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Polycystic Ovary Syndrome and Insulin Resistance

Ju Youn Hwang, M.D., Byung Seok Lee, M.D.
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Yonsei University College of Medicine, Seoul, Korea

Polycysytic Ovary Syndrome (PCOS) is a common endocrine disorder characterized by chronic anovulation and hyperandrogenism. The

etiology of PCOS is complex and incompletely understood. Accumulating data conclude that hyperinsulinemia and hyperandrogenemia

may cause hormonal abnormalities that lead to disturbance of ovarian function. Although insulin resistance is not a part of the diagnostic

criteria for PCOS, its importance in its pathogenesis can not be ignored. Excess insulin is capable of stimulating steroidogenesis and

therefore excessive androgen production occurs from the theca cell system. Recently, the effects of insulin sensitizer in PCOS patients

are being reported and they include the improvement of menstrual pattern, improvement in hyperandrogenism, increased response in

ovulation induction and prevention of cardiovascular diseases. Understanding the relation of PCOS and insulin resistance will offer an

improvement in treatment of PCOS in the future.
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w7p A SRR e HE Aol A e
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S AghElo] ek Havh ok’

tha/d W SotoflA ojuel 7|der olad A
Fo] vehh=Al= of4] ek Hrelxl Zlo] gle
L Qlael =8A1] i, Sladl 8A Age] Aol
“1E]ar Q=Y signaling Aol & Al 7= Heo]
= Uk o] SollA WA 7Y Hi Ao ® holso
= 1&719] signaling Yol A UEh= Q1
&= 849 serine phosphorylation®]t}.

Slasl 84l 47 2719 o B-dimers 2=
heterotetramer& ©]%+= FE|Z o-subunit->
Agk Felola
tyrosine kinase®|t} o] S8 EL ligand binding®]
U =8AH AA|2] B-subunite]] EASl= tyrosine
0] autophosphorylation® o] A& &5 AEgic) o]
A& = 47)19] insulin receptor substrate (IRS)Z}
= o Zlof Y E 3l bind signaling molecule?l
phosphatidylinositol3—kinase (PI3—-k)E £35}o]
downstream© &2 HAYE Tl PI3-kS £33 AE=
Alzof ofsto] 2ol o], glycogen o4 Bl &F
) ol dojdtt, Treu wkef A o
phosphorylation®] &oJu}A] 9= serine®]| phos—
phorylation®] ¥FAISHH tyrosine phosphorylation©|
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Fig. 1. 1€ F&A<} 11gand7ﬂ?-§°ﬂ 28k tyrosine site®]
phosphrylatlono] dojd A [RSsE F3 pr3k=E 2S5t
HAasar g2l Gz Ao ub AR serine phosphrylation
o] dojite A Als Hgel ozt A x=' o] FI
glycogen®l FA7dol B v FRAdol EA7F A3

ol&dl APAAS SAsH= o= oral glucose
tolerance test, insulin tolerance test, frequently
sampled IV glucose tolerance test (FSIVGTT),

euglycemic hyperinsulinemic clamp procedure,
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homeostatic model assessment (HOMA), fasting

glucose/insulin ratio, quantitative insulin—

sensitivity check index (QUICKI) o] @)
Euglycemic hyperinsulinemic clamp proceduret

Qe ARAS A e 2T 4 i

ofe. o] WHe WY YR UL VY S
SN WY FEE %M 0 R W} 5] uf
ol Bt 7|2} AR PAAES BaE shel uke
A AT A ool B ALGEA] gkth 11 2lolw
ool AYT Q14T A Skl ANSHE P

HOMA (glucose
x insulin/22.5), QUICKI (1/(kog insulin + log
glucose)) 5°| 9o HOMA®?} QUICKI:= eugly—
cemic hyperinsulinemic clamp procedure?} =2 At
WHAE Hol de] AREIAL Q= WOt (Table
2)."" Glucose insulin ratio*= 91&o| wa} 7|47} &
epsol gtk o] SrelA T B AREA) o)
75 g WS} 2407 ol Wi Q14 HES 240
= 2/\]7} 7&1 Ek‘ﬂs]_ 74/\]._4 oﬂ_ ]’/]—_Q_J“_VJI. 7Po] %]
chshl oAk B ) e o XMOP <14o mg/dL, b.
s Aof] 140-199 mg/dL c. Q& H|oE2A T
=200 mg/dL, 2A17F & 9wl sk a. Sladl A%
A ]2 100-150 pug/mL, b, ¢l&d *5+HA 151-300

