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ABSTRACT

There is a lack of longiludinal studies of infertile patients with oligofamenorthoca examining changes in
hormone concentrations and ovarian osphology. In this prospeciive longitudinal study, women with
oligo/amenorrhoca (n = 42) were studlied in detail and compared with a weight-matched group of
regularly menstruating fomales (n = 20). Women with oligo/amenorrhoea exhibited an insignificant
increase in body weight (BM1) but truncal-sbdominal fat (WHR) was siguificantly higher than that of the
comrol group. The mean basat FSH concentrations were similar in both the groups; E, and SHBG
concentrations were lower, and LEH, T and ¥AJ were significantly higher in paticnis than in controls.
The comparison ol the mean follicwlar phase endocrine profile during the S-week window of
observations, showed that the ovaty was in a dynanic state, even in the abscnce of follicnlar growth and
ovilation, and that E,, LIT, T and consequently FAT were variable, both Letween and within patients.
The mean follicukar phase SHBG congcentration was the most stable cndoctine variable, and SHBG was
aiso the only endocrine parameter ablc to distinguish betwcon ovulatory and anovulatory cycles.
Significantly higher concentrations of SIIBG were found in spontuneousty accurring ovulatory cycles of
patients in comparison to those in patienis who werc anovulatory daring the period of observation; the
former group SHBG levels were compatible with the Iovels of controls measused in the follicalar phase.
The dynamic test for measurement of insulin resistance (IR), the SITT, was carried out twice in patients
with oligo/atrenorrhoea (1t = 34) and in controls (n = 20). The SITT yielded similar KITT-values in
patients and controls, there was cousiderable within patient variation and no selationship with
authropometric variables. Fasting 1, GLU/INS ratio and FIRT (fog,q FIRI) appeared to be beller markers
of IR than the KITT-value in paticnts with oligo/amenorrhosa, as they showed the significant expected
relationships with anthropometric variables, especially WIIR. The differences in IR between the groups
appeared to be related to body mass differences as they disappeared after controlling for anthropometric
variables. The longitudinal window of obscrvations showed that the occurtence of follicular growth and
spontancons ovulation was conunon in patients with oligo/amenorthoea (n = 18). However, inadequate
tuteal phasc function {assessed by PI) was demounstrable in most of cascs. It was apparemt that LH,
androgens and IR had no direct influence on the occurrence/absence of follicular growth and spontaneous
ovulation. The follicular IGF-I concentrations were significantly lower in patients than in controls,
despite similar foilicutar GH concentrations. The 1GF-1 did not correlate with follicular FSH but it did
correlate with KAl 'The 1IGF-1 was significantly higher in patients who ovulated than in thosc who did
not ovulate. Baody fat distribution (WHR), rather than body weight (BMI), had a significant negative




impact ou the incidence of spontaneous ovulation. Leptin concentrations were strongly correlated with
anthropometric vatiabics, FI and FIR[ (log)o FIRI). However, there was no significant relationship
between leptin and ¢the occurrence of spontaneous ovulation. Longitudinal US observations confirmed
that the ovary is not a static organ in such patienis and that TOV, the munber and distritwtion of follicles
all showed considerable intra- and inter-patient variability. The most sensitive US criterion for the
diagnosis of PCOs was the thickened stroma, while TOV was the least sensitive and most variable
parameter. Ultrasound diagnosis of unilateral PCO was observed in a number of patients (n = 8). The
mean TOV of the study patients was significantty larger than reported norutat values. The US indices,
TOV, follicle number and distribution and stromal thickness, did not correlate with endocrine, metabolic
or anthropometric variables during the period of observation. Asymmetry of the ovarian volume was
noticeable in 64.4% of cases and about half of the patients showed more than 100% increase in TOV
during monitoring, regardless of the presence of follicular growtlr. Ahnost half of the patients showed a
mixed picture of peripheral and centrai follicular distribniion and a change from peripheral to central
distribution or the reverse, was observed in > 60% of cases, It was found that the targer TOV favoured
periplicral distribution of follicles, was associated with significantly higher foilicle numbcers and the
occurrence of bilaterally thickened stroma comnpared with the smaller ovary. Women with PCOD (n =
11) demonstrated higher WHR, fasting TG and lower HDL-C: concenirations than did a group of healthy
females. Post-heparin hepatic lipase assays showed that the concenlraiions, in women with PCOD, were

sigunificantly higher than those in normal females and approached the male range.

These siudies showed that women with oligo/amenorrhaea, showed dynamnic changes in ovartan and
biochetiical / endocring parameters when examined serially. These changes were independent of
ovulation and did not appear to be directly refated to any of the netabolic paramciers. The only

parameler which was significanily linked to ovulation was SHBG.

The results of these studies improve ouy insight 1aio oligo/amenorhoea amd the associated PCOD aud
mean that in futwe any investigations performed on such patients should invelve serial rather than single

observations.
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CHAPTER ONE - INTRODUCTION

1.1 GENERAL INTRODUCTION

In Britain it is believed that about 14% of couples experience difficulty either achieviug pregnancy or
having a liveborn child (Hull, 1992), although rates as Ligh as 25% have beenr reportcd when shorter
durations of infertility are used (Greenhall & Vessey, 1990). At least half of these couples will present
with secondary infertility, and the infertility will remain unresolved in a further half of each gronp (Hull,
1992).

Ir. general, the main categories of infertlity appear to be : ovulatory disorder (mainly amenorrhoea or
oligomenorrhoea) about 30%; sperm defects and uncxplained infertility cach aboul 25%; and pelvic
and/or tubal damage about 20%. Much less frequent causes are endomctriosis (5%), cervical mucus
defect (4%) and coital impairment (6%) (tull, 1992).

Anovulation is a very cominon problem which presents itself in a variety of clinical manifestations
including amenoirhoea, irregular menses and hirsutism.  Serious consequences of chronic anovulation

are infertility and a greater risk of developing endornetrial carcinoma,

Normai ovifation requires coordination of the menstroat system at all levels, the central hypothalanwus -
pituitary axis, the feedback signals and local responses within the ovary. The loss of ovulation may be
due to any one of a variety of factors operating at each of these levels. The end result is a dysfunctional
state : anovidation (Insler & Lunenfeld, 1990).

Anovulation is a key feature of PCOD. Polveystic ovarian disease represents @ heterogencous group of
conditions ranging from a merc ylirasonic ovariun finding to the full clinical syndrome described by
Stein & Leventhal in 1933 (Shaw, 1991). The symptoms may be the consequence of the loss of ovulation
. dysfunctiona! bleeding, oligo/amenorrhoea, hitsufism and infertitity. Each presentation requires a

specific diagnostic and therapeutic approach (Insler & Fnnenfeld, 1990).

24




1.2  BACKGROUND

1.2.1 HISTORICAL BACKGROUND

Insler & Luneafeld (1990) reported that Anionio Vallisneri int 1721 described the classical clinical and
anatomical features of what is now called "Polycystic Qvarian Discase". Chersau {1844) was the first to
describe the "sclerocystic” disease of the ovaries, which was described as thick, pearly white ovarian
capsule, Removal of both ovaries was a popular procedure in Europe thereafier, particularly in cystic
degencration or sclerocystic disease, Pozzi {1894) and Waldo (1893) then advocated a less radical

procedure, the wedge resection (Fulterweit, 1984).

“Microcystic degeneration” was described by Forgue and Massabuau in 1910 as a condition with many
pea-sized follicular cysts scattered over the ovarian cortex. Irving I', Stein and Michael I.. Leventhal
(1935) were the first to relate polycystic ovaries in some of their patients with amenorrhoea anc

infertitity; prior to that amenorthoca had beon related only to small attophic ovaries.

Based on diagnostic studies of wedge resection biopsies, Stein and Leventhal (1935) gave their
description of a syndrome, named after them, consisting of clinical featwes of amenorrhoea, infertility,
abesity and hirsutism assoctated with bilatcrally enlarged cystic ovaries (Steln & Leventhal, 1935).
These were S-L ovaties: enlarged ovarics with (hickened tunica. There has been mich interest in the

condition since then.

1.2.2 DEFINITION

In ihe presence of a diversity of clinical manifestations and biockemical vartabilities, therc is no one
wniversally accepted definition of PCOD. It has become clear that the criteria of anovulation, infertility,
obesity, hirsutism and the presguce of bilaterally enlarged polycystic ovaries are restrictive as with time,
an increasing number of paticits with PCOD and divergent ¢linical findings have been observed. The
classical picture was also found to be associated with a number of endociine disorders of diverse
actiology. Therefore, the so called "S-L syndrome” is now only apptied to those paticats with the critesia
described sbove whereas the terin PCOD is now adopted to describe a broad heterogeneous spectiun of

abnormalilies, characterized by "poly-follicular" rather than "polycystic" ovarics (Fullerwetl, 1984).
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The most clear cut definition of PCOD consists of an association of chronic anrovulation, mwlti{otlicular
ovaries, thick stroma, hyperandrogenisie aad ¥GS (an increased plasma concentration of LH relative to
that of FSH - increased LH:FSH ratio) (Tutterweit, 1984).

Muitifollicular ovaries, observed in womcen with weighi-loss refated amenorrlioea, arc  considered to
represent a normal ovarian response to a hypothalamic disturbance of Gn control (Adams ef of 1985).
Such ovaries arc usually fiormal in size or slightly entarged and filled by = 6 cysts 4-10 mm in diameler;
in contrast to women wilh PCOD, siroma is not increased. Such women are not hirsute and serm
concentrations of LH and FSH are normal and decreased respectively. Ovarian morphology reverted to

normal in ovulatory cycles, whereas in PCOD the polycystic pattern persisted.

PCOD is categorized as WHO Group II ovarian insufficiency with hypothatamic-pituitary dysfunction
(Breckwaldt et af 1986). The classic SL-PCOD (type { PCOD) is described by the association of (a)
bilateral polyfollicular ovaries, (b) anovulatory infertility, (¢) menstreal dysfunction, and (d) hirsutism.

This discase is commonly associated with obesity, hyperandiogenism, increased peripheral conversion of
androgens to oestrogens, and an elevated LH to FSH ratio (Stein & Leventhal, 1935). This may result
from an aberrant puberty cansed by an abnormal peural development in the brain with a resulting
hypothalamic-pitaitary-ovarian axis alteration (Mechanick & Futterweit, 1984; Mechanick & Fulierweit
1986).

While type IE non classical PCOD includes those without one o1 two of those classical clinical sigos, they
do have PCO and an abnormal adrenal androgen secretion (Wu & Mikhail, 1979; Mechanick &
Futterweit, 1984).

The term PCOD, or polyfollicular ovarian disease, is applied to a wide clinical array of ovarian, adrenal,
and mixed ovarian and adrenal disorders which eventually culminate in polyfollicular ovaries in various
stages of growth and atresia (Mechanick & Futterweit, 1986). It is considered as a spectrnm of disorders
with hyperthecosis at one end and asymptomzatic fertile women with polycystic ovaries at the other end,
involving complox inter-relationships between hypothalamus-pituitary, adrenals and ovarics; this may

result in oligomenorrhoea or anovulation and excess androgenicity (Berger et af 1975),

There can be clinical, biochentical, histopathological or nitrasonic definttions of PCOD. Some would
consider PCOD to include more than one entity or it could represent different degrees of the same

disorder.
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1.2.3 PREVALENCE OF PCOD

Polycystic ovarian disease is probably the most common endoctinologicat disorder resulting in chronic
anovulation among women during their reproductive lives including adolescence (Vaitukaitis, 1983;
Franks el af 1988; Dunaif, 1992b). Little is known of the true incidence of pulycystic avaries and it
appears quitc variable. This is to be expected since neither clinical manifestations, biochemical chanuges
characterizing the disorder, nor the pathophysiological mechanism(s) underlying the disease have been

well defined and penerally understood.

