
cl,l)

,1,

I

The influencc of obesitv on
hyp.randrogenism and
infcrtiliw in the female

J

I ) t  . l I -1-  t ; tn r let ' . l lyr rc l ' l r l )

Scrr ior ' ( 'orrsul t l r r l  I t l r rs i t ian I ' ) r rkr t ' r ' i r ro logis l ,  | )e l ) :u1rr)cnt  o l  \ Ier l i t ' i r rc

I ) iv is iorr  o l ' l ' , r r<kr<r- i r ro logl  I  r r ivels i tv  oI  t l rc  \ \ ' i t rvatcrsr :ur<I . fohurrncsl luq H<>s1r i t ; r l

('rtL <'.s1x t rlt'ttt r'. ' tess:rrrlnr({)illi it 'a.r'onr

a a: - :.,.:t ::..,:
: :1::a.::,:tt ::.:jt:::: .:l
:.a:.ra:'':

,,:,'L11,1,;11,,;.. ,

::;": :a::: :.t:::::a.a:.:. :.:

: 
1;t::111:,:. ;.: 1::. ::.:;l;1.;111: ;..,:' ;;,:,,'

,:::.;,,,ra',at.,:,;,'
:::a::2:l:.:...111 '.

::::.:,at :.aa:. :' a::a ::a):::,

?t-;;,,,,,,:,1:i
ta,,
:.1.:::.r::,:,:::l:.t

- . 1 #-;#;i;i;;;;
H<xv to tl iugrtose poli<'r 'stic' ovulv sln<lrorrrc' (l '( '()S)

in pa( icnts rv i th  l r r ' l le lur t r i r -ogcnacnr ia : r r r r l  o l igo-

;urolrrlution (inli 'r ' t i l in ).
I I on '  < locs  t hc  p rcscncc  o l ' < l bcs i t l  i n l l r r c r r c ' c  t he

urluragenrcllt o1- l 'C( )S lxrticnlsi)
\\ 'hiclr syxrciiLl invcstiqations slrorrkl bc rlorrc in I 'C( )S

uatients. an<l rrto shorrkl l le lc' lerlc<lit

. IIoe orrr <lic <liagnose rarr poli l i . icslcusc <lvuli[ lc sin-

<lxxrnr (PK()S) tc rrutali in pasi€rntc nrct hipcran<lro-
gcncnric crr oligo-anovulasic (inli 'r-t i l i tci0.

.  I I< lc  l lc i r rv locr l  < l ic  aann'cs ighci r l  v i rn vctsrrg r l ie
hatrtcr-irtg van l)KOS yrasii 'rrtei)

. \\ ' irttcr-sllcsi;rlc onrlt 'r 'soekc nr<lc't gerl<>cu rr'or'<l irr

lxrsiEntc nrct l)K()S, t:rt u' ic nl()c[ \ 'el-\\ ' \ 's u'or-rl i)
,5:.f l";un I'rztct 200,'l; l,i(1): I /- l!)

INTRODUCTION

"Fatness and flabbiness are to hlante.
The v,ontb is unable to rec'eit,e the
senten and they menslruale in . f i 'e-
quent ly  "  Essay to Scynth ians:  By
Hippocrates 4'r' Century B.C.

The  po l ycys t i c  ova ry  synd rome
(PCOS),  one of  the rnost  common
causes ofovulatory infertility, affects 5-
10% of womenl. Over the years, after
the in i t ia l  descr ipt ion by Ste in and
Leventhal in 1935, this syndrorne has
been defined in different ways. Finally,
i n  1990 .  t he  N IH  es tab l i shed  new
diagnost ic  cr i ter ia  for  th is  d isorder
which are based on thc presence of
hyperandrogenaemia arrd chronic oligo-
anovulation. with the exclusion of other
possib le causes such as adul t  onset
congeni ta l  adrenal  hyperplas ia and
hyperprolactenaemia. Approx imately
600/o of PCOS wornen are overweight
or obese. and rnost of thern have the
abdominal phenotype2. The observation
of an increased prevalence of PCOS
among family members as compared to

the gencral population favoured the
hypothcsis  that ,  a t  the basis  of  th is
syndrorne, a genetic component may
exist. To date, more than 50 possible
candidate genes have been identif iedr.
The heterogenous clraracteristics of this
syndrome indicate a more cornplex
interaction between the senetic and
environmental factors.

