIA f‘ﬁgp:':“ma
INSULIN E LPL & Fpolysis

Accumulation ol
visceral [at

overstimulalion

Ovaran
insulin-IGF 1
receplors

TFree oesirogens
TFrea tasiosierone.

Ragional
adipose tissua

HYPERINSULINAEMIA
INSULIN TPL & ipolysia

HYPERINSULINAEMIA >
INSULIN RESISTANCE

B13. BBi#i(a), Cushing fEMREE(b), PCO B#&(c)D

4 R AAEPHFEREE  (Kopelman, 1994)
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7 E B F

#E18%

cm?) &, FHUUTOEEEAMME TT, Free T XU
SHBG »EEIENZ &, BilRE & 0BETIE,
AR RF R & O BB R ADOHBE»HE S LT
w9, Lhl, EBHEEEELEOWBREBEENREL
TeHZRIZ BV T, B kvE v SHBG k#ix, WHR
&0 & BMI L OBFEMEDE W LD S iziom),
Thbb, B S ERLE R SHBG 0EfIZIE,
HHgREA A £ v D & D IMEIEE R Z D b O DEMHR
KBEELTWBZERRBL TS, %7z, Leenen 5
137, EHE 2 MRICRET L, Bk €Y, SHBG i
WEsAE I ER & ORI EBESMHBEED szl L
B Uiz, #8812, Tchernof & 131, BigiF=R T~ v
Frrah, NEEIEEORE 2 5282817 3RV
EVKEDOEVERE LTS, ZORKRE, 2HED
RNV E Y, SHBG CEBREEZRORP oI LML,
B cRd shaMmE TT ® SHBG DETOER &
LT, BEEHREDOEENHNI L E2ERHL T3,
Leenen 5 37, 54 T v N> AIRIBHEREOET
& SHBG O¥MERD b DD, LEEHRE Uik
BrEEL, MEOEEMZE, AEZEEEHE
BTWRY, 25 OFEIZ, Tchernof 5190 RfE%
HERTAEELEEZONL D,
(2) NIDDM B#H W DWT

70r
—~ 60fF
1S
= 50
2 LI
= 40F
K] -
T 3ofF S o o
@ L
w2 . ®e s o
10F e o° °
O.J 1 L 1 L 1 ) S—
10 20 30 40 50 60 70 80
AGE (yrs.)
100
_. 80
=
=5
@ 60
T
» 4or . °
0% ¢ oo
’. L] Y
20} ) .
[ ]
oL' L L L N . L
10 20 30 40 50 60 70 80
AGE (yrs.)

Free
Testosterone

(2) NIDDM B#FiZDWT

Kitabchi & 1359, i 81T 3 FuLEER— A > X
) ViEFE— NIDDM EBAD, BarFV— Vv kT
"7 ey EOCEEZEEL Tw3 (K12),
m7vruyzriifEEET 5 PCORRFINVF Y=
MfiE % 23 % Cushing FEMREED B3 2 0 A0 % £
2T, A YAY VEFESEET 2HRE, LR
WD A YR VEEFIEDORBE DA = A L 2E X
3 EToEERERE TV TH %,Kopeleman 1357,
fE#E, PCO, 7 v ¥ v EBRHBEZEDA VXV Vikh
HRFEOBEIBO TEUT 2 Z L 2ERL T3 ("
13), Andersson 53V, FkUREEHEICERE
2ROy, NIDDM BF & 3 b u—LV#EOHERIV
E >, SHBG R¥EZHBRET LIz, £OFEE, SHBG
LEIBHEDT VY RuYxTH5 dehydroepiandros-
terone (DHEA) OFELRET L, ELKRU Free T ®
BERBINEHRELTWw3, $%bb, NIDDM 0%
MRV E VM (relative hyperandrogenism ; fH
B &, BHELZEOZ A LD TEEL
BiETH >z, :

—7, B NIDDM B& T, 2> ha—LBick
~,SHBG KU TT BEEICEY Z &3 Barrett-Con-
nor 5 & o THE &N, [FRkLE#EIZ NIDDM %

(pg/ml)

6000

5000

4000

3000

2000

DHEA-S (pg/ml)

1000

4 50 60
AGE (yrs.)