© 2 glucose insulin ratio (GIR),

1_‘

R

Z}
=

AR 2 Aol A *}oﬂ
+ biaguanides (metformin), thiazolidinediones

(troglitazone, rosiglitazone, pioglitazone)®] )01,

o] Qof%= N—acetyl cysteine (NAC), d—chiro—
inositol, diazoxide, octreotide, somatostatin
analog “5°| SIt.
Metformin

Metformine A28 YiH A4 Y =&

L
R

Wil A RARA QAFL AGEo] ek Fabg
& oMY Eey S ‘—’4 /AEE iE‘;‘A
oxidative/nonoxidative

o] oisl= GLUTI, 49| 4!
o] Al W ofF 571 —40}04 01]/‘1—4 iEE*
Ol 8L E 2T 7|E= Aw 2 Q%) 2R Aok 0 A
HHog et werk st | o]of Hslko]

1__

ug/mL, c. =% 2d&d AHSA =300 ug/mL, metformine Ql&79] =84 A S7HA7]AL =&
Table 2. (V&% AFA HAEe] G
eholsdl Hlg  YEstEAL oEHE FSIVGTT HOMA QUICKI
S5 AL
Quantitative Yes Yes Yes Yes Yes Yes
Invasive No No Yes Yes No No
Simple +++ +++ ++ ++ +++ +++
Economical Yes Yes Yes No Yes Yes
Reproducible + + ++ ++ + +
Ability to measure + ++ ++ ++ + +
glucose tolerance
Correlation with the clamp Not good Not good Good Good Good Good
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Eofgt 4% W g Tew FEE 0w

K59 Metformin |5 < clomiphened AR
dl+= 212 clomiphene®| F7} Gl SRl A % b
22} QAIES AT Alog oAt (Table
3) @

Metformine- plasminogen activator inhibitor—1
(PAI-1)S AAISIE E3 thrombosiss A8}l
glycodelin®] S7F5 &3l WY W& AA|AA A4l
7] A1) SRS S B3NS e,

it
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F
il

metforming -8 4-5- %Vd Zj Zﬂ% o, daw
Y A 74, testosterone 74

WA T Slead BES- 7iAl Jatol]l oaliA O"L*é e
1oAY B2 R gk ¥ HurA )
AlE0] tf5lo] metformini} clomiphene<: H| W5}
], metformin®] clomiphene®f BH|5}o] eF& 3t A=

A} (68.9% vs 34.0%).%

tha/d W S5t et YAl Aol @ofle of
2 A A AtEo] Aldw AgkS S
=9 metformin®] 2]5}¢] total cholesterol¥} LDL
cholesterolo] ZFAEtl= Hu5o] 9oy * g} o]
efgt Fs o} ujulakcka skt

Metformin®] o 71712 352004 67)&71A] tfeFst
t}, 3}2o] 1000-2000 mgs 2-33] Halslo] Fols
—Eﬂ ’IB_ H;(L_Q__EL *‘U\]— _g/d L’_E_z:]ﬂ—% ]_
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Table 3. Metformin AH& ¥ 973 F7] gt @ Al &3

Author Duration Subject Cycle regularity Ovulation Pregnancy
Hoeger (2004) 11 18 - -

Kocak (2002) 1 56 Improved Improved
Fleming (2002) 3 94 Improved Improved

Pasquali (2000) 6 20 Improved

Moghetti (2000) 6 23 Improved Improved

Nestler (1998) 1 61 Improved
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gl A} 5‘33011711*1 HPAE|Qlctar gk
Metformin®] 27|20 2= A1} 7]%0] AslE A%

(Cry1.4 mg/dL), 7F A3} AHHd, 478 J§ 59
o] Gliz %9-oltt. FDA category BS HliL%] ok

ou] o) BE HENE BF S 5 ue/mlE
WA itk et A2 thy U 5 S
A4 /1 S mertorming: 48 A5 hd 5
wsto] eolol ] & BF HEE Liehis Zlo] Sl
so] 47121 Japoll ofg F7bAel 7t wasteh
4w Qe