In a serics of 12,160 unsclected gynaecological laparotomies, the prevalence of polycystic ovaries was
1.4% (Insler & Tauunenteld, 1990). Ginsburg & Havard (1976) had reported a much higher incidence of
PCOL - aboul 17% in their experence. Polson ef al. (1986b; 1988) performed pelvic ulirasonographic
examination in 138 normal womcen of reproductive age. Polycystic ovaries were defined ultrasonically by
the presence of = 10 cysis 2 - 8 mm in diameter, associated with an increase in the ovarian stroma
(Adams er al 1986b). They reported that 22% of the ovaries examined were polycystic, although when
they 1eviewed their menstrual histories they found PCO in only 9% of the women with regular cycles (vs.
75% of those with menstnil trregularitics). They concluded that the prevalence of polycystic ovary in
women with regular cycles was very low, The incidence is quite different if menstrval disorders or
hirsutism are present. PCOD, diagnosed by US, was reported in 26% of amenorthogic women, 53~ 86%
of otigomenorrhoeic women (Adams ¢f af 1986a;, Eden & Place, 1989) and ranging between 75 and 92%
of hirsutc patients after exclusion of adult onset CAH (Adams et o/ 1986a; Baron, 1991). This shows
that PCOD diagnosed by US is very comimon in anovulatory women (37%) (Adams ef af 19862) and 1his
incidence might be increased by the presence of obesity (Hden & Place, 1989). Tulppala and his group
{1993) assessed the occurrence of PCCO in 50 patients with history of recurrent miscarriage and found
44% of their patients had PCO dolectable by vaginal US. This frequency was higher than that in a
control group bLut it was not predictive of the outcome of a subsequent pregnancy. It cant therefore be
concluded that atthough more definitive diagnostic wiferia are needed, PCOD is more prevalent i

women with mensiryal irregularities (oligo/amenoirrhocs).

27




1.3 IMPLICATIONS ON GENERAL HEALTH

Insulin is a polypcptide hormone which is secreted by the fi-cells of the pancreas and affects
carbohydraies, protein and lipid wetabolisur. Under normal circumstances, I regulates glucose
meiabolism mainly in liver, muscle and adipose tissues, In the tiver, 1 inhibits the production of glucose
by inhibiting gluconcogenesis and glycogenolysis and promoting glycogen siorage. In muscle and
alipose tissne, { stimwlates the uptake, storage, and use of glucose. Insulin also has a major tole in the
sysiemic regulation of protein and lipid metabolism. Other actions of I which are less khown include
stimulation of potassinm transpor( in muscle, cellular differentiation in adipocytes and ils etfect on

ovarian androgen production.

Womon with PCOD may have major metabolic complications. Hypeninsulinaemia and IR may be
involved in the pathogenesis of PCOD. Insulin resistance is defined as a subnormal biologic response to
a given concentration of I The clinical conseyuences of IR results from either deficient or excessive I

agtion,
Insulin resistance has a major role in the pathogenesis of many health disorders which include :

1. Type A syndrome of severc IR ts ai inherited disorder due to defects in I-rcceptor locus. It is
characterized by marked cndogenous hyperinsulinaemia with or without glucose intolerance,
acanthosis nigricans and ovarian hyperandrogenization. The presentation is nsuaily of amenorthoea,

hirsutism and virilization in a lean patient.

Variants of type A syndrome include teprochaunism and fipodystropby. Leprochammnism is a rare
congenital syndrome characterized by intrauterine growth retardation, dysmorphic features, lipoairophy,
acanthosis nigricans and IR. This disorder affects newborn females who present with cystic ovarics,
hirsutism and cliteromegaly. Lipodystrophy, where patients may have no adipose tissue, is characterized

by acromegaly, dysmorphic fealurcs, genital hypertrophy and cardiomyopathy.

2. Type B syndrome where IR is caosed by the prescnce of autoantibodies to the I receptor. The patients

present with anconirolled diabetes, acanthosis nigricans and ovarian hyperandrogenization.

3. Non-insulin dependent diabetes mellitus caused by a defect in the functional capacily of the
pancreatic 3-celis 1o secrete I or by IR. The ability of I to stimutate glucose uplake in muscles and fat
is impaived. Obesity alane muy be associated with a similar but less scvere delect.
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4, Severc IR is assoctated with ovarian thecal hyperplasia, hyperandrogenism and obesity.

Hyperinsulinaemia resulting from IR may contribute to the pathogenesis of the PCOD.

5. Hyperinsulinaemia is implicated in the pathogenesis of cardiovascular disease, essential hypetrtension
and hypertriglyceridemia. The clinical association of IR, hyperlension, increased VLDL and

decreased HDL-C concentrations in plasma s termed * syndrome X ™.

The association behween hyperinsulinacmia and these significant health disorders requires intensive

investigation for 2 betler winderstanding of the pathogenesis of disorders characicrized by IR

1.4 OBJECTIVES OF STUDY

Polycystic ovarian disease is a fairly conunon causc of female infertility presented with menstruai
dysfunction (inainly oligomenorrhoea). The pathophysiology of PCOD is far from clear and is still the

subject of many hypotheses and speculations.

Women with PCOD have been shown (o have significant peripheral IR similar to individueals with
NIDDM (Dumaif, 1992a). These women arc al increased risk of developing NIDDM at 5 very early age.
The offcot is cxacerbated by the presemce of obesity, a common finding in PCOD patients. The
association of hyperinsubinacmia and hypcrandrogenism has led to a better understanding of PCOD
pathogenesis and (o the recognition of its subscquent metabolic as well as reproductive complications, Ii

should be appreciated that as a consequence ta PCOD, women may ltave major metabolic complications.

Hyperinsulinaemia may be the trigger mechanism of the pathogenesis of PCOD. Insulin resistance is
penerated peripherally. Fasting hyperinsulinaemia may be used as a guide to the existence of IR and the
SITT might be a suilable melhod for asscssing IR (Akinmokun ot af 1992; Iirst et ol 1993). The
changed sensitivity of peripheral tissue to I activity may constituic a primary event in the genesis of IR
The literatare shows conflicting reports regarding the correlation between hyperinsnlinaemia and ovarian

hyperandrogenism in PCOD.

Some growth tactors may have imuportant roles in modulating ovarian responses to Gn,  Among themn,
IGF-] seems to be an important stimwlatory factor of granulosa cell differentiation. The physiological
activity of 1GF's is modualated by a number of specific binding proteins (IGF-BP's). IGF-I is stimulatory

lo TSH action (i.e. potentinics ovariau steroidogenesis), whereas I inhibits binding of IGF-I to its
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receptors. IGF-1 may also potentiate the ability of LH to stimulate androgen production, Tt is postulatcd
that I, direetly or via 1GF-I, may modify ovarian steroidogenesis or the aclion of androgens at target
tissue levels. Obsse PCOD patients, who also tended to have higher androgen levels, have been reported
to have more pronounced IR than non-ohese women which ay influence IGF-I concontralion

(Slowinska-Srzednika ef af 1992).

Among hormones known to cause or predispose to IR are (74, corlisol and PRL. Increased feedback of

IGF-] at the level of the pituitary gland could lead to & reduction in GH sceretion.

Leptin, a recentty discovered hormonal product of the obesity gene expressed in adipacyies, is thought to
play a role in the repulation of food intake and mctabolism (Barash et af 1996, Caro ef al 1996). In
ice, leptin receptors were identified in the ovary and leptin was found to stilmulale gonadal function
{Chehab ef gl 1997). Litile is known about the physiologic action of lepiin in huinans, although it is
clear 1hat circuiat'mg Icptin concentrations arc linked with total adiposity, and it may show abuormal

secretions in women with PCOD.

The main ohjectives of this study were :

1. To sludy the relationships between I levels and those of glucose, A, T, FT (FAL, DHEA-S, corlisol,
SHBG, E,, PRL and GH.

2. To compare the sfftcacy of the “SITT” method as a measure of IR, to that of the FI and other
estirmates of IR or 1S - FIRI, GLU/INS ratio.

3. To investigate the role of obesity and hyperandrogenization in influencing I hypersccreiion; the
following groups of paticnis were studied :

a) obese PCOD vs non obese PCOD patients,
b) obese PCOD vs obese normal controls,
c) Thyperandrogenic PCOD vs PCOD patienls with normal androgen levels.

4. To study the impact of anthropoinetric parameters on the endocrine and metabolic variables,
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&.

To investigate the discrepasucy that exists in the Hecratute with regard to the GH status of PCOD
paticnts. Fasting GH and the change in its levels during the STTT were compared between PCOD

patients and normally ovulating voluntesis.

To study the relationslip betweeu the changes in ovarian activily (including ultrasound and E;) and
LH levcls, and the values of IR, GH and IGF-] activity.

Insulin sensitivity in ovulatory and anovulatory cycles were compared.

To comparc leptin conccentrations in women with oligo/amenorrhoea with those of weight-matched
controls, in relation to anthropometric variables and whether leptin may be involved in (he blockade

of follicular maturation and ovulation ofien seen in patients with oligo/amenorrhoea,

T'o compare fasting concentrations of plasma free fatty acids and serum lipuprotein lipids in women
with PCOD with those of weight-matched controls, and in relation to anthropometric, endocrine and

metabolic variables.



CHAPTER TWO - REVIEW OF THE LITERATURE

2.1 CLINICAL MANIFESTATIONS

The existence of bilateral PCOD has been known for a long period of iime. However, a broad intcrest
was stirmiated in 1935 when S-L described an associated syndrome consisting of mensttual irregularity
and presenting mainly as amcnorchoea, a history of sterility, hivsutism and to u lesser degree, presence
of retarded breast development and obesity (Stein & Leventhal, 1935). With time, atypical climical
presentations were noticed in a significant number of cases. Amnalysis of historics of 100 documented
PCQ cases showed common findings, which may enable PCO syndrome to be distingnished from. other
causes of chironic anovulation {Yen, 1980) :

1. Mean age at menarche (12.3 years) was close to the mean of 12.9 years found in the normal

population. Primary amenorrhoea does occur, but rarely.
2. Post menatcheal menstrual irregularity persists in most cases.

3. Onset of clinically cliscernible excessive hair growth (hirsuiism) cither bofore or around the time of

menarche (a reliable history can be obtained from the parents).
4. Qbesity is common prior to the onset of the menarche.

Theretore these abnormalitics suggest an early onset, occurring betore and during puberty, prior fo
compleie cyclic devslopment of the hypothalamic-pituitary-ovarian system. The clinical syndrome has
come to be known as PCOD because of the presence of multiple subcapsular follicular cysts (2 - 8 mm in
diameter) and a thickened ovarian capsule. PCOD classical group (8-L syndiome) is composcd of
oligo/amenorrhoea, hirsutism, obesity, infertility and bilaterally enlarged ovaries, while the non-classical
PCOD includes those patients without one or {wo of the classic clinical sigus but who do have PCO (Wu
& Mikhail, 1979}, The clinical expression of endocrinological condifions such as hirsutism,
hyperinswlinism, acanthosis are not so important {a define the syndrome since they may or may not be
present; with wide individual variations in the number and severily of symptoms (Venturoli e? af 1989),
Tn patients with yitrasonic demonstration of PCOD, it was found that 50% had the classic signs and
symptoms associated with S-L syndrome, 25% had variants of the syndrome and in 25% no abnormal

clinical signs and symptoms were evident {Swanson ¢! o/ 1981). The major prescatations of patients
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with PCOD are menstrnal distuzbance, inlertility and hirsutisi aud they represent the main rersons for

such patienis sccking medical advice (Futterweit, 1984).

2.1.1 MENSTRUAL DISTURBANCE

Most women have normal onset of menarche, although oligomenorthoca may be significant and
persistent from the beginning of menses (Futterweit, 1984). A considerable number of paticnts show
menstrual abnormalities from the #ime of menarchic or shortly thercafter (Goldzieher & Green, 1962,
Torahim ef af 1966; Yen, 1980; Vaitukaitis, 1983; Mechanick & Futterweit, 1984; Mechanick &
Fulterweit, 1986). Neither the duration nor the severity of the symptoms was cotrelated with the criteria
of the syndrome (Goldzicher & Green, 1962). In a study carried out on Thai women (Rojanasakul e/ af
1989), it was interesting io note that the listory of menstrual irregularity, androgenic symptows and
being overweight began about the perimenaicheal period in most patients. This finding may support the
hypoihesis (hat the disorder starts around the period of puberty and persists thereafter. Chronic
anovulalion refers to menstrual arrhythmia that results fromn repeated ovulatory failure and is manifested
climically as amenorthoea or menstival acyclicity (Yen, 1986). A spectrum of amcnorrhoea,
oligomenorrhoea, polymenorihoea, obesity, dysmenorthoea and occasionally even regular cycles is
encountered (Coney, 1984), PCOD is a common canse of oligomenorrhoea in women without classical
signs of PCOD (Eden ¢f af 1988b). An unselecled series of 73 women with amenoirhoea and 73 women
with oligomenorrhoca were analyzed (Fraoks ef af 1988), PCO were found in 26% of women presented
with amenorrhoea and in §7% of those who complained of irregular periods. Similar results were
presented by Adams ef af. (1986b). Goldzieher & Axelrod (1963) reviewed a tolal of 187 references
containing 1097 cases. Amenorrhoea was observed in ouly aboul hall of the patients. It really varied
from 15 - 77% aad regular cycles werc noted in 12% of the paticnts. PCOD was diagnosed in 22% of
women who volunteered for pelvic ultrasonic examination with normal cycles and normal Gn levels,
whereas 75% of women with itregular cycles or amenorrhoca had PCO by US (Adams e af 1986b).
Prolonged acyclic vestrogen stimulation of the endometrium resulted in dysfunctional uterine bleeding
(Gindoff & Jewelewicz, 1987). The incidence of anovulatory cycles in euniencrthoca has been estiinaied
to be 11% while plasma hormones are within normal tanges. This may be a transicnt phenomenon
possibly resulting from mild hypothalamic dysfanction and is reversiblc to ovulatory cycles (Wu &
Mikhail, 1979). Although PCOD in enmenorrhoeic patients is rare it has been reported (Goldzicher &
Axclrod, 1963; Adams ef af 1986b).