E14. THEEEEERE X NIDDM (257 2RI E 5 LU SHBG OFRS & DBSE (ERES & 5%1F
EXEREEEEHE (n=217)) (88& S, 1995)
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[ rp0 844 LPL=> (f)
A
IR ROFLICEYMME £ TatcHo vioL 1 oL
[3EMEE HTGL
$ I IAMOAFACEYETEL e fBpo £ " { 11 }
(3EMET H receptort
= IXROFACEUTE ! p
¢ TarAF o EYEmE S~ i LOL §¢
AT cHo—B/E 4 )
0 TOFRFLICEYET S } receptor
(HEMET }
------------- —f A —_
(G~ BESBRCEE> TV Ta-hydroxylase £ i po ALEE nascent HDL
KAt HTGL $4}
{ & <-}—HDL,-C(\ HDLs-C
\_/
LCAT =

15, zXtavzy, FAFRF L BIEERMTEES (&S, 1993)

*£3. HRALELE IS FOA

FOREBIRETHE (RFMAS, 1994)

total cholesterol LDL HDL TG
estradiol ! l t ()
testosterone ~ o ~
DHEA(-S) N \ ~ -
glucocorticoid 0 t 1 1 11
progesterone ~ A A ~

X5 & L7z Andersson & VREERAFERRE (IGT) 2xf
RELLEEZESORZ IS THHRESN TS, HEHI L
LT® IGT R U NIDDM && D& )VvE >, SHBG K
¥ LEEBME L OHEBREERIATRL TN 5%,

NEERBICOVT

B 25, BERBICTERECHES TE, BH»
BUENFETLI LS, ATaA RALvEVE
OBEENEE SN T E T, 22Tk, ERNE,
BLUBEM BT 2R vE Y LIEERB O
EMEERET %,

(1) EBERwTSE

B15i%, SAERMELERVE VI & B IEERB O
B, K5 R3WCIE, AT o4 FRVECDOIRER
FHCRIZTHEORPERN LT MIsh 5B &
S, TAMEY VR, TRA 1DEKZRES Y,
FEMNIZVETA FY—¥ (HTGL) &k 204
L, VYFYavATFa—V7y— VERESR(LCAT)
NDEE IR W s HDL2-C OEmE b 7253,
—hArurA7avii, A ba v Y OfEREXL,
—ERIZBIER L, —EB A fEA 3 %, HDL-C
T, 7R A 1OARIEEET 2 DD, HTGLIE
HOED:» Iz HDL2-C Oz %<, R LT
HDL-C iMETF 2EMCH 5, L Lo,
AbvYzrr~vk HDL-C & ORE®R LT L b
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32 ' R B % #18%
Total cholesterol LDL cholesterol Fasting glucose
5 2257 . g 1507 3 10

1257
2007

1007

1757
75 7

20

80

70

50

n n !
Tertiles of estradiol

Tertiles of estradiol

-
m | H 1]
Tertiles of estradiol

H16. RERABY (n=217) =& \F 3 Estradiol {f & § - FREAHIEE (EH>, 1995)

£, BMI, WHR, VO,max, BfEAY, SERLMEL AFHIHICL 3, tertile I

pg/ml, II : 21~35pg/ml, II : 36~60pg/ml
NRIVVIZIROLRENE S TH 5,

2 B *®

BB TA AT ar3EEOBRE L HICEH
IREE(GICBE L CHIBIRICE K L I ERDRhd
Sl H, MEFENEER VBRI TWS, 7A
A5 v HDL-C £ DIEDREEX, BHEME (25—
64, n=178)*, HEWEFE M (21—70F, n=55)°, 7:
NIDDM BEORZBWTHEENLTWS, LdL,
Stefanic 51913, BB (33—557F, n=73) B
T ApoB & DOfEicte U AIEDREE, %7 Semmens 517
1%, EEEME (25—43F, n=36) BT HDL-C &
ADBEELRED TS, 7222540 follow up study
T, TT DZ{tE & HDL-C O LB L OMIEER
BEEIIFE®D & e v o 7229, 304, BHE LKA BHIC?
WTEBREETOT A b X7 1 >3, HDL-C Ol
RFICR> T3 EHBHEEIN TV EY, I 5 DR
o, BB 2BERVEyOBINE. T

BELERZY, BERKREDOY X7 2R » LW

2RV, HSPIHT L bR ABNnE 3 TH S,
BIBHKDO7 Y FuYxrThH2DHEAB LU

DHEA-sulfate (DHEA-S) i, HEkVEY ELTD
YR D TH b 00, HUEHIEM, HERELE

R, PUBfERZz YL OABEREET 5 2 L 058
BEMIZENTV B0, ZDERAKFIZOWTIE, B
B TR J03% W, B DHEA-S {EfER
BV, MEER CHERS W BEIIRE L BEIk