PATHOGENIC

MECHANISMS

The timing of the nain evcnts during
thc nonnal menstrual cycle have been
outlined in (Fig l). Although a crit ical
mass of adipose tissue is essential for
the norr.nal development of the ferlale
reproductive function, obesity has been
slrown to produce rrrenstrual distur-
bances and sub-ferlility. The severity of
obesity and the distribution offat tissue
are important factors that will influence
the  fema lc  rep roduc t i ve  sys t c l n .
Adipose tissuc is a hormonal target as
well as an endocrine organ, demon-
strating an active role in sex steroid
metabolisrr-rr.

Ar.r.rong the honnonal abnormalit ies
wh ich  have  been  desc r i bed  to  bc
associated with obesity and anovulatory
dis turbances,  hyperandrogenaemia
appears to be the cornlron one+. In
addition, hyperinsulinaemia and insulin
resistance (IR) associated with obesity
wil l play a very irnportant role in the
syndrome in suscept ib le indiv iduals
(Fig 2). Insulin possesses true gonado-
tropltic functions, and increased insulin
availabil ity at thc level ofovarian tissue
may favour excess androgen synthesis.
Interestingly, the IR paradox in PCOS
may be associated with profound down-
regulat ion of  the insul in  receptor  at
pe r i phe ra l  t i s sue  w i th  i nc reased
phosphorylation of the serine residue,
whilst the ovary would have preservcd
exp ress ion  o f  t he  i nsu l i n  recep to r
function even in the face of severe IR
(Table l ) .  Obese women wi l l  a lso
display incrcased peripheral arornatiza-
tion of androgens to estrogens (Table
2), altered gonadotrophin secretion,
dec reased  sex  ho rmone  b ind ing
globulin, decreased growth hormone
and d i rn in ished insul in- l ike srowth
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Figure l: 
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ẑ
F

1t 11

! )<
-. tya-
a2
fi rYl
-  r )

Z
(,

a
(v,
-
3
F--\

o
1t,-. o

follicle 
I

proliferative

corpus luteum

I

secretory

Figure 2: Pnrposerl nrechanisrns bv u,hich obesitl' links ll.ith
hvperanch'ogenisnr

factor binding proteins5.
ln the presence of hyperinsulinaernia,

the action of LH on granulose cells in
women with PCOS will be amplified,
and the putative effect ofthe frequency
of gonadotropin releasing hormone
neuronal discharge on the secretion of
l u te in i z i ng  ho rmone  and  fo l l i c l e -
stimulating hormone has been illustrated
in fig.46 7. Anovulatory follicles are thus
likely to arest prematurely in a more
hyperestrogenic milieu resulting from

OBESITY

Hyperinsulinaemia
Insulin resistance

Endocrine properties
of Adipose tissue

W Hyperandrosenism @ffi
Hyperestrogenism @

Peripheral tissue

Down-regulation of insulin receptor

500% of cases:
T phosphorylation of serine residue

Ovary

Prese rved  exp ress ion  o f  i nsu l i n
receptor even in the face ofsevere IR

. Increased aromatase activity

. Increased E,

. Decreased SHBG

. Increased 17BOH-dehydrogenase

1 Progesterone/Testosterone/
DHEA

. Increased 11B dehydrogenase

J Aldosterone / Cortisol
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obesity, where the role ofandrogens as
substrate cannot be neglected (Fig. 3).
Androgens wil l play a synergistic role,
together with elevated levels of LH and
insulin in premature luteinization and
follicular arrest.

O the r  f ac to rs  ( f i g .5 ) ,  such  as
increased activity ofthe opiord system
arrd upregulation of the hypothalarnic-
pituitary-adrenal axis, have also been
irnplicateds. ln addition, leptin appears
to be a l ink in thc circle of communi-
cation between adipose tissue and the
reproductive systeln in a direct and
indi rect  lnanner.  Lept in can af fect
ovulation indeperrdently of insulin or
androgen levele. Neuropeptide Y (NPY)
has also been irnplicated in control of
food intake" oestrus behaviour and the
mechanisms controlling olulation. This
can, via direct effects on GnRH neurons
o r  by  a rnp l i f  y i ng  t he  p i t u i t a r y
responsiveness to GnRHr0.  Chronic
admin i s t ra t i on  o f  NPY leads  to
hyperinsulinaernia and IRr r. [t is known
that tumor necrosis factor is increased
in obesity. It participates in the control
of fertility, influencing negatively folli-
culogenesis and ovarian maturationrr. lt
will stimulate apoptosis of early antral
follicles by inhibiting aromatase activity
induced by follicle stirnulating hormone
(FSH) .  I nh ib ins  a re  l . r e te rod imer i c
gonadal peptides that suppress FSH

l i igurc I-]: Nlcc'lranisurs lx'u'hic'lr obcsitv links r,r' itlr :uurrlrlation
anrl infL'r'ti l it i '

release. They are involved both in the
anovulatory component of PCOS and in
the excess of intraovarian androgensr-r.
A negative correlation exits between
body mass index and Inhibin A and B.
The activation process of inhibins is
irnpaired in the theca-interstitial cells of