Thiazolidinedione

Thiazolidinedione & A|Y *-2 7I¥t= triglitazone
= Al2E T 2] e AstAlmA 19979 vl
|4 Ao 8 5915 W2 ofFoln), TLeuf Jhof| ot
Ao r Qlef] A= T o) AR A AL qlo
71 & 9]9] rosiglitazoned} pioglitazone®]| 7J|2E] o]
AREE]aL )t} Rosiglitazone} pioglitazone®] thgt

2

-z

oq—LL o}x] Zl:lol_x] oLourx]._g_ 7]qujf feR= EH_\TL
FOl wHojA 7]E9] troglitazones AREslo] ALgH
A7} rosiglitazone} pioglitazoneo| = 4842 4= Q)

o

Ao e,

H okEE9S peroxisome proliferators activator
receptor (PPAR) agomsti/\i PPAR—&} Aslsic}
PPAR—2] F7|%-& free fatty acid oxidation &4l
lipoprotein ‘s &0 Pofol= of2] G-HAAF 9hal =
9 AS vhe AR A A Qlo) Rosiglitazonedt
pioglitazone2 PPAR—R} Aglslo] 9o} 742 7Aoo
Olste] FaFAA] (glucose homeostasis) S FAsH= &
HAYS] MRS Z7bA17 |5 wfeb ol 4] T An
Z7MA)7)1= 28-S vkelich ® Thiazolidinedione-2

ru9 rL{

Yap ol 3 99
A|HFAF (free fatty acid)Q] %l 7FAA|zIch ?#
Aa clerdle] o} (st e o] b
s WS- A=A O] SRS QI 4= QA2 oF
& o5 Jhh AR Ajzzo A Sl Whgo] S7tE
o] ZRlEA o thdA Wa

thiazolidinedione AMESH 2 9 Ak Ay} 2FA=9]
Al A ERE o] k=2l Fet vighEo| Y
QL 9l Ao 7haslgct ¥ RosiglitazoneS:
EoJgt ALof| A= testosterone, androstenedione %
DHEA®] 749} SHBGO] 2717} &ol=¢lal 20044
Belli 52 rosigliazone©| Ql&d 2H-A 7|4 &3}
9 935 LH, IGF-1%% Aste} oA 47 7719 74
A JZI7F 9ee vtk 2004 Ortega—
A

Ja

W AS A

4

[

e

Gonzalez 52 pioglitazone¥} metformins
W S5k SRpollA| 6711 ERE FofRt & AdE vlal
wlgrol ol thad WA 3 el
pioglitazone®| metformind} FARHA & ¢l&d 5
ToF WSk HAF 2AKF 9] QlER] s
= Zo] =L T3t = AA| w5 o A4
3} testosterone W androstendione®] =& ZIAA]
L= l‘L'J—OPOjE} 2 A= Hvke] ol vl o
& Tot EANES e 5kl ulof R gt
Aol Al AiE A-8517] o2 L pioglitazone©]
metformin®| H]glo] F& Q1&d FEE U Wol ¥
F7] el dedl wheAd Al avprt et
Aoz AR Yol ik, F|tof+= rosiglitazones
clomiphened} 20| MR 9 hHAl ks S 2
ARe] HigkEe] F7REHME Haz QL
tazone} pioglitazone?] vjgrEo| gt A4t =5
SHA] QFOut metformind} fARY A o= AYZtETH
(Table 4, Table 5). 18t} dA7IX]+= metformino]
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Author Duration(m) Subjects(n) Testosterone Cycle regularity Ovulation
Ortega-G (2005) 6 52 Decreased - Improved
Brettenthaler (2004) 3 40 Decreased - Improved
Guido (2004) 6 11 - - -
Romualdi (2003) 4 18 - Improved -
Table 5. Rosiglitazone *F8& F testosterone, €745 71, Ml& &3 3 ded Ao W3}
Author Duration(m)  Subjects(n) Testosterone Cycle regularity Ovulation Insulin
resistance
Dereli (2005) 32 40 Decreased Improved Improved Decreased
Sepilian (2005) 6 12 Decreased Improved Improved Decreased
Tarken (2005) 31 12 Decreased Decreased - -
Baillargeon (2004) 6 100 Decreased Improved - -
Belli (2004) 3 24 Decreased Improved Improved -
Ghazeeri (2003) 2 25 Decreased Improved Decreased -

88 e 2

Q4 5

=
2ol
al
N

;
N
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Aog oz kA=
diazoxide, acarbose, somatostatin analog L&
So] ik, o] el Sl
82 U A Ak KA LA el
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