BRECLZ2HTCENFERCE N EVPERSATY

299 —F BT 5 DHEA ORSEEERTHH

ENIRBMLIEF SHESE S T 2999 [fich DHEA-S &
FEERH L OBEIZ DWW T, B OBEESHTHE
BHRABMECBWT HDL-C L IFMEE 3 2 2 & h33ReE

ERT 39909, Unl, BEOBEREEE B

1 ~20

TiE, BEREEEIEED 5 h Tk, B EeE>
FEFMEA~D DHEA B 5E5 T, IBIEE & L%
TH TR, E - % BT, Triglyceride (TG),
Bavx5Fa—n(TC), TC/HDL-CH, LDL 21
AFua—)v (LDL-C) REOMEENHRESATY
21408 35 T, DHEA-S 13472 4 & b B
@ HDL-C/A¥r ORIC R IEDOMER2HE T2 D LE
%2 5%, Ebeling & Koivisto?®3, BEIZBWTIEE
BARNVEVERE, ThAbLIZ IV VMEL T
Fuyr s BWEWIREETE, DHEA 23EEE DT X
PP eI —HEELT, TAMEY ViR
DOERAZHREL, EHmED X S KHENIICZA by
= UPEEMUTRRE T, B2 RIEAEREZVLO
TREVHEHERIL T3,

HHz B3 SHBG OBEZEW DL T RELE LS
w3, HDL-C L IEAERE S % C & 28, BEEM S L UR
BREBRDY A7 #F T 2 BHOERE B THES
NTWw3™0 Fi- HDL2-C & ApoA 1 L ORIH
FEREOBENREI N TW 319, %7, Haffner 54
&, SHBG & TC 8L U TG L Dflic ADHHE:2ED
Tw3 (F#, BMI, WHR, ZERERFIIRER & U1 > R
UV ERIER) B b, BEEBHIC I W TES, BML
hEERE, WHR, VO,max, B, $0HEOKE L I3
7L C SHBG & HDL-C £ ORI EERIEOHM 2R
BT 3,

BYIIBII2ZA MY v OBHICOWTIETRE
07 < Jevs, Haffner 5494k, E2x HDL-C &
ORI ADHEE, TC £ DEIFWIEQHERED T
%, Phillips®i3, [LEIEEBHE OB, SBEECH
RCBLANOS 2 Tholel ehd, BEOET
A b u Y HREBREEIRE RO risk factor THS &
LRFRBR LI, Lo L, Uz LT Lindholm 5794,
30—60F DEEBEMEIZBWT, E2X TG & OEDFER
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i, EmEPEEQREEREIRITBY, Zho%
HWIET 3 L EEREERZEDRPo I D, Bl
DEITR b x REEMN risk factor THB Z EITK
BLTW3, IEFE, Bio HDL-C &8RO REHRT &
LTOIRbuyxrOBRESEHSPITEN A
3, EEEED E2v LR 3B T, £, BMI,

WHR, VO,max, B4, SEOHE 2+~ THRT 5 &,
E2D &8 £, TC, LDL-C, ZefarsigE (FG) 235
BREWI 2RO TS (K16)19, Lo T,H
5 TR AEER L~V O E228, BilREE( L OER 12 #1E]
MEAL T AHEEETRETLHDEEZL TS,

(3 &

ZHW BT 5 SHBG OETIX, HNAIEMAL (rela-
tive hyperandrogenicity) ORETH 5 3, Haffner
543040, BRI R VBB O HE 2T ThOERIIC B
W, HDL-C & SHBG & O EREZIEOHEE 25
DT D, Fi, ARZROZETED 51/ SHBG &
HDL-C & O DIEFERNIX, EE, #iESfh, 1 >~
AV ERELBEEEEET 5 e R MTL
T2 EE S b, PARATZME 2 RICHRET L, SHBG
i& HDL-C, HDL2-C, RU'7 R A 1 OFEZHIE

CRIET
A4 FRLECORE
A VR VEEHE

R, Sy ItDAIRY B2
Z

AFaA FhVEY

{3

Ea

#

anFS—n* 3
w7 v Koy v hnE* .3
3

3

i3

.3

[

FH*

E¥+FZ PRFOL*

PRERHEH (OVX) *

OVX+ TR k3 Ut—i*

OVX + a4 x57ovt L3
VET ~ & VKD ET

* Hélmang and Bjorntorp &
*  Kumagai and Bidmtorp &

BO—DTH2ZEEHEL TV, SHBG L 20D
fhofeERBEEEL TiX, BROBERE LD ST,
TG L DEDBEEMBHE STV 5219,
RERHCRIZTT Y F Uy« v OREE, 7or
A7FarPrhEEHLTWwS (£3 - K15, De
Pergola 51X, FARHIEHLAME B WT, Free T &
HDL-C & Oz & DBEE D T 5%, 1 [FEM
WWBWT,E2 £ HDL-C & ORI EDOBE %3 T
o EESH, FECHES ENEE oY —p—