PCOS, and this deficit is worsened by
obesity. Decreased levels appear to act
as a marker  of  d imin ished levels of
ovu la t i on  t ak ing  p lace .  F ina l l y .  i t
appears that a diet high in fat and low
in fibre intake will be associatcd with
PCOSI4.

Figure l.: I)tttative eIl'et't ol' fi'c<lttertcr' of gonatlotrol)ir)-rcle:rsing lronrrone neur'()n:rl rlisclrarge orr
tlte sccretiort of' lttteittiziug ltorrnone an(l follicle-stinrrrlatine horrnorre
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THE INFLUENCE OF BODY
FAT DISTRIBUTION

Abdorninal adipose tissue behaves like
a special fat tissue with characteristic
metabolic activityr5. The abdorninal-
v i sce ra l  ( cen t ra l )  pheno type  i s
associated with supranormal estrogen
production, due to increased activity of
the aromatase systemr6. Excess abdomi-
nal adipose tissue has a positive effect
on the free testosterone level, through
the well-known negative effect on sex
honnone binding globulinr?. In addition,
obese women have insensi t iv i ty  to
endogenous insulin that is positively
corre lated wi th the presence of  an
abdo r r i na l  f a t  d i s t r i bu t i on rs .  An
abdorninal waist circumference of more
than 88cm shows a high conelation with
insulin resistance. There appears to be
a d i rect  act ion of  insul in  to increase
adrenal sensitivity to ACTH in hyper-
androgenic women, especially with the
abdominal phenotype of obesityr'q. High
cor t iso l  levels  wi l l  favour  fur ther
abdorninal fat accumulation as a result
ofthe high density ofcortisol receptors
on v iscera l  adipoci ty .  In  addi t ion,
PCOS women wi th th is  phenotype
present with a prevalence of menses
abnormalit ies, acanthosis nigricans. a

tendency towards worsened hirsutism,
a more unfavourable l ip id prof i le ,
increased FFA turnover and a worsened
degree of gl ucose intolerance2o.

CLINICAL AND

BIOCHEMICAI

CHARACTERISTICS

Tab le  3  g i ves  an  ou t l i ne  o f  t he
differences in clinical appearance and
biochernical  prof i le  between PCOS
wofilen with a lean or obese phenotype.
For practical purposes, this classifica-
tion is important as it will influence the
dec i s i on - rnak ing  p rocess  a round
treatment .  Several  features of  the
metabolic syndrome, particularly insulin
resistance and hyperinsulinaemia, are
consistently present in the majority of
women with PCOD. This represents an
important factor in the evolution of this
syndrome throughout life, and implies
that  PCOD by i tse l f  may not  be a
hyperandrogenic disorder exclusively
related to young and fertile women, but
may have some profound heal th
implications later in l i fdr.

Obesity is a very common manifesta-
tion in wolnen affected with PCOS
(> 50%), and the history of weight gain
f requent ly  precedes the onset  of

I,-igrrre l5: Mechanisrrrs lrv rvhich
obes ih ' -  PCOS

obcsih nrav cleter-nriue the
phenohlrc

oligomenonhea and hyperandrogenism.
This suggests that a pathogenic role of
obesity in the subsequent developrnent
of the syndrome. Howeveq most obese
women have normal menstrual cycles
and remain fer t i le ,  suggest ing that
obesity per se is not the only factor
i nvo l ved  i n  t he  genes i s  o f  hype r -
insulinaernia and hyperandrogenisnr.
Interest ing,  some recent  data have
int roduced the idea that ,  in  PCOS
women. the d isorder  rnay or ig inate
during intrauterine life, depending on
the mother and also on birth weight22.
However, PCOS is characterized by a
ve ry  h igh  p reva lence  o f  seve ra l
metabolic diseases, which are rnore
strongly influenced by the presence of
obesity. This will be of itrportance in
pheno typ ing  PCOS,  and  i n  t he
therapeutic strategy aimed at reducing
bo th  t he  hype r i nsu l i naemia  and
hyperandrogenaemia.