2.1.2 INFERTILITY

Infertidity is one of the major reasons why these patients consuit a physictan. The incidence of infertility
varied botween 35 and 94% (Goldzicher & Green, 1962; Goldzieher & Axclrod, 1963) and in one serics
was 76% (Goldzieher & Axeclrod, 1963). Failure of ovulation or oligo-ovulation are the main cawses of
infertility (Gindoff & Jewelewicz, 1987) although ovulation was obscrved in 12-40% of PCOD patients
{Goldzicher & Axelrod, 1963).

2.1.3 HIRSUTISM

Hirsutism is an increased hair growth of the masculine pattern in women as a reflection of androgen
stimulation of hair follicles, The degree of hirsutism in PCOD does not always correlate with the
magnitude of the androgen excess (Yen, 1986). This apparent dissociation between androgen levels and
the dogree of hirsutisin rcflects different degrees of sensitivity of the target tisswes to androgen.
[firsuiism is a manifestation of androgenicity, whether it is due to androgen excess, to an increased
sensilivity to androgen, or to both. It may or may nol be progressive. The time course of development of
the androgenic sigas is of great importance; a recent 1apid onset of androgenization requires wrgent and
special diagnostic mcthods for distinguishing PCOD from other causes of androgen excess. It generally
implies excessive hair that is coarser, longer, darker o1 more intense than in normal females of the same
age and race, Principally, the sexual or hormone-dependent hair follicles are involved, such as that of
the pubic, axillaty, abdominal, chest and facial hair. Hirsntism may develop in women as a result of two
mechanisms: (i) elevated androgen levels with abnmormal androgen production and/or metabolism
(Coney, 1984; Schriock ef af 1985; Gindoff & Jewelewicz, 1987); (ii) increased 5oc-R.

In PCQ paticnts, 30 - 40% are not hirsutc despite the presence of clevated androgen levels. The presence
of hirsutism is determined not only by a modest increase in circulating androgens but also by the
sensitivity of the hair follictes 1o androgens. It would appear that utilization of androgens by the skin and
hair follicles is greater in PCOD patienis who develop hirsatism (Yen, 1986). Decreased hair follicle
sensitivily to andragens probably explains the failure of hirsulism to occur in some patients, Circulating
levels of SHRG play a conplex role that contribuies to the conceniration of FT (McKenna ef af 1984). It
is possible that local cestrogen formation by the hair follicles may play a modulating role in determining
the degree of hirsutisin, Hair follicle is 2 sex steroid target but the mechanisi of hair growth regulation

is poorly understood (Yen, 1980}, Hirsutism has been reported to occur in aroond 30% of PCOD patients
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(Stein & Leventhal, 1935; Torahim ef «f 1966; Chang et af 1983; Adams ef af 1986a;, Wajchenberg ef of
1986). In one review the incidencc was reported to range between 17 - 83%, with an average of 69%
{Goldzicher & Axelrod, 1963). The onsct of hirsutism was noticed in 4 patients before the age of 13
years giving an incidence of 62% (Goldzicher & Green, 1962). Hirsutism is graded according to the
Ferriman and Gallwey scoting svstem (1961) where a score of 8 is considered the limit for normal
feminine Lair prowth as the 95® centile of normal menstrualing women falls in this range. The

diagnosis is possible among 75% of all hirsute patienis afier exclusion of late-onset CAH (Baron, 1991).

2.1.4 OBESITY

Body mass index is calculated as weight in Kg/(height in meires)® (Eden e af 1989c). Obesity is defined
as BMI > 25 Kg/m® (Bates & Whitworth, 1982; Conway er af 1989; Eden ef a/ 1989¢) or BMI > 29
kg/m2 {Kazer ef al 1990; Slowinska-Srzednika et of 1992). Others define obesily as body wetght
exceeding idcal body weight by 20% or more (Batcs & Whitworth, 1982). Women with PCOD teud to
be obesc (although this may reflect a genetic tendency, (Polson ef a/ 1988)). Most of the researchers
agreed that changes in body weight in PCOD Iead to variations in clinical and biochemical preseniations
of (he syndrome. In patients attending infertility clinics, 15% were found to be obese, hirsuie and
oligomenorrhoeic (Eden ef o7 1989c). Although obesily has been reported to be infrequent in PCOD in
some series {Goldzieher & Green, 1962; Ginsburg & Havard, 1976) in others up to 50% of PCOD
patientts had somie degree of obesity (Bates & Whitworth, 1982; Yen, 1986). Marked obesity and signs of
mascilinization tended to be correlated (Goldzichor & Green, 1962). Hirsutism and oligomenorrhoea
were strongly associated with obesity and increase in FAI in PCOD patients (Gindoff & Jewelewicz,
1987, Conway et af 1989; Eden et o/ 1989c). Free androgen index is corrclated with BME  The
pathophysiology of this increase in fat disposition, usually apparent at the {ime of puberty, is unknown.
However, recent rescarch has shown that I is a trophic agent. Fat cells arc oestrogen targets and the
increased adipose lissue in PCOD patients may be causally rclated to the cxposure of fat cells to
chronically elevated and unopposed oxtra-ovarian oestrogen production, probably beginning at the time
of puberty (Yen, 1986). Obesily at puberty or later in reproductive years is one mechanism for onset of
PCOD by increased production of B, (Batcs & Whitworlh, 1982). Sex hormone binding globulin-
binding capacily is also decreased in obesity (Kim ef al 1979, Laatikaincn. ef o/ 1983). Obesity is often
associated with IR (Polson ¢f al 1988; Rebuifé-Scrive et al 1989). Tt was fonnd that cbese PCOD patients
had higher plasma T values than non-obese, but lean body mass, glucose tolerance, plasma TG, blood

pressure were not different in spite of almost a two times increase in body fat mass in obese PCO females.



Thete is a preferential abdominal accumuwiation of adipose tissue (Tbrahim ef a7 1966) with a high WHR
in both PCO groups (Rebuffé-Scrive ef af 1989), While comparing the non-obese PCOD coutrol women,
with equal body fat mass, the PCOD women had higher blood pressure, plasma TG and I, as well as a
tendency 1o increased lean body mass. It might be that hyperandrogenicity plays a part in body
composition in this disease but it has not been proved if metabolic abnormalities are a consequence of
these endocrine disturbances. Body fat disiribution is more closely related to hypertension and metabolic
derangement than iotal fat mass in PCOD. Whether these metabalic abnormalities are due to obesity is

not clear,

Simple weight reduction reduced plasma androgen excoss and restored cyclic ovulation in 85% of women
who lost more that 15% of body weight (Bates & Whitworlh, 1982; Schuiock ef «f 1985). It was repoxted
that 77% of infertile females conceived spontancously alter weight reduction {Baics & Whitworth, 1982)
shggesiing that the increased extraglandular aromatization found in association with obesity was
reverstble and that a reduction of extraglandular E, production facilitated restoration of cyclic ovulation
in woinen with chronic anovulation. Androstenedione and T arc decreased (oflowing weight reduction.
Simple weight reduction is recommended as a first method of treatment {Bates & Whitworth, 1982) and
other modalities of therapy should be uscd as adjuvants if (he paticnt [adls to respond to weight ieduction
alone. Obesity is associated with a lower success rate and spontancous aborlion remains a prominent
complication even after GnRH-A suppression (Filicori e af 1990). 1 has been reported that obese
patients required larger doses of Gun in PCOD for induction of ovulation, The difference between obese
and non-obese PCOD patients was independent of the baseline and/or mid-folficular LI concentration
either before or duwring therapy and it was also independent of maternal nge (Hamillon-Fairley ef af
1992). Treatment of obesity in the hope of restoring normal SHBG levels and decreasing androgen
production is generally frustrating but it should be enconraged before considering ovulation induction
(Schriock ef al 1985, Hamilton-Fairley ef af 1992).

2.1.5 ENDOMETRIAL CARCINOMA

Endometrial hyperplasia can develop in PCOD patients at a relatively young age because of prolonged
mnopposed oestragen stimulation of the endometrium (Yen, 1980; Gindoff & Jewelewicz, 1987). An
excessive tate of oestrogen production compared to that of ovulatory women, (mainly E,, from A;
extragiandniar, with litle from the ovary directly) would lead to various degrees of endometrial

hyperplasia in 2 number of patients and in some this hyperplasia progresses to carcinoma (Aiman et af
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1978; Yen, 1980; Yen, 1986; Gindoff & Jewelewicz, 1987; Schwartz ef al 1987). Reliable estimates of
the incidence of endometrial carcinoma in PCOD are not available. Goldzicher & Green (1962} in their
teview of 466 cases of surgically proven PCO, collected 46 cases of endomctrial carcinoma in association
with PCOD. Lndometrial hyperplasia was diaguosed in 5 patients and endometrial carcinoma in 3
patients out of 17 paticnis studied in one series (Aiman ef af 1978). In the great majority of cases, the
carcinoma is well difforentiated and with high survival rate (Schwartz ef of 1987). To prevent the
endometrial changes, periodic trcatment with progestational agents is indicated; medraxyprogesteronc
acetate is used in a dose of 10 mg for 5 days every 6 weeks (Schriock ef af 1985). Induction of ovulation
is possible if endometrial biopsy indicates improvement, This treatment catries minimal risk o the
patient and if no improvement is abserved during conservative therapy, hysicrectomy can be performed.
There is no evidence that the delay is harmful to the survival of the patient {Schriock ef af 1985). A high
coincidence of ovarian tumours has been reported in these patients and ¢his should be taken into account

during their evaluation (Schwartz et af 1987),

216 GALACTORRHOEA

Galactorrhoca may be a preseiiting symptom (Futterweit & Mechanick, 1988). Its exacl incidence is as
yet not defined. but it has been reported in 13% of patients with PCOD in one series (Futterweit, 1984).
Careful examination of breasis should be performed routinely to identify the presence or absence of

galactorrhoen.

2.1.7 INSULIN RESISTANCE

Hyperinsulinaemia resulting from IR is conunon among women with PCOD (Moller & Flier, 1921) and
it is similar to that of individuals with NIDDM., Patients with PCOD are among the youngest women at
risk for NIDDM. Aboul 20% of obese PCOD patients have impaired glucose tolerance or frank NIDDM
by their third or fourth decades (Dunaif, 1992a). The effect is exaccrbated by the presence of obesity, a
common finding in PCOD patients, Non-obese PCOD patients also have an increased risk o NIDDM,
probably at a later stage of life. Hyperinsulinaemia has been associated with hyperandrogenism. This
association has been suggested to affect lipid profiles and thercfore, places PCOD patients at increased

risk of cardiovascular disease.
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2.1.8 OTHER PRESENTATIONS

Clitoral enlargement and virilism could be identificd in 21% of PCOD patients with ranges between 0 -
28% (Goldzieher & Green, 1962). An adequate degree of oestrogenic activity as determined by breast
and vaginal mucosal development is invariably present. In the majority of cases, bilaterally cnlarged
cysiic ovaries can be detected on examination {Goldzieher & Green, 1962) although unilateral calarged
or even normal sized ovartes arc also encountered (Ibrahim ef af 1966). Normal ovaries were diagnosed

in 30 - 40% (Futterweit & Mcchanick, 1988).

Cystic acne, or diffuse scalp bair toss may be a presenting symptom (Futterweit & Mcchanick, 1988).
Polycystic ovarian discasc may also be associated with acanthosis nigricans (Schriock ef af 1985).
Acanihosis nigricans, described as a brown velvety, sometimes as verrucous, discoloration of the skin
frequently noted around the nape of the neck and axillae was reported in 5-10% of PCOD patients and
with skin tags in 20% of cases (Schriock ef af 1985; Futterwcit & Mechanick, 1988). Acanthosis
nigricans is present in a number of endocrine disturbances inclading PCOD, hyperthecosis and pituitary
tumours. Its significance may be its correlation with IR (Futterwcit, 1984). Virilization (cliteromegaly,
deep voice and temporal baldness) is uncommon in PCOD, so if present other disorders of androgen
abnormalily must be excluded (Insler & Lunenfeld, 1990), Tt was noticed that the incidence of extensive

virilization and endomctrial carcinoina increased with advanced age {Goldzieher & Green, 1962).

Conway ef al. (1989) studied 556 PCOD patients, They divided the patients into high and normal LH
groups. Inferiility was more prevalent in the high LIT group, but not hirsutisre. Amenaorrhoen was less
in the high LH group. Infertility was diagnosed in 21% with higher significant mcan T and LH and FSH
concentrattons. Hirsutisim was diagrosed in 61% of cases with significantly greater mean BMI, higher T
and lower mean ¥SH, Hypeiprolactinacmic patients had significantly lower mean T concentrations and
smaller ovarian volumes than normoprolacinacmic paiients. There was no difference in infertility,
hirsutism, menstraal irregularity, uterine size and endometrial thickness between the kyper and normal
prolactinaemic groups. It can be concluded that the range of incidence of each symptom reported by
different authors is dramatically large. These clinical variations have been claimed to be simply ditferent
stages in the evolution of the disease process. However, this explanation is unsupported by evidence and
no detectable association between the duration of the disease and the completeness of the syndrome
(Goldzieher & Green, 1962) has been demonstrated. The wide range observed in the incidence of each
of the used symptoms probably indicates diffcrences in the diagnostic criferia or in the sources from
which the patients were obtained (Goldzieher & Green, 1962; Venturoli ef «f 1989). It is well

tecognized that the combination of ovulatory failure (and infertility), hirsutism, abesity and bilaterally
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enlarged cystic ovaries is not unique to the PCO syndrome. It is also associated with Cushing's
syndrome, CAH, virilizing ovarian and adrenal tumours, hyperprolactinaemia and hyper/hypothyroidism
(Yen, 1980). Therefore formation of rigid clinical crileria will not fit many patients who subsequently
are shown to have PCOD (Goldzieher & Green, 1962; Gindoit & lewelewicz, 1987). PCOD probably
Tepresents a whole array of different disturbances lcading to a similar structural change in the ovaries
and clinical diugnosis is therefore presumptive in the majority of cases. Despite the high prevalence of
PCOD in the normal population (22%) it cannot be considercd as & vormal ovarian variation but is a
definitc morphological entity (Palson ef af 1988). Frequent follow up and laboratory testing are required
becauss clinical features may vary at differcnt times, with episodes of anovulation aliernating with

ovulatory cycles or aligomenorrhoea (Futterweit & Mechanick, 1988).

The prevalence of PCOD detected by transvaginal ultrasound scan in women with a history of recurrent
spontaneous miscarriage was reported to be high (Sagle ef ol 1988, Tulppala e of 1993). It ranged
between 44-82% while the prevalence of PCOD was 18-20% in the control population.
Hyperandrogenist associaied with PCOD appeared 1o be a significant factor (lnippala e af 1993),
About 1/5" of women with recurrent miscarriage are hyperandrogonic and 83% of them miscarried
again. Other researchers tried to relate the weight of the patient to the poor cutcome. Miscarriage rale
was found more fiequent in the obese group {60%) than the lean group (27%) ticated with Ga and was
independent of mid-follicular LH concentration and the maternal age (Hamilton-Fairley ef «/ 1992).

Bohrer & Kemmntann (1987) found that obesity does contribute to the high miscatriage rate.

2.2 CONCEPTS OF PATHOPHYSIOLOGY

The pathophysiology ol PCOD is siill uncertain and is the subject of hypotheses and speculations. This is

true, in pariicular, of the possible mechanisms in the initiatior and the maintenance of the syndrome.

Tixcessive FSH stimulation was postulated as thic causc of ovarian changes when Ingersolt and
McDermott {1950) were the first to suggest that PCOD might be due to excess L secretion but this was
not documented by hormonal assays at that time. McArthur ef al. (1958) weic the first 1o docuient
increased urinary excretion of LH in PCOD women (Givens, 1982). Some sludics have incriminaled the
ovary as the main site of androgen hypersecretion, but the possible role of (he adrenal pland i the
aetiology of PCOD is still 2 question, Pituilary dysfunction does not appear to be the source of the defect.

The role of the hypothalamus has been also explored and is still open to more detailed investigations.
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Tt is uncerlain whether the clinical abnormalities are due primarily to abnormal steroidogenesis by the
ovary or the adtenal cortex which produces elevated lcvels of circulating androgens with secondary
changes in Gn secretion or whether higher centres like the hypothalamus initiate abronnal Ga release
which in furnt causes polycystic changes in the ovary and abnosmal steroidogenesis (Duighan ef af 1975;
Mahcsh ef al 1978).

The clinical and biochemical derangements assoctated with PCOD result in a classic picture of acyclic
Gn secretion, sndrogen hypersecretion, increased peripheral conversion of androgens 10 ocslrogen,

deficient B, production compared to that expected at mid-cycle, anovulation and infertility.

2.2.1 INAPPROPRIATE GONADOTROPHIN SECRETION (IGS)

Follicle stimulating hormone and LH must act in harmony to cnsurc the proper interaction between
oestrogens and androgens at the ovarian level to modulate normal follicular function. The optimal
conditions for follicular maturation depend on LHFSH ratio (Heineman et of 1984), 1t appearcd that
successiul maturation of small antral follicles during the early follicutar phase was enhanced when there
was a telatively high FSH concentration, thus a tow LH;FSH ratio. It is well established that this normal
sequence of events does not occur in PCOD (Coney, 1984) and as a result of a chronic persistent increase
in the LH:FSH ratio, hyperandrogenism and rclative hyperoestrogenism. result with different ratio of
E,:E; (Venturoli et af 1989). The presence of numerous follicles in different stages of development and
atresia are compatibie with inappropriate Gn secretion and inadequate folliculogenesis in PCOD (Yen ef
al 1970b), Abnormal Gn secretion is a charactoristic feature of PCOD. Inappropriate gonadotrophic
secretion , that is, increased LELFSII ratio, ocours in approximately 70% ol PCOD patients (Hylka &
diZerega, 1990). Repeaied sampling of serum LH and FSH for several cycles in patienis suspeeted io
have the discase may further increase the frequency of IGS which is an important feature of PCOD
(Mechanick & Futterweit, 1986). Thercfore dilferent LH Iovels do not necessarily mean different

subgroups but rather a reflcction of different harmonal statuscs from time to time.

Abmormal Gn secretion could be due to the central norvons system, hypothalamic-pituitary, ovarian and

adrenal derangements. Combinations of causes hrave also been described.

PCOD may be represented by two distinet stapes : a causative contral nervous system gencralor stage and
a resultant etfector stage, manifested by a series of events involving the ovaries and the brain (Futterweit,

1984; Mechanick & Futterweit, 1984, Mechanick & Futterweit, 1986), The events which create an
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initial state of 1GS are referred o as the "generator” stage. Abnormal neural development in the brain
decreascs the pituitary set-point for negative and positive ovadan hormone feedback. This results in
inappropriaicly elevated LH levels compared to those of FSH thus termed IGS, it is maintained by
ovarian hyperandrogenaemia, increuscd peripheral aromatization of androgens, yielding elevated free I,
and unbound F; levels. Oestrone suppresses release of FSH while E, exerts a positive feedback on LH
release by increasing pituilary sensitivily to GnRI1. Therefore, a vicious cycle is created in this effector
stage causing polyfollicular ovarics and increased ovarian androgen production (Mechanick &
Futterweit, 1984: Mechanick & Futlorweit, 1986).

The origin of the primary defect of PCOD is not settled. 'T'here is 8 general agreement on the pubertal
onset of PCOD (Mechanick & Futterweit, 1984; Mechanick & Futterweil, 1986; Lobo, 1988; Venturoli ef
al 1989) that establishes a persistent faulty hypothalamic-piuitary-ovarian axis (Mechanick &
Fulterweit, 1984). Arnovulation is one of the most common features of the developing reproductive
system and it is physiological during adolescence (Schaison, 1988; Venturoli ef o/ 1989). Children in
early puberly bave a surge in LH scorction onoc a day that is approximately synchronous with the
nocturnal sleep period. Younger children and girls of late pubeity or adulthood have no special surge
period; they have episodic LH secretion of an essentially constant magnitude throughout (ke 24-hour
cycle (Zumoff ef af 1983). It has been reported that the normal mid-cycle surge in LH that initiates
ovulation usually begins during sleep and high nocturnal levels do not seem to be necessary for ovulation
{Venturoli ef @/ 1988; Mauvais-Jarvis & Bricairc, 1989). Desynchronization of the "LH clock" from the
sleep period may result in failwre of the mid-cycle LH surge to ocour and anovulation, This is followed
by an endless positive feedback cycle in whiclk excessive androgen production leads to excessive I
formaiion, excessive LH secretion and excessive ovarian androgens (Zumoff et o 1983). Thirty percent
of anovulatory adolescents showed LH mcan values similar to thosc of PCOD patients, and similar
pulsatile patterns with increased pulse amplitudes which were significantly higher than those of normat
adolescents but had a similar pulse frequency (Venturoli ef of 1989). Low pulse frequency in adolescents
could be duc to neuro-endocrine immaturity. Polycystic ovarian discase patients and adolescents both
have simnilar LI circadian secretion (peak in the afternoon) (Venturoli e of 1989). As many of the girls
arc adolescents, they cannot be cailed PCODP bul rather PCOD-like. Some individnals show
improvementi of boih LH pattern and the ovarian aspect in late adolescence while persistence of PCOD
features beyond adolescence, probably indicates an establishment of deranged endocrinological patliways.

However, no obvious discriminative marker(s) is yet known.

Kandeel et af. (1980) observed that the mean height of their PCOD patients was less than that of

controls, which led them to postulate the presence of an early adienal androgen release resulling in a
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premature epiphyseal closure. Onset of meparche is delayed in many PCOD patients and in the majority,

menstruation has never been regular (Ibralim ef a/ 1966; Falselti ez af 1989),

222 HYPOTHALAMIC /PITUITARY DYSFUNCTION

Abnarmal LH circadian control could upsct the follicular maturation and steroidogencsis. This would
provide evidence for a primary ceniral nervous system defect ia PCOD. This might also support the
hypothesis of the presence of a low dopaminergic inhibitory tone responsible for enhanced pulsatiic LH
secretion in PCOD (Vontwicli et a!f 1988), [-endorphins have been proposed as the most important
opioids involved in pathophysiology of disturbed G sccretion in PCOD (Lobo & Goebelsmann, 1982,
Laatikainen et o/ 1987; Petraglia ef af 1990), The central opioid activity does nol seem to be increased in
PCOD patients despite the fact that circulating endorphins lovels are increased (Laatikainen et af 1987).
Dopamine, seratonin aud noradrenaling are neurotransmitlors contributing to LI regulation (Segos ef af
1989, Hylka & diZerega, 1920). It as been suggested that dopamine may play a physiological rolc in
the genesis of IH pulses, theretore an alteration of hypothalamic-dopamincrgic regulation of LH
secretion has been implicated in abmormal LH secretion in PCOD (Lighttnan e af 1981; Lobo &
Gocbelsmann, 1982; Murdoch e af 1984; Lobo, 1988; McKenna, 1988; Paradisi ¢f af 1988; Berga &
Yen, 1989; Terriani ef of 1989; Segos ef al 198Y; Hylka & diZerega, 1990; Petraglia ef af 1990; Yoshino
et al 1990; Lanzone ¢ o 1993). Howcver, dopamine receptor blockade was found not to block LI
pulses; therefore it docs not alter LH response to GnR, possibly having its effect at the hypothalamic
level rather than due to changes in pitvitary sensitivily to GnRH. Tt has been reporicd that dopamine was
a major factor causing a decrease in secretion of immunoactive LH but it did not correlate with the ratio
of BLH : ILII (Lobo ef a/ 1984). The astiology of chronically acyclic Gn secretion in PCOD is thought to
remain in the domain of inappropriate feedback by ovarian and androgen faclors rather than being a
primary hypothalamic defect (Berga & Yen, 1989, Lobo, 1988). The role of opioids in modulating
reproductive function is diffuse from brain to gonads but it is thought that each works independently
(Petraplia ef af 1990). Hypothalamic opioids act on release of GnRH/LH axis while gonadal opioids
modulaie the release of steroid honmones. Cvulation is the key event which is characterized by the most
relevant chtanges in Liypothalamic, plasma aand follicular fluid opioids, At present, it may be suggesied
that opioids play a major role in regulation of reproductive events, The efficacy of naltzexone (long-
acting opioid antagonist) in normalizing LH lcvels after a GnRH bolus may represent a uselid tool for
PCOD management (Lanzone ef af 1993).
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It has been suggested that the mechanism of dapamincrgic conlrol of PRL is disturbed (Alger ef of 1980,
Milewicz, 1984; Terrari ef «af 1988, Minaokami ef af 1988b) with byperprolactinaemia.
Hyperprolactinagmia has been reported in PCOD patients with variable prevalence (20-50%). Ferrari ef
al. (1988) in 1heir series found bigh plasma PRL levels in about 12% of their PCOD patients with great
day-to-day variability, that is, persistent physiological circadian rhytlunicity. The role of increased PRL
in associalion with PCOD is thought to be thirough either an abnormal hormone status acling on
hypothalamic regudation, directly on Gn secrefing cells or indirectly by decreasing dopaminergic tone
(McKenna, 1988). Allernatively hyperprolactinacmia may induce disorders of ovarian steroidogenesis
leading to morphological ovatrian changes, Tt was suggested that a significant partion of PCOD patients
have abnormal PRL secretion and that the osstrogen pool is augmented by increased synthesis from
androgen conversion and enhanced sensitivity of lactotroph cells can be assuined despite not all PCOD
patients having hyperprolactinacmia {Milewicz, 1984). 'The data of peisistent circadian rhythm of PRE
secretion, the normal response to '1'RH and dopamine antagonist (domperidone) and the lack of effect of
dopaminergic drugs such as bromocriptine and L-dopa, on plasma LII in PCOD, do not support the
hypothesis of a central dopamine impairment in PCOD at least as far as regulation of PRL secretion
(Ferrari ef of 1988; Minakami ef ! 1988b; Ferriani ef af 1989; Segos ef ol 1989). However, involvement
of central dopaminergic changes in the pathogenesis of IGS in PCOD camnot be exciuded. It is thought
that as the prevalence of hyperprolactinaemia in PCOD may be low rather than high; the association of
hyperprolactinaemia with PCOD may be coincidental rather than a pathogenically retated phenomenon
(Minakaini ef @/ 1988b).

The rote of PRL in the pathophysiclogy of PCOD is therelore unknown bul its receptors are present in
botl ovarian and adrenal glands (Vailukaitis, 1983). The data argucd that dopamine is not the sole
regulator of relcase and seeretion of BH. Despite the high secretion of LH, an adequate pituitary store
may be piresent in PCOD and LH is being synthesized. This is indicated by an augmented LH response
following clomiphene or LHRH (Yen ef al 1970¢; Duignan et al 1975). Hence, the hyperdynamic state
of Gn secretion in PCOD could be due to an incieased sensitivity of the pituitary gland to GnRH (Bates
& Whitworth, 1982; Givens, 1982; Lobo ef ol 1984; Levin ef af 1991; Dunaif, 1992b). The discrepancy
between L and FSH levels in PCOD suggests an increased responsiveness of the positive feedback
mechanism in the high LI group (Givens et o/ 1976). This is supported by increased responsiveness of
LI secrelion to LHRIL. There is considerable variation in response (0 LHRI in PCOD patients (Givens,
1982). Ii is postulated that there is an increase in endogenous GnRH (Givens, 1982; Waldstreicher ef al
1988). Incrcascd LH pulse amplitudc may result from a combination of hypothalamic and pituitary

offects whereas pulse frequency clearly reflects hypothalamic events - that is an accurate reflection of
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CGnRII secretion (Waldstreicher ef af 1988). Whether PCOD is due to a central (neurotransmilter) or to a
hypothalamic-pituitary (neurohornionc) abnormality remains unsokved. It is vather difficult to resolve
because of the lack of non-invasive measurcs for asscssing the neurotransmitters and multiple inputs

regulating the ncurohormoncs (central nervous system, positive and negative feedback).

223 THE ROLE OF ABNORMAL STEROIDOGENESIS IN THE
PATHOPHYSIOLOGY

It s assumed that optimal folliculogenesis is dependent upon relative changes in FSH and LH scerction
during the first hatf of the cycle and that the cyclic paticru is lost in PCOD (Yen ef «f 1970b; Chang f of
1982; Givens, 1982). In the absence of normal variations in the levels of Gn, increased LH:FSH ratio,
there will be arrested follicular development, theca ccll hyperplasia, muliple cysts of various sizes,

impaiccd E; production and hyperandrogenaemia,

Il was once believed that ovulatory failure in PCO patients was duc to the mechanical barricr of the
thickened ovarian capsule. However, this could not be conlirmed by restoration of cyclic ovulatory
menses following unilateral cophereclomy or successful induction of ovulation with clomiphene (Mahesh
el af 1978; Schwariz ¢f ol 1987, McKcenna, 1988). There is accummulating evidence that excess androgen
plays a rolc in the pathogenesis of PCOD (Yen, 1980; I.obo & Goebelsmann, 1982; Francis ef al 1990,
Nakamura, 1990; Pache ef af 1992a). Hypcrandrogenaemia seers to originate from the abnormally high
number of cystic atrctic follicles scen in PCOD and not fiom an augmented androgen production per
follicle (Pache et o/ 1992a). Hyperandrogenaemia is mainly regulated by S«-R. activity and SHBG
which is an important modulating factor of androgen action (Lobo & Goebelsmanu, 1982). Androgens
by somne mechanism in some cases can distort Gn secretion (Devesa ef al 1987, Dunaif, 1992b) to
produce the typical Gn secretion abnormality of PCOD. There are three mechanisms for their action: (i)
androgen can be converted by aromatization both in peripheral tissues (adiposc tissue and muscles) and
in the hypothalamus into oestrogen, (1) oesirogens thal can be made are E, and E.. Oestrone is
primarily derived from A and T can be converted into E,, (iti) E, continues to be scercled by the ovary in
PCOD (Dunaif, 1992b), There is no evidence for an androgen effect on the pituilury gland as there were
no changes in sensitivity to GnRH while oestrogens appear o act at the pituitary (Dunaif, 1992b) by
selectively increasing reserves of L causing an enbancement of LIT xclease in response to GnRH.
Reducton of circulating siercid levels appears to be a more important factor in the resumption of

ovulation (han is disturbancc in hypothalamic regulation (Gambrell ef af 1973). Studies to determine
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avarian and adrenal contributions to androgen excess yielded conflicting results becaunse of limitations of
the methods for asscssing glandulur sources of androgen production by selective venous catheterization
and DXM suppression tests (Dunaif, 1992b). Hyperandrogenism: may be adrenal, ovarian or combined in
origin. It was demonstrated that purely ovarian or adrenal androgen overproduction is not very {requent
(=2 39%) (Fulghesu ef af 1991). Several dynamic tests for suppression or stismulation (DXM suppression
test, ACTH stimulation test) to difterentiate between ovarian and adrenal contributions have been
attempted with controversial resulls. Dynamic tesis can also detect the presence of genetic enzyme
defects which afftot adrenal steroid production in 9% of liyperandrogenaemic women (Pulghesu ez o/
1991). 1 is now appteciated that there are three compartments for androgens : ovarian, adreral and
peripheral conversion (Lobo, 1988). Combined suppression of ovarian (with long acting GnRH) and
adrenal (DXM) provided evidence that the adrenal contributes to androgen excretion (Devesa ef af 1987,
Lanzone ei «f 1990b; Dunaif, 1992b). The ovary is thought to be the main sowrce of androgen aund
peripheral T and A excess (Aiman ef af 1978; Kim ef af 1979; Chang ¢t af 1983; Fleming ef af 1985;
Puzigaca ¢f af 1991). The majority of the serum T originated from the ovary and the correlation between
T and DHEA-S suggested the possibility that DHEA-S may serve as an important precursor for ovarian
steroidogenesis. 1t is suggested that the primary defect in some forms of PCOD is in the ovary rather
(han it [he hypothalamus or pituitary (Berger ¢f af 1975; Ginsburg & Havard, 1976, Vaitukaitis, 1983;
Adams ef @l 1986a; Berga & Yen, 1989; Francis ef o/ 1990; Rittmaster & Thompson, 1990). 1t is
thought that the decline in sex steroids of ovarian origin would eliminate a persistent positive feedback
which allows LH back to normal levels while not affecting FSH, therefore normalizing the ratio and
causing ovulation (Katz ef a/ 1978). Exogenous ocsfrogen adminisiration resulted in a stow decline in
botl Gn in normal patients while in PCOD paticats LH decreased bui FSH did not {Yen et af 1970b) and
with an enhanced LH responsiveness to GnRH (Chang et of 1982). This suggcests an intact oestrogen
tiegative feedback mechanism (Yen ef of 1970b). The cffect could be due to El or mildly increascd E,

levels. The disparity between Gn levels may refiect the preferentially inhibitory feedback action of
oestrogen on FSH compared to LH (Chang ef o/ 1982). Tt was reported that the positive and negative
feedback mechanisms for LH secretion are qualitatively intact but may differ quantitativcely among
individuals (Givens, 1982). Synthesis und secretion of FSH are suppressed by cxcess circulating
ocstrogens (Vaitukaitis, 1983).

Despite all of this data, tissue culture studies showed the ability of isolated gramosa and theca cells frome
mid-aniral follicles to secrete C21 and C19 sieroids in the absence of Gn stinntlation and their istact

steroidogenic capacity (Wilson ef af 1979} seemns to exclude a priniary ovarian steroidogenic dysfunction.
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No causative abnormality of adrenal function or ACTH secrelion has been esiablished (Kandect ef af
1980). The mecchanism of increased androgen production by the adrenal coricx is usknown. In one
scries this was found to occur in 60% of cases (9/15 patientsy (Kandeel et af 1980), Tt could be due to
high LH stimulating adrenal androgenesis (Yen ef af 1970b). The contribution from the adrenal gland
canuot be excluded (as the source of peripheral excess) (Bexger ¢f o/ 1975; Aimam et af 1978; Rittmaster
& Thompson, 1990). There is actually mild hypersecretion of adrenal androgens associated with PCOD
without apparent specific dysfunction (McKenna, 1988). Elevated adrenal androgen levels have
remained unexplained (Lobo ¢f af 1983). In PCOD, the adrenal related androgen production is positively
related to baseline vahics, 'The higher the baseline, the more important is the amount of secretion of
these androgens. In PCOD 1/3" of the patients have adrenal-derived excess androgens based upon high
DHEA-S levels (Fulghesu et of 1991). The adrenual gland may trigger PCOD in some females,
Alternatively, it is also possible that ovarian T and A could stast it. A certain degree of a chronic state is
dictated by the LH stizmmulating effect, loading to an increase in wnbound T and A, an increase in Es,
exaggerated LH sccrction with IGS and chronic anovilation and subsequently increased androgen (Lobo
& Gocbelsmann, 1982).

There is some abnormality in the regulation of adrenal sicroidogencsis in many PCOD patients (Devesa
et al 1987; McKenna, 1988; Fulghesu ef o/ 1991; Dunaif, 1992b) characterized by clevated Ievels of 17w-
OHP and DHEA-S and exaggerated 17a-OHP, A and cortisol responses to exogenous ACTH (Devesa et
af 1987).

Qvarian hyperandrogenisin may induce adrenal enzymatic defects (Vermesh ef of 1988). It was proposed
that ovarian 17KSR deficicncy, transmitied as AR tuait or X-linked R, may result in hirsutism during
puberty, along with menstrual dysfunction and PCOD (Pang et o 1987, Toscano et af 1990). There is no
clear cut evidence for a deficiency in 3B-OHSD activity in PCOD paticnis (Hague et o/ 1989}
Congenital adrenal hyperplasia and PCOD have been interrelated. Tt was found in one scries that only
6.4% of PCOD patients had evidence of 210H deficiency (Hague et af 1989), so it is unlikely that PCOD
is due to an adrenal defect.

Follicular maturation is FSH dependeat, therefore it scems more logical to consider that the ceniral
defect is a failure of FSH action which may be cxacerbated by high levels of androgens within the
follicles. I no ovulation occurs, there is no subsequent P rise and so the normal negative teedback

conirol of Gn secretion is disturbed. The expected inter-cycle rise of FSH fails to occur (Franks ef of
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1988). Although P is esscutial for a normal Gn surge, it operates by synergizing the obligatory action of
E2 {Liu & Yen, 1983).

Polypeptide growth factars are paracrine maodulators of FSH action and the most imporstant of {hesc are:
(i) stimulatory : IGF-I and II,TGF-B ; (i) inlibitory; TGF-¢, EGF and inhibin. Other paracrine
modulators of FSH are oestrogens and androgens. ‘These paracrine growlh faclors arc of potential

importance in controlling the action of FSH (Franks ef af 1988).

Inhibin is produced exchusively by grantlosa cells and has been proposed as a non-sicroidat marker of
granulesa cell fonction and follicle viability, The relative FSH decrease to GnRH may primarily rcflect
pituitary desensitization {Waldstreicher et o/ 1988) and bicactive inhibin was reported to be elevated in
PCOD and could play a role in granulosa cell dysfunction (Tanabe ef af 1990; Pache ef af 1992a).
Inhibin activity in the ovary depends on follicular viability and not on follicular size. Since PCOD
follicles contain fewer granulosa cells per follicle in comparison with normal follicles, yet contain
comparable levels of inhibin, it is possible that the inbibin secretion per granulosa cell is greater in
PCOD thau in the normal ovary (Tanabe et of 1990). Nevertheless, there was no evidence for a defect in
ovarian inlibin production (Waldstreicher ef f 1988; Pache et af 1992a).

In summary, the hyperplasiic ovarian theca is thought to be secondary to LH stimulation, immature
ovarian follicles are secondary te relative suppression of SH release and subcapsular follicles are
secondary to chronic anovulation due to disordered Gn sceretion, while increase in follicntar atvesia and
cortical thickening are due to high androgen levels (Dunaif, 1992b). Possible causes of PCOD inchude a
vicious cycle of increased scrumt T levels, leading to increased seram LII levels, leading to further
increases in serum T levels. This remains a functional disorder while morphological changes in the
ovaries are not found, but a second vicious cycle becomes involved (high serum ‘[ levels leading to
LH/IFSH separation, leading to farther increases in serum T levels), then morphological changes in the
ovaries, L.e. PCO will comc about (Takahashi ¢t af 1991). In females with high T, the presence of a
morphological abnormality or the ovarics has an cffect on Gn production and so die incidence of
menstrual irregularity and hirsytism. If PCOD is morphologically identified and clinical synipioms
appear, the interactions of the hypothalamiic-piluitary-ovarian system are disturbed. Even if ro
morphological indications of PCOD arc present but abnoxmalities of serwin androgen and Gn are evident,
i possibility of PCOD developing shoutd be considered, If PCOD is found, but androgens and Gn are
normal; then the possibility of fiture hormonal abnormalities should be suspected (Takahashi ef @/

1991). Regulur hormonal assays are thereforc required for diagnosis.
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2.2.4 THE ROLE OF OBESITY IN THE PATHOPHYSIOLOGY

There is little doubt that abesity and anovalation are interrelated phenomena (Friedman & Kim, 1985).
Over half of the paticnts with PCOD have some degree of obesity (Ahtgren et af 1976; Yen, 1986; Lobo,
1988; Dale et af 1992b). L'he role of increase adiposity in PCOD was suggested by findings of increased
body weiglit and BMI in PCOD patients when compared with idiopathic hirsntism and control patients
(Byrne ef of 1991}, The pathophysiology of this increase in fat disposition, vsually apparent al the time
of puberty, is unknown. However, it is postulated that oesirogen regulates adipeoyte replication and
differentiation. Fat cells are oestrogen targets and the increased adipose tissue in PCOD paticnts may be
casually related to the exposure of fat cells to chrorically elevated and unopposed extra-ovarian ocsirogen
production, probably beginning at the time of puberly, Obesity may play a role in the pathogenesis of
PCOD (Fisher et a/ 1974, Baies & Whitworth, 1982; Pasquali et of 1983, Falsetti et o/ 1989), Obesily at
puberiy or later in reproductive life could be an initiating factor by increasing E, production and
conuscquently altering pituitary Gn secretion. Obesity has been found to cause changes in steroid
hormone metabolism (Lobo et af 1981; Lastikaincn e¢f «f 1983) through a decrease in SHBG
concenirations with resultant increase in unbound, biologically aclive, sieroids (E, T), therefore
contributing to the increase in Gr secretion. Gbesity was associated with high free androgen indices, fow
LILFSIL, low concentration of LH, A and SHBG (Paradisi ef af 1986; Anttila et o 1991; Invitt et af
1991; Anttila et af 1992). The mechanism by which body weight could induce lower LH sectetion in
PCOD patients is not clear. It could be due to sex steroid imbalance. B-endorphins are thought {o be
more clevated in obese PCOD patients and by an inhibitory mechanisin may suppress (he LHRH-LH
system 1o a greater extent than in non-obese PCOD patients (Paradisi et ¢/ 1986). The upparent success
of weight reduction in suppressing the hyperandrogenaemia (Fricdmun & Kim, 1985; Eden ef «f 1989¢),

causing a decrease in E,, normalizing Gn secretion and restoring ovulation suggest a common link

(McKenna, 1988). Inappropriate Gn secretion and ovarian changes are consequences of obesily whicl
could be due to the presence of hyperoestronaemia and hyperinsulinaemia (Friedman & Kim, 1985;
Pagquali ez af 1986, McKonna, 1988; Invilli ef @/ 1991; Lanzone ef of 1991; Carmina ef of 1992). The
increased aromatase activity and hyperinsulinacmia obsorved in obesc subjects probably plays a major
role in causing the hyporandrogenacmia, cither by stimufating LH scerction or by directly slimulating the
ovary, as in the case of I (Fricdman & Kim, 1985). In addition to ovarian hyperandrogenacmia, pituitary
hypothalamic dysfunction has been observed in rcsponsc to obesity.  Inadequate ocntral seroiomnin
stimulation, excessive dopamine stimulation, and insensitivity to cndorphing may all be involved in the
pituitary hypothalamic dysfunction, as well as resistance o weight reduction (Lobo & Goebelsmann,
1982; Friedman & Kim, 1985).
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There are several mechanisims by which obesity could be invalved in the pathogenesis of PCOD: (i)
increased body weight is associated with increased extraglandular aromatization of androgens into

oestrogens, primarily E, and decreased plasma SHBG levcels, (ii) obesily is associated with increased

circulating levels of I which may be involved in the pathogenesis of PCOD by directly slimulating
ovarian androgen production and/or altcring Gn release, (iii) it is possible that obesity in PCOD is either
centrally medisted (via changes in hypothalamus, control of food intake or endogenous opiate secretion)
or is secondary to an audrogen medialed increase in body weight and thus may be assoctated with a
unique form of PCOD (Dunaif et o/ 1988},

2.2.5 INSULIN RESISTANCE

Hyperinsulinaemia may be the trigger mechanism of the pathogencsis of PCOD (Urdl ef al 1991).
nsulin resistance is defined as normal glucose levels in the presence of hyperinsulinaciia (Burghen ef a/
1980). Insulin resistance has been linked to hyperandrogenaemia (Shoupe & Lobo, 1984). Fasting
hyperinsulinaemia may be used as a guide to the cxistence of IR (Shoupe ef af 1983) and the SITT is
another method for assessing IR (Akinmokun et a/ 1992) (Chapicr 5-Insulin Sensitivity). In women
with PCOD, independent of the degree of obesity, IR was demonstrated in terms of increased Lasal i
levels and I responses to oral GTT (Burghen ef o/ 1980; Batcs & Whitworth, 1982; Pasquali ef of 1982;
Chang et af 1983; Dunaif et of 1987; Givens et a/ 1987; Schwartz et af 1987; Coiro et o/ 1989; Dunaif ef
al 198Y; Dunaif e al 1990; Fakcone ef af 1990). Chung and his cotleagues (1983) demonsivated raised
serum 1 concentrations in lean womien with PCOD compared with lean conirals, and observed an
association between serum I and androgen concentrations. An apparent association between
hyperandrogenaemia and hyperinsulinaemia in the human female has been widely appreciated since
1921 (Adashi, 1990).

The primary role of I is to facilitate the supply of glucose 10 cells, If insufficient glucose is made
availablc, because of resistance to the action of I, the pancreas produces more T. 1n cases of adsquate
pancrcatic reserve, normal circulating glucose levels arc maintained at higher serum I concentrations. If
the pancreatic reserve is not adequate, impaired glucose tolerance and diabetes mellitus ensue (Shaw,
1991).

There are several processes which are known to result in resistance to the actior of I and therefore

hyperinsulinaemia : raised concentrations of "anti-I" hormones (acromegaly, Cushing's syadrome,
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phaechromocytoma), structural defects of the | reecptor (lype A syndrome of TR) and the presence of
antibodies against the I receptor (fype B syndrome of IR). Mose conunon than any of these phenomena is
obesity. The mechunism by which obcsity causes IR is a complex seties of events wherchby reduced
receptor numbers and post-receptor dofects cause resistance to the action of 1. The resulting
hyperinsulinzemia in tyrn maintains the reduction in the number of receptors "down-regulation” (Shaw,
1991). Inierestingly, PCOs are associaied with several of the abave counditions and obcsity is a contmnon.

finding.

The primary disturbance is apparcnily R, which produces a compensatory hyperinsnlinaemia to

maintain cuglycucnia. IR, therefore, may be duc 1o any of the Tollowing :
1. Decreased munther or abnormil function of 1 recepiors.
2. L rceeptor antibodics,

3. Post-receptor defects in F expression. (Aldgren ef af 1976; Burghen e af 1980; Pasquali ef af 1982,
Shonpe et af 1983; Givens ¢f of 1987, Jialal er af 1987; Falconc ef of 1992},

Levels of I depend on the secretion raie of the f-cells of the pancreas, on the hepatic removal of 1 and on
the type of stimulation (Pasquali ef ¢f 1982). There is some sort of B-cell parallel 1o the IR of peripheral
tissue. IR is mainly generated peripheratly; the changed sensitivity of peripheral tissue o 1 activity may
constitute a primary event in the genesis of IR, This behavior has becn demonstrated in obese, PCOD
patients with acapthosis nigricaus. Thereforc, a heterogeneous gioup of pathogenesis exists in which the

commmon feature is reduced peripberat IS (Randazzo ef f 1989),

Mechanisms underlying the association of hyperandrogenisi and hyperiusulinism are complex and of
considerable interest (Chang et af 1983; Dunaif ef o/ 1987; Laatikainen ef a/ 1989). Obese patients were
reported to have a significant cortelation between 1 and FT levels while non-obese had significant
correlations between T and FSH, DHEA-S and SHBG levcls (Dunail ef of 1987).
Dchydroepiandrosterone sulphate suppression by 1 is impaired in IR PCOD patientis (Falcone et al 1990;
Farah ef @/ 1990). This may contribute Lo androgen excess. Hypetinsulinism is a heterogeneous featurc
of PCOD patients where 80% of obese PCOD patients showed hyperinsulinaemic pattern while only 30%

of obese controls and of non-obese PCOD patients showed this hyperinsulinaemia (Lanzone ef af 1989).

Many studics have shown a positive corrclation between I and androgen levels (Burghen ef alf 1980,
Pasquali ef af 1982; Chang er af 1983; Pasquali ¢/ of 1983; Poretsky et al 1984, Shoupe & Lobo, 1984;
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Hialal et af 1987, Dunaif & Graf, 1989; Lanzone ef af 1989; Adashi, 1990; Taketani & Mizuno, 1990,
Elkind-Hisch et a7 1991; Nestler ef af 1921; Buyalos ef @/ 1992} with significant correlalion i obese and
non-obese paticnts while other researchers found that hyperinsulinaemia did not play a major role in
ovarian hyperandrogenism i PCOD (Geftuer ef af 1986, Dunail e¢f af 1987, Lanzoue ef af 1989;
Lanzone «f al 1990c; AbdelGadir er af 1991; Anttila e/ al 1991; Dale ef af 1992a; Dalc ef al 1992b;
Toscano et al 1992} since hyperinsulinacmia persisted cven after ovarian inhibition with a long acting
GnRH-A, Hirsnte patients were found not to have higher serum 1 levels than non hirsute patients
(AbdelGadir ef al 1991}, Themetically hyperandrogenaemia, per se, may promote hyperinsulinaemia bul
despite the relatively high circidating androgen in men, ondy a minority of them display IR, Exogenous
T has no effect on fasting glucose in normal men. Lowering of circulating androgen levels in
hyperandrogenic hyperinsulinaemic patients by medical or surgical means does not appear to exert a
measurable effect on the IR state as assessed by GTT, and [ requirement (Shoupe & Lobo, 1984; Adashi,
1990). The argument that I may stimulate ovarian androgen biosynthesis has rececived increasing support
from both in-vitro and in-vive studies with ovarian theca-interstitial cells the possible site of I receptors
and action. The thcca-interna cells' swtace exhibits specific I receptors (Adashi, 1990, Nagantani &
Stuart, 1990; Anttila et «f 1991). Supraphysiologic as well as plysiologic concentration of [, acting
alone or with piuitaty Gn, cnhance ovarian androgen production by theca-interstitial cells (Dunaif &
Graf, 1989; Adashi, 1990; Lanzouc ¢f af 1990c).

Peripheral resistance to 1 occurs in PCOD and the resullant hyperscerction of I may modulate
ovariaw/adrenal function and preduce abnormal steroid sceretion (Pasquali ez o 1983; Poretsky ef af
1984; Gefiner o7 af 1986; Dunaif & Graf, 1989, Lanzone et al 1990¢; Nestler ef af 1991; Sharp et of
1991). Patients with PCOD and elevated androgens had higher IR than those with chronic anovilation
and normal androgens of similar body weight (Shoupe & Lobo, 1984). The I response to oral glucose
correlated positively with serum A and T concentrations, indspendent of the effect of LH (Shaw, 1991).
It is hypothesized that many lean women with PCOD have fasting hyperinsulinaemia and thal !
stinmlates the ovarian production of androgens which contributes to menstrual disturbances. Therefore
high I could be involved in the pathogencsis rather than being a result of the primary disorder (Geffuer et
af 1986; Taketant & Mizuno, 1990).

Acute elevation of LH does not appear to cause IR in PCOD (Shoupe & Lobo, 1984; Geffner ef af 1986).
The fact that BLH but not [I.F was found related to I raised the possibility that T or altered glucose
metabolism in IR subjects may change the bioactivity of BLH. This is sﬁpponed by the fact that BLH is
lower in obese patients and correlated negatively to BMI (Anttila et af 1991). Since endogenous opialcs

are involved in modulating pancreatic islet function and increases in I secretion, hyvperinsulinactia may
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be opiate dependent {Givens ef of 1987; Laattkainen ef of 1989; Laatikainen et a/ 1990, Lanzone ef ol
1991) but it was found that opioid blockade (by naloxone) did not affect IR response to glucose or IGF-I
whereas IGF-binding protein (IGFBP-1} decreased (Laatikainen ef af 1990). Therefore the role of
opiates in the pathogenesis of PCOD is unclear (Givens ef al 1987) and whether this may result in a
reduction of hyperandrogenaemia is not known. Glucagon is not fmplicated in peripheral IR in PCOD
(Golland et a/ 1990).

Tnsulin is positively correlated with BMI (Pasquali ef af 1983; Shoupe & Lobo, 1984; Anttila et of 1991;
Carmina et af 1992). Hyperandrogenaemia, obesity and acanthosis nigricans can be independentiy
associated with TR (Jialal ef a/ 1987; Lanzone ef of 1989; Taketani & Mizuno, 1990). Acanthasis
nigricans is a common finding in obese hyperandrogenic females (29%) and was found to be associated
with significantly higher I levels when it occurred in obese PCOD women. The PCOD wowmen with
acanihosis nigricans had sex hormones and Gn levels simijlar to those in women without acanthosis
nigricans, which suggests that they formed a subgroup of PCOD zather than a distinct endocrine disorder
(Dunaif e a! 1987). In acanthosis nigricans anti-receptor auntibodies and T antibodies have been
demonstrated (Pasquali ef @/ 1982; Shoupe ef of 1983} with normal receptors. It was found that only
wonien with PCOD have hyperinsulinaemia independent of obesity (Dunaif ef af 1987). The negative
impact of PCOD and obesity on I action is additive (Dunaif et a/ 1989; Anttila ef al 1991).

Tnsulin growth factors are peptides with sttuctural similaritics o pro-I and I, and have been shown to be
intra-ovarian modulators of steroid synthesis (Urdl et «f 1991; Shaw, 1991). The IGFs have growth-
promoting and I-like melabolic effects, The liver seems to contribute 1o most of the circulating IGFs in
adults. Granulosa cells contain and secrete IGFs. The IGF-] potentiates the stimulating effect of FSH on
ovarian aromatase activity, B, and P secretion and expression of the LH receptor. Tnsulin-like prowth
factor-I also stimnulates accumulation of androgens in the ovary (Shaw, 1991). The serum 1GF-I level is
regulated by GH. Growth hormone deficiency is assoctated with low scrum IGF-I levels. The FGF-I
Ievels decline during fasting. The IGFs are bound to specific binding proteins in senun, There have now
been at least six IGFBPs identified. The circulating level of IGFBP-1 is regulated by I, whereas that of
IGFBP-3 is regulated by GH. The IGFBP-1 has been found to inhibit FSH-induced pranulosa cell
proliferation and its serum concentration is inversely correlated to the T concentration, CObese women
with PCOD and hyperinsulinaemia have subnormat seriin IGFBP-1 levels. The levels of IGFBP-1 have

a positive correlation with those of SHBG, which also are low in PCOD (Shaw, 1991).

The mechanism by which I stimulates androgen production by the ovary may be complex. Fasting I

concentiations correlated positively with serum: 1GF-1 and negatively with [GFBP-1 concentrations in
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lean women with PCOD. The IGFBP-1 is thouglit to play 2 role in regulating the bicavailability of IGF-1
and is known {0 be regulated by I (Shaw, 1991). Micromolar concentrations of T have been found to
iphibit IGE-I binding to its receptors in wulliple colls and tissucs. Iasulin, by causing a reduction in the
circulating IGFBP-1 lcvels may increase the potential for IGF-T to stimulate the ovary for androgen
production. The demonstration of theca-interna cells IGF receptors and their apparent coupling to the
stimulation of androgen production may account for the pharmacological action of I (Adashi, 1999,
Nagamani & Stvart, 1990; Antila et o/ 1991; Buyalos ef o/ 1992). Frequently, the onset of hirsutism is
accompanied by weight gain in women with PCOD (Shaw, 1991). Obesc paticnts have been found to
have low IGFBP-] levels (Anttila et af 1991). 1t is speculated that clevated BLH in lean PCOD patients
stimulatcs (heca androgen production whereas in obese patients high I concentration may act through
IGE-I receptors and potentiate Gn-induced androgen production. The effect of obesity is (o exacerhate
{lhe endocring abnormalities of PCOD. Weight gain is associated with a rise in serum I and a consequent
fall in SHBG concentrations (Shaw, 1991). It is possible that the IR of obesily is not only quantitatively
greater than that related to PCOD but also qualitatively distinct, resulting in the need for higher serum I
concentrations before significant stimulation of androgon synthesis occurs. It is thereforc possible that
obesity is both a result of, and a contributing factor to, the ¢ndocrine imbalance in PCOD (Shaw, 1991).

It would appear that acute elevation of circulating I levels during the euglycaemic clamp technigque may
fnot be sufficient to promote ovarian androgen production {Adashi, 1990), Women with PCOD and
hyperthecosis have hyperinsulinaemia and TR. Tt is possible that T in supraphysiclogical concentrations
exerts is steroidogenic action on ovarian stromal cells through TGF-1 receptors, Insulin and IGF-I levels
were found positively correlated. Elevated (Damajanovic ef af 1990, Urdl e o/ 1991) or normal (Kazer
et al 1990; Slowinska-Srzednika er al 1992) serum IGF-I and decreased HGH wore found in PCOD,
Ainong hormones kunown to cause or predispose to IR are GH, cortisol and PRI (Chang et af 1983).
Concentrations of growth factors were examined in 28 patients with clinical and endocrinological signs
of PCOD. The HGH:IGF-I ratio icflects the Tanctional dynamics of these substances. The IGF-I
conceniralions were increascd, therefore, HGHIGF-I ratios were significantly decreased in PCOD
patients than controls (Urdt ef o/ 1991). The number of I receptors, receptor affinity and 1 receptor
complexes were signiftcantly higher in PCOD than controls (Urdl & Desoye, 1991; Urdl ef of 1991).
Elevated [ and IGF-f levels seem to play a pathogenic vole in PCOD by influencing synthesis and/or
scoretion of this growth factor and its binding proicin (IGF-BP1) by liver cells and other IGF-I producing

organs. Growth hormone has also been shown to produce relative IR (Burghen ef o/ 1980),

Obcse PCOD patients showed higher IR with hyperinsulinacmia, which is thought not to be entirely due

to obcsity because 1R Jevels were lower in patients with simple obesity than in abese PCOD patients.



Hyperinsulinaemia in simple obesity conld be due to impaired [ removal in the liver (Pasquali ef of
1982). Therefore, IR is probably the most imporlant factor in determining the hyperinsulinaemia in

obese PCOD patients.

Falcone et al (1991) reporied an absemce of association between the degree of IR and inhibin
concentrations. In addition, the same authors found that the women with PCOD had intiubin levels
comparable to those of the contral group during the early follicular phase but significanily lower than late
follicular phase or luteal phase. They postulaied that inhibin concentration in women with PCOD most
likely reflects ovulatory state with lack of a dominant follicle and subsequent ovelation; {therefore, inhibin

may reflect impaired follicular maturation and that Iphibin and E, are both markers of follicular

maturation. Several hormones that are known to stirmdate granuwlosa cell differentiation appear (o
enhance inhibin production #-vitre. During a normal menstrual cycle, inhibin levels change very little
from the early to mid-follicular phase. In late folliculsr phasc, inhibin Ievels rise with the LH surge;
peak inhibin levels occur in the mid-lutcal phase. Inhibin secretion is not acuicly allected by I secretion
in normal or hyperandrogenic females (Falcone ef of 1991), In-vitro experiments with PCOD granulosa
cells indicated the following : (i) physiclogical concentrations of TGF-1 are as etfective as FSH in

stimulating E, production; (i) ¥GF-I and FSH act synergistically to control the level of E, production and

(iii} this synergy was not observed with ! or IGF-II therapy (Holly et &/ 1990). 'The mcchanism(s)

responsible for arrest of folliculogenesis have to be established.

{nsulin-like growth facior-1 has been shown to potentiate the ability of LH to stinialate inferstitial theca
cell androgen production and an incrcase in local IGI-I aclivily could contribuie to the ovarian
hyperandrogenism characteristic of PCOD. Also, increased feedback of IGF-I at the level of the pituitary
could Icad to a reduction in GH secretion (Kazer et a/ 1990), There is considerable evidence that 1GT7-[
plays an important role in the human ovary and that physiological activity of IGF's is modulated by a
number of TGFBP's. There are at least 4 discrete types of IGFBP's in ovariap follicular fluid and it is
suggested that each may be produced independently within the ovary (Holly ef o/ 1990). ‘I'hc possibility
that 1, directly or via IGF-1 may meodify the paractine control of ovarian steroidogenesis or the action of
androgens at target tissue levels remains the subject of investigation (Toscano et af 1992).
Hyperandrogenized patients can be subdivided inte (i) those with IR, normal or minimal increase in LH
and markedly clevated I levels (obesity is associated with this type); (i) those with elevated LH levels,
no IR and normal ¥ concentration (high BLH is associated with this type) (Anttila ef o/ 1991; Dalc et al
1992b).
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Fasting 1 concentrations are raised in 1/3 of lean aud 3/4 of obese women with PCOD (Shaw, 1991).
Insulin, and perhaps 1GF-I, has a gonadotraphic (ype action promoting ovarian androgen synthesis and

coniributing to menstrual disturbance.

In couciusion, although there may be a threshold level of {free androgens in women above which IR may
be affccted, androgens are only oue of the multiple factors infInencing the development of IR, Peripheral
androgen production and LH may not corrclatc with hyperinsulinaemia in PCOD (Shoupe & Lobo,
1984), Polycystic ovarian disease represents a distinct subphenoiype of IR with a different genetic basis
from {R associated with typical NIDDM (Ahlgzren e of 1976).