- N e e e e

N

-—
-

FEMALE
@) Bats Abdominal NIDDM
abesity
Androgens TT TT T T
Type Il b fibers ™ i " .
Capillarization N. l\L Ll«
Glycogen synthase u, l\l» l\l,
Insulin resistance TTT /H TT
(b)  Bas Hyperandrogenicity —» muscle —» GS8 —> insulin

('pr(;spaclivs')
Abdominal
{cross-sectional)

( cros's-soctional )

Abdominal

(prospective)

Hyperandrogenicity -z—y
Hyperandrogenicity 2—?

Hyperandrogenicity -—2—7-

morphology resistance

) 2 ? . .
muscle —» GS —7 insulin

morphology resistance

2 ? . . k]
muscle — G5 —> insulin — NIDDM
morphology resistance

?
insulin —>  NIDDM
resistance

E17. FRAMAFarERSLEAMT Y b, ERREHS S NDDM ERICEFZ7Faz
FTb fiber, EMNERE, 7V 215 ARERE, 1 X)) VEHRECETEN() L, Rt

#Y  E R B R (b)

(Bjérnrorp, 1993) GS : Glycogen synthase
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34 7' B #®

L

=

#£18%

LLTCOBEEHET A P AT oy LMPIEES XY KE
HEDM AR ZBEEE 2L T3,

Ltk 817 % DHEA % & ¢ DHEA-S OfERIL, B
ML HERTH 5, FERTLMEI BT, DHEA-S
BHEEREEIF OER E BENDH D, ZOERT >V Fay
= URROEAERRTENIRBENTWS, X512, B
BEOETX buYx REBIZBWTIZ, DHEA (S)
D7 v RPuz EERRERT 2SRRI N
TWw38, 0 & 213, B oEH L e 2 DHEA
B 5T, Free T 230U, BRI HDL-C2MET L
e HEND 582,

IS DEESHITL T, HHERMD TIEENRE
DOFENIE, BB L UOLERVE VRN ENEE K
HERLLTVWE I ENTREEND,

OFERHE (12 P B2H) 2OVT

(1) ZERERMES

R4, Bjomtorp 5D TNV —FI2 X BT v b EX
12, hyperinsulinemic euglycemic clamp ¥ CEHiff
LicA YA VEREIERIZT AT a4 FkRLVE VR
SEZBOBREREHL WS, EEREER, Eb %
SHRELIHAETHRDONTWEY, Thbb, S
v PRUZHEEBOTE, 1R VBT~
#72 hyperandrogenism DBIE2S, —FfES v » R
BEHe 8 W TR, A7 hypogonadism D RE5. 5381
SMIENTWS, i, HZY PEBLTRE, 4~
A VRBEHERT ) a7 U EBROFT DL R
NVEYORESLIEHINTW B,

Bjérntorp —¥ki, 4 >~ RV Y#EHHES NIDDM O
REANOT7F¥udarDrI4 <Y —RE5E2EE
LTWBO DIF, ZORA A =X LZDWTEERM
2%, WEZY PEBWTR, &7 ¥ oy ViER
v, FT b 0B, BMImE 0w, 7Y a—
FUARBROET 2T, 4 YAV VEFMOR
RBSEL 3 (M17-a), FfERRER, ZoMloEEREAT

##&® NIDDM BETHRBO o5 TWw3, LT, K
17-b ¥ & 5 K2 RRBEFRZ2RIEL T3,
R, BEZ Y PADT R MR T O VvRESEREGOA
Y2 VEFMEREISEITERE LT, EMmED
BAWHES A VR VEEDET2HT T3 (9
18)o Z DK, 1 RV U REFHP GLUT4DET IR
RBOLGNTHRVLI E»S, HHlELVVTDA >R
VURBADOETR LT, ZVva—REEADA ¥R
VY7 FVOET, 7Y a7y EREEROET
BEL, A VR) VIEFIESERT L TWw 3,
iz, HEZ v PEBWTIE, EBEO7Fuv
YOETIED, 7)Y a—7 v ERESZOBET 2 -
TA YR YEHESREAL, ZhEPEDT X bR
TurORECL->TEEMTEZEBBD LT
3%'9(K19-2), FERREAIEE, BHEOEIREEEE R
U NIDDM BB BWTHRED LN TV BY, BiclE
MBEEHEBEADT A b AT 0 BE5 T, WK
DBDRA A ) AEFHORENRE SN T30,
DX D iEEE b L, M19-b IIRT & 5 RIRHH
ZHERERZRBL T3,