MANAGEMENT (TABLE 4
ANDs)

The GP should refer all patients with
an increased LH/FSH ratio ofmore than
2.6, a strong farnily history, glucose
intolerance or diabetes and clear clinical
signs of hyperandrogenism and long-
standing infertility to a specialist.

There is  ev idence that  a reduced
inc idence of  pregnancy and b lunted
responsiveness to pharmacological
treatments to induce ovulation may be
lnore comf i lon in  obese PCOS2r.
Pa t i en t s  w i t h  obes i t y  have  h ighe r
gonadotrophin requi rements dur ing
stimulation, fewer oocytes, a higher
aborlion rate and lower live-birth rate
than their non-obese counterpartsra. The
presence of  hyper insul inaemia and
hyperandogenaemia are probably the
major  factors responsib le for  th is
undesi rable s i tuat ion.  Weight  loss
represents the first l ine treatment of
obese PCOS women, since it irnproves
hyperandrogenism and hyperinsul inisrn
in most of them and, by itsell; it may
favour spontaneous ovulation and better
fertility rate in approximately 250h of
women. Whether hypocaloric dieting
comb ined  w i th  l ong te rm insu l i n
sensitizers (Table 4) may be more
effective than diet alone. is still under
debate. However, there is mounting
evidence that it may further improve the

Genetic factors

Increased susceptiblity
to develop PCOS

1
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I

insulin and resista
lnhibin
SHBG

T
T
1
T
T
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Androgens
Estrogens

The obesity -
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phenotype

B-endorphins
HPA axis
Leptin,NPY
TNF
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NORMAL WEIGHT OBESE

1. Minor i ty
2. Early onset oligourenorrhoea
3. IR independent factor
4. Nonnal FFA levcls
5. GH arnplitude normal

6. IGFBP normal/low
I n.s u I i n - i nducetl heput ic and
ovoriart suppre.ssiort

7. IGF bio-availabil ity higher
Insul in- i nduc'ed I G F B P- I
GH-inducetl hepatic lG F
stinulatiotl

8. IFG/IGBP ratio higher
9. SHBG nonnal/decreased

10. Testosterone (T and F) increased
I 1. Estrone / Free E, incrcased
12. Litt le additional extra-

glandular E-production

t 4

GnRH-rnediated increased LH
( L H  1 T 1 )
Neg. c'orrelation tt'ith BMI
Norrnal opiate tone

15. Cortisol levels nomal

16. IGT very unusual
17. Abnormal lipid profile unusual

l - )

|. >50o/o of PCOD
2. Weight gain precedes oligornenorrhoea
3.  lR as a resul l .  o f  obesi ty
4. lncreased FFA levels
5. Decreased 24h rnean GH

increased GH clearance
6. Decreased IGFBP- I

IGF bio-availabil ity lowcr

8. IGF/IGBP ratio lower
9. SHBG greatly decreased

(esp. abdominal phenotype)
I 0. Testosterone greatly increased
I l. Estrone / Free E. greatly increased
12. Extra-glandular E-production greatly

increased' Functional hyper-
estrogenism'

13. Estrogen-rnediated increased LH
(Mainly)
Can be normalised w,ith Progesterone

14. Opiate driven increased LH in
abdorninal obesity
' 
B-entlorphin res istance' of PCOD/

B-c'e I I hvpers ens it iv itlt
15,  Hyper-reacl ive HPA axis

e spe cial ly ab dont ina I typ in g
r6. rGT (20-s0%)
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effects of diet on body weight, reduction
of visceral adiposity, and amelioration
o f  hype r i nsu l i nae r l i a  and  hype r -
androgenismrs.  Ant i -androgens may
significantly improve IR in both obese
and non-obese women with PCOS. The
most clinically efficacious approach,
using ora l  contracept ives rn PCOS
women! can be obta ined combin ing
estrogen wi th cyproterone acetate,
wh i ch  has  p roges togen  and  an t i -
androgen properties and also induces
hepat ic  rnetabol isrn and increases
testosterone clearance. In cornbination
with estrogen, cyproterone acetate is
almost as effective as a GnRH asonist

a I  supp ress ing  se rum LH and
testosterone, and the clinical efficacy of
the two treatments appear equivalent26.

CONCLUSION

The pathogenic role of obesity in PCOS
may involve different mechanisms, the
major one being hyperinsulinaernia,
since insulin is capable of stimulating
ovar ian androgen product ion,  con-
t ro l l i ng  and rogen  me tabo l i sm and
inf luencing fo l l icu lar  development .
Different therapeutic modalities such as
diet, insulin sensitizers, anti-androgens
and oral contraceptives can be used to

improve  fe r t i l i t y  and  me tabo l i c
profi l ing.C

Please rel'er to the CPD questionnaire
on page 53.

References
1. Gambener i  A.  Pelusi  C.  Vinccnatt i  V er  a/ .

Obesity and thc polycystic ovary syndrorrc.
Inr J Obe.s Relut Menb l)isrtrd 2002;883-
896 .

3 .

Moghett i  P.  lnsul in resistancc:  what is  thc
ro l c  i n  PCOS.  Cu r r  Op in  Endo t  r i no l
D i uhe tcs 2002:9 :111-150.
Legro PS, Driscoll D. Strauss JF. Er.'idencc
ior a gcnetic basis fbr hyperandrogenemia
in polycyst ic  ovary syndromc. Pror Nut l
Acud St i  USI I99t i ;95:  14956-I4960.
Azziz R. Adlenal  androgens in thc poly-
cys t i c  ova ry  synd ro rne .  Cu r r  Op in
E ntloc ri no I D iu be tes 2002:9 :469 -47 4.
Diamant i -Kandarakis E.  Thc inf luence of
obcsity on hyperandrogcnisr.r.r and infbrtility in
the fbrl ale. Obes i n rcviet.s 2001 ;2:23 | -238.

Rebar R, Judd HL. \ 'cn SS eral .  Charactcr i -
za t i on  o f  i napp rop r i a te  gonado t rop in
sec re t i on  i n  PCOS.  J  C I i n  I n t , e . s t
t 976 ;57 :1320 -1329 .
Daniels TL.  Belg SL. Rcsistance oiGnRH
drive to scx-steroid induced suppression in
hype rand rogcn i c  anovu la t i on .  J  ( ) l i n

Endoc t'ino I M eru b | 998183 :552-590.
Pasqual i  R,  Viccnnat i  V.  Act iv i ty  of  the
hypo tha lan r i c -p i t u i t a r y -ad rena l  ax i s  i n
diff-erent obesity phenotypes. lnt J Obes
Relut Matab Disorclers 2000:24:547 -549.

Barash IA,  Chcung CC, Weigle DS at  a/ .
L e p t i n  i s  a  m e t a b o l i c  s i g n a l  t o  t h e
rcproductive system. Enrloci'inolog' 1996'
137 :  3144 -3147 .
Baucr-Dantoin AC, McDonald JK, Levinc
J E .  N e u r o p e p t i d c  Y  p o t c n t i a t e  L H -
decreasing hormone induced LH secretion
o n l y  u n d e r  c o n d i t i o n s  l e a d i n g  t o
prcovulatory LH surges. Endocrinolog.t
1992;3 l:2946-2952.
Stanley BG, Kyrkouli SE, Lampelt S el a1.
Neuropeptide Y chronically injected into the
hypothalamus: a powerfu l  neurochemical
inducer of hyperplagia and obesity. Peptides
1 9 8 6 ; 7 : 1 1 8 9 - 1 1 9 2 .
Cianci A, Calogero AE, Palurnbo MA et al.
Relationship between tumor nccrosis factor
and  sex  s te ro i d  concen t ra t i ons  i n  t he
fbl l icular  f lu id of  women wi th immuno-
l og i ca l  i n f c r t i l i t y .  l ! un tun  Rep rod
1996:'l l:265-268.
Haycs FJ, Hall JE, Boepplc P et al. Diffe-
rcnt ia l  conlro l  ofgonadotrophin secret ion in
the human: cndocrine role of inhibin. JClrr
Endotrinol Menb 1998;83:1835-l 841.
Pasqual i  R,  Casirn i r r i  F.  Thc impact  of
obesity on hyperandrogenisrn and polycystic
ovary syndrome in premenopausal women.
, ,  n 5, , ,16,  r inol  1993;39:  l -6.
Dauchi T, Ijuin H, Nakarnura S. Body fat
distribution in women with PCOS. Obslel
Gl ,necol  I  995;86:5 I  6-5 |  9.
Pasqua l i  R ,  An tenucc i  D ,  Cas i r n i r r i  F .
Cl in ical  and hormonal  character is t ics of
obesc amcnorrheic hypcrandrogenic women

7 .

l 5

t 0

I I

12.

t l

I 4

ItJ

l 6

SA Ianr Pr':rct 2(X)l]:,tr.r(,tr)



ttE

Normal weight

1. Often normal menses L Usually abnormal menses

2. No dietary induced changes
on androgen profile

2. Even 5oh LL: Marked improvemenl
of E/androgen profi l ing

3. Role of insulin-sensitizers
doubtful

3. Positive metabolic/hormonal response
More so in abdominal phenotvpe
. Metformin
. Glit izones
. Inositolglycons

4. High rate of ovulation with
GnRH

4. Blunted treatment response with
GnRH-hish aborlion rate with IVF

5. Anti-androgens
S piro I ac t on e/fl ut am i d e /

.fino s teride/Gn R H an tago nis t
- Decreased insulin resistance

5. Anti-androgens
Sp i ro ndac t o n e /flu t ami d e /fi n o s t eri d e
GnRH antagonist
- Decreased insulin resistance
- ? decreased visceral fat

6. Oral contraceptive
(with cyproterone acetate)
. (Prcgestogen: I GnRH pulses !

+ LH set'retion L
. Estrogen: Induces P receptors

in hltpothalamus and ISHBG
- Decreased Androgens / T
- Decreased Hirsutism
- Decreased LH

6. Oral contraceptive
(with cyproterone acetate)

Also decrease in waist
circumferences
Decreased IGT

. Low-calorie diet

. Drugs inhibiting B-cell secretion
- diazoxide
- semoatostatin

. Insulin sensitizers
- metformin
- troglitazone

. Putative mediators of insulin
action
- D-chiro inositol

before and af ter  weight  loss.  - /  C/ in
Endoc'ri nol M e tab 1989 :.68: 173 -1 7 9.

17. Mantzoras CS, Georgiodis EI, Evangelo-
poulou K el a/. DHEAS and testosterone
are independently associated with body fat
d i s t r i bu t i on  i n  p remenopausa l  women .
Epirle m io logt | 996:7 :5 13 -5 | 6.

18. Holte J, Bergh I Berne C el a/. Restored
insulin sensitivity but persistently increased
early insulin secretion after weight loss in

obese womcn withPCOS. J Clin Endocrinol
Metab 199 5 :80:2586-2539.

19. Kondoh Y. Uemura T. Tshikawa M et al.
Classi f icat ion of  PCOS into three types
according to response to human cortico-
trophin-rcleasing hormone. Fertil Steril
1997 :67:34-37 .

20. Pasquali R, Casimiri F, Venturoli S et a/.
Body  f a t  d i s t r i bu t i on  has  we igh t -
independent effects on clinical, hormonal

and metabolic features of women wit PCOS.
M e tabo I  i  sm |  994:43 :7 06-7 |  3.
Dahlgrcn E, Johansson S, Lindstedt G er ai.
Women with PCOS wedge rcsected in 1956
to 1965: a longtcrm fbllow-up focusing on
natural  h istory and c i rculat ing hormones.
l'ertil Steril I 992:57:505-5 I 3.
Creswell ll, Barker DJP, Osmond C el a1.
Fetal growth. lcngth ofgestation and PCOS
in adul t  f i fe.  Lancet  1997. '350: l  l3 l - l  135.
Fedorsak P,  Storeng R, Dale PO et  a l .
Obesity is a risk factor for early pregnancy
loss of IVF or ICSI. Acta Obstet Gvnecol
Scand 2000l.79:43-48.
Fcdorsak P. Dale PO, Storeng R et al. The
impact of obesity and insulin resistance on
the outcome of IVF and ICSI in women with
PCOS. Ann Reprod 2001;16:1086-1091.
Grenman S, Konnemaa T, lnyale K. Sex
steroid, gonadotropin, cortisol and prolactin
levels in healthy, massively obese women:
correlation with abdominal fat cell size and
e f f ec t  o f  we igh t  r educ t i on .  J  C l i n
Endocrinol Metab 1986;63:1257 -1261.

Rittmaster RS. Anti-androgen treatment of
PCOS Endocr inol  Metab Cl in N Am
1999.'28:4O9-421 .

z l

22

a i

25

26

SA l'anr Pract 2003:4ri(4) t9