22,6 THE ROLE OF LEPTIN

Lcptin, the so called the “ fat~-melling hormonge ™, is a newly discovered hormonal product of the obese
gene, It is derived from the Greek word * leplos ” which means thin (Caro ef «f 1996). Leptin is
cxpressed by adipocytes and thought to play a role in the regulation of food intake and metabolism
(Bartash et al 1996; Caro ef al 1996). Adipose tissue produccs leptin that is then secreted into the
systemic circulation (Klein et af 1996). Leptin receptors are widely distributed it the brain (including
the hypothalamus and the choroid plexus), liver, lungs, heart, kidney, testes, adipose tissuc and spleen
(Cavo ef al 1996). The reported plasma leptin half life is 25 minutes (Klein ef af 1996). Plasma leptin
concentrations are gender specific, being higher in women than in men (Haffher et o/ 1996, Scgal er of
1996). There is a circadian rhythm for leptin concentration (Piil ef af 1996), with highest levels batween
midnight and carly imorning hours and lowest around noon to mid-afterncon. It was posiulated that the
nocturnal rise in leptin could have an effect in suppressing appetite during the night while sleeping
(Haffner ef af 1996).

There is a strong positive correlation between serum leptin concentration and body fat, therefore, scrum
leptin concenirations reflect the amount of adiposs tissue in the body (Caro ef af 1996). When cnergy
intakc and cncrgy output are in balance, leptin reflects the amount of TG stored in the body as adiposc
tissue. When a disturbance causcs an increase in fat deposition and BMI (positive energy balance), an
increase in energy expenditure and a decrease in cnergy intake due to a redoction in appetite witl occar.
These compensatory changes are necessary to restore (he steady-state energy balance with no addition to
the adipose tissue, The reverse would occur if the disturbance causes fat loss (Caro ef a7 1996). The

same authors also tound a large deciease in serumn leptin concentration in the presence of a rvelatively



small change in body weight snggesting that leptin is regulated by other factors than the size of the

adiposc tissue depot. such as caloric intake and fasting.

Caro et al, (1996) proposed that most obese humans are resistant to their cndogenous production of
leplin singe the majority of human abesily is characterized by hyperleptinaentia. This increase in leptin
praduction may be caused by leptin antibodics, leptin antagonmists, or increased production of leptin
binding proteins resulting in a decrease of the free leptin 1eaching the braiv. It is not known yet where

the site(s) of leptin action is located in the hypothalamic-pituitary-gonadal axis.

It is known that hormanes, such as I, glucocorticoid and udrenergic agents, regulatc leptin secretion,
Acute 1 does not stimulate leptin sceretion in hwmans, while chronic I plays an important role in

stimulating keptin secretion (Caro ¢/ af 1996).

Studies Itave revealed an association between nutritional status, adiposity and reproductive maturity in
female animals. Chehab ef af. (1997) reported that normal pre-pubertal fermale mice injected with leptin
reproduced carlicr than controls and showed accelerated matwration of the reproductive tract, In
addition, leptin-trcated female mice were found fo have signiticantly elevated serum levels of LIT and
increased ovarian and uterine weights (Barash ef a/ 1996). 'Lherefore, it was suggested that leptin may
be a metabolic signal triggering pubcerly (Chehab er g/ 1997), and stimulating the reproductive endocrine
system of normal female mice (Barash ef of 1996, Clhehab er af 1997).

2.3 LABORATORY DIAGNOSIS

Biochemical studies historically were confined to amalyses of urinary steroid mctabolitcs, Elevated
excretion of urinary 17-ketosteroids had been observed by many investigators. Although it is known that
ovarian androgen production as ‘I' will produce less elevation of urinary 17-ketosteroids thar an
equivalent level of androgen production as A or DHEA from the adrenal gland (Goldzieher & Green,
1962) it was cvident that there was a spread of values which precluded categorization of these patients
into well defined subgroups. In addition, measurement of urinary 17-kelosteroids is of little value since
both adrenal and ovarian ketosteroids are metabolized to the same excretory products {androsterone and
etiocholanolone) (Goldzicher & Axelrod, 1963). As a consequence, dynamic studics of steroid
metabolisim were developed in an attempt to distinguish the ovarian contribution from that of the adrenal.
More recently the advent of radioimmunoussays opened up new approaclies to the understanding of both
the disease processes and the diagnosis ol PCOD,
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Polycystic ovarian discase is characterized by abnormalities in plasma levels of LII, oestrogens,
androgens, PRT. and glucose metabolism. The clinical features of women with PCOD may vary at
different times, with episodes of anovulation alternating with regular menstroal cycles. Therefore
frequent Iaboratory testing of these women is essential (Gindoff & Jewelewicz, 1987, Tutterwesit &
Mechanick, 1988).

2.3.1 GONADOTROPHINS

Luteinizing hormone is a heterogeneous molecule with the possibility of 2 or more molecular forms of
LH being secreted with different biological activities (Lobo ef of 1984). Variation in LH levels in PCOD
can be large. There are three groups of investigators with three types of results concerning the levels of
LH. The first group believe that LH vatues are persistently elevated compared to the levels observed in
the follicular phase of the normal cycle (Duignan ¢f a/ 1975; Rajaniemi ef al 1980; Lobo er af 1981,
Chang et o/ 1983; Laatikainen et af 1983; Hetneman ef af 1984; McKenna et af 1984; Abdulwahid ef af
1985; Dunaif, 1980; Messina ¢f af 1986; Eden ef of 1988a; Hombwrg et of 1988; McKenna, 1988,
Minakami ef al 1988a;, Venturoli ef o/ 1988, Waldstreicher et al 1988; Eden ef «f 1989a; Murdoch et af
1989; Rojanasakul ef a/ 1989), the second group divided the PCOD inlo two types, those with
persistently elevated serom LH levels and those with Ievels tn the normal vange (up 10 10 - 209 of their
patients) (Goldzieher & Green, 19G2; Givens ef af 1976; Yen, 1980; Givens, 1982; Vaitukaitis, 1983;
Schiock ef af 1985; Mason of af 1986; Wajchenberg et af 1986; Gindoff & Jewelewtcz, 1987; Franks ef
al 1988; Conway ef af 1989), and the third group considered LH levels io be high, nornial or low
(Garabrell ef af 1973). Different LH levels do not necessarily mean different subgroups, but may reflect
different hormonal statuses of individuals from time to time (Givens, 1982). The daily concentrations of
LH in individual palicnis were highly variable (Gambrell et af 1973; Gindoff & Jewelewicz, 1987). The
discrepancies Letween differemt reports regarding LH levels might result from the condlict between the
naturc of the LH scerction and the mothods used for measuring the levels of this bormone in the blood.
Measuring the hormone levels in plasma once daily can fead to confusing results, depending on (he
timing of blood sampling in refation to fluctuations of the hormone (Yen, 1980; Schwartz er af 1987;
Dolvan et af 1989; Insler & Lunenfeld, 1990).

Follicle stimmlating hormone was found to be in the low-nonnal range by almost all investigators
(Duignan ef al 1975; Kalz et af 1978, Rajaniemi of «/ 1980; Bates & Whitworth, 1982; Chang ef «f
1983; Lobo ef al 1983; Heineman ¢f af 1984; Abdulwahid ef o/ 1985; Messina ef af 1986; Wajchenberg
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et al 1986; Mavroudis e af 1988; Minakami et a/ 1988a; Venlurol ef al 1988; Waldstreicher ef af 1988;
Murdoch ef o7 1989; Rojavasakul «f af 1989),

Abnormal Gn secretion pattern is expressed by high LH:FSH ratio even if LH is normal (Givens, 1982),
This abniormal ratio is of diagnostic value in the discase (Lobo ¢f af 1981; Chang et af 1983; Lobo ef af
1983; Heinenan ef af 1984, Schriock et af 1985). Abnormal ratios of more that 2.5 can be found in 60 -
70% of PCO patients (I'utlerweit, 1984; Futterweit & Mechanick, 1988). The ratio varies depending on
the assay methods used; this is expecied since differont criteria are used in the different assays (Lynch et
ol 1989). An abnermally high ratio of LH:FSH is not nnique io PCQOD patients but is also observed in
chronic liver disease, hyperthyroidism and simple obesity (Givens, 1982) and can occur with other
hyperandrogenic disorders such as adult onset 2 10H deficicncy and androgen secreting lumours (Dunaif,
1986). Therefore, il is imnprortant that the reference ranges for each hormone be assessed for each method
and that (he upper normal limits of LELFSH should not be quoted without stating the methods employed.
The LH:FSH ratio may change if follicular development and the occasional ovulation occur (Lynch et qf
1989) indicating that the best timing for assessment of the Gn status is the early follicular phase, The
disparity between FSH and LH may be explained by the negative feedback effect of oestrogen which is
greater for FSH than for LH. Follicle stimulfating hormone is relatively insensitive 1o GaRH and the
multicystic ovaries may secrete increasing amounts of follicular inhibin which selectively decreases FSH
(Yen, 1980). Normally the disappearance rates of FSH like that of LH can be resolved into at feast 2
components : the initial (fasl) fraction with L2 0 3.9 hours and the second (slow) component with t(,; of
7.04 hours. The metabolic clearance raic of FSH is about half that of LH (Yon ef af 19704). Iu studying
the LH receptors in ovarian follicles from PCOD patients, the number present was lower than in normal
pre-ovulatory follictes but was similar to that of early normat fotlicular phase follicles suggesting that the
deranged follicular development may be due to tonic elevation of LH producing down regulation of its
own receplors, resulting in a decrease in the number of available receptor sites rather than a lack of LH
receplors (Rajaniewmi ef af 1980). Due io wide flucluations of Gn levels, urinary Gn measurements vere
suggested (Kulin er al 1975; Givens et ¢! 1976) and 3 howrly urine samples assessing Gn were well
correlated with the levels in 24 hour Gn excretions of urine. Urinary LM was ligh in most patients.
There may be qualitative differences in LH. Metliods using monoclonal antibodies are specific for
detceting only the iutact molecule. Values obtained using such methods were found to be lower than
those obtained with methods employving polyclonal antibodies. Monoclonal miethods possess good
specificity towards the molecule enabling better detection of conditions with gualiiative variations in the
LH molecute (Venturini e¢f af 1989), Paticnts with PCOD have clevated mcan BLH levels and a
significantly higher BLH : ILH ratio (Loho ef a/ 1983; Lobo ef of 1984; Gindofl & Jewelewicz, 1987;



Schwartz ef af 1987, Mavroudis ¢f ¢/ 1988) than at any siage of the normal cycle indicating that LH
secrelion is both qualitatively and quantitatively different from that of the normal female. The ILH may
not be increased. The sensitivily of the pituitary gland and the hyperdynaniic state of Gn sceretion may
result in the increased release of BLH (Gindoff & Jewelewicz, 1987). The incrensed ratio Ieads Lo the
suggestion that a morc biologically active form of LH may be secreted in these patients. Bioaclive LH
may be an important horinonal marker int the clinical diagnosis of PCOD (Lobo ef af 1983}, Increascd
ILH has been reported in a fow studies (Vaitukaitis, 1983; Lobo ef o/ 1984). Elevated ILH and LH:FSH
ratio may be contributed to by higher ocstrogen circulation, a relative deficiency in central dopamine and
clevated levels of GnRH. Tt is not known if these factors also raise BLH (Lobo ef of 1984). There was no
correlation found between BLH, ILH and androgen levels (Mavroudis et a/ 1988). Treatment with
oestrogen and P resulied in a decrease in ILH, BLH and the ratio. The decreased ratio may be duc to
either a direct effect of oestrogen and/or P on the biological quatity of LI ar 10 a direct effect through the

negative [eedback.

Endocrine glands wusually sccrcic hormoncs in an intermittent or pulsatile pattern including all
hypophyseal hormones. Pulsatile secretion as well as amplitude may transmit information {0 the target
cells thus inducing the activation or inhibition of their activity, Direct snmpling for GnRY is not possible
in humans; (he best way to study neuro-endoctine activity of the hypothalanms on the Gn is 0 study the
Gn secretory pattern. It is important to have a precise and sensitive assay method for pulse detection
(Genazzani et af 1989). In normal menstruation episedic pulsatile secretion of LH changes throughout
the cycle. Lutcinizing hormone pulse frequency remained constant during the follicular phase. Changes
in pulsc frequency and duration are explained by the secretion of gonadal steroids and their feedback
cffcets on the hypothalamic-pituitary