L L7 d35, Despres & %2 HulEF 3 T/ VAZED
WEINV—T71F, TV a—ATERA R kL
A7uA4 FRNVEY EOBFRZBEEECE, TENL
BAEERD T 31, Tizbb, MEOBERZ, &4
FERF R NIRRT E DRI S ZIRNRBERTH S
ZEERRABEENRCBESPIZ LI, 51, K
BETSyFr7ah, HErve v KRENERICE
%% 28, HRNVEVKETTYF VTSN, W
IBEPERICERS 2 (B7 X P AF 1, androst
-5-ene 3 B, 178-diol, RU' SHBG %z ¥ TK4}) T,
MFERE % LLERBRET L7z (20-2a, b)o % DR, HiE
CRAISEERRERRDEho 70, BECIEEL
ERRBOIZERBHPIC LIz, IhODORENS, it
BRRL7 VFuyz v ORICRD s -G i
i, PEIEFEROE IS ZREYR HkE & 8

xRi. EBHTHEDOESN XY > MEICEAT 3 X =X 4 (Bjornrorp, 1988)

Mechanism Tissue responsible Trigger factor Obesity subgroup
B -cell hypersecretion Pancreas Central stimulation, Not specific
insulin resistance
Decreased hepatic Liver Insulin, FFA, androgens Abdominal obesity
clearance
Peripheral insulin Muscles Insulin, FFA, androgens, Abdominal obesity

resistence

corticosteroids



kyudaitosho_enkaku65
ノート注釈
kyudaitosho_enkaku65 : None

kyudaitosho_enkaku65
ノート注釈
kyudaitosho_enkaku65 : MigrationNone

kyudaitosho_enkaku65
ノート注釈
kyudaitosho_enkaku65 : Unmarked


fEwE, o5 RERH#HL AT oA FhLrES 35

Normal
Capillary INS \
GLuc o S oS
. R o GLUC.
R N\~ *3%,
Muscle GS "(‘ % §‘!‘UT 4
Glycogen <—G6P °
Lactate
Testosterone
excess
. INS 5% Y Ly INS
Capillary GLUC. . ' GLUC.
R\ N\ o*
%, GLUT 4
/ 0%, S——
Muscle

GS_
(hypertrophy) Glycogen+ G6P

Lactate

18, EF Y P~ADTFX P XFOUEELNBRBDA
YRYERMESISBIT AN XL
(Bjorntorp, 1995)

ML T3,

(2) MEHE

HHgB A DE D & B ML EoEA v 2 ) v
MEFFD A H = XL 2ERS TRTY, KK S Mfg»
5DA YRV YU, EIBEF AR D& IC Bk <,
ZO YA - LT, FRECHERA R V&
REOFEEBSEZ OGN TS, —F, FETD4 A
VD7 V77 YARERBTOA R YEEHE,
BB ORBE ik E L CTEESh S, £/, h
ZFULOMNIV A —E LT, 1R >, HEHIBHRE,
BIUOT7 U FuYzUdBEELTwE L5 ThS, 7
W2, DA YA SEGIEREANE, aVvFaRT o
A FHEEL TR (R3IBR), 7Y Fuv= Ol
S5iBIL TR, TTIKRNIED TH S, BRI
T, B oD A a3 WHR EHHBIL
BB FTDA ANV 7 )T TRk, WHR ®
Free T & & DHES*, %7- SHBG L IEFER 24 % Z
EMFEIN TS, & 51, euglycemic clamp THE
fliLizA > AV VESZMX SHBG L IEHRES 5 Z L28,

MALE
(a) Bats Abdominal (T subst) NIDDM
(T subst) gbesity

Wi

Glycogen synthase J,L

Mm1T

Androgens

Insulin resistance

(b)
Bats: Hypogonadism —»
Bats: Testosterone —»
(intervention) substitution

2
Abdominal Hypogonadism ——
obesity:
Abdominal Testosterone —>

ity: substitution

(intervention)

2
NIDDM: Hypogonadism ——

s, —

(N) Lo !
(N) AN )

(N) 11 o) 1

GS} —+ insulin resistance
GS normal — insulin sensitivily
normal
2 . .
G/ —> insulin resistance

GS normal —> insulin sensitivity

improved

2

insulin resistance -—Lf NIDOM

19, =B LE#TY M(FRFXFOCRE), BHRREK(FZX T X70#5), LU NDDM
DEEDFTFOTzy, FYVIA-FUARER, 1R PERECETIEN(a) LRB
B A ERBME(b) (Bjorntorp, 1993) GS : Glycogen synthase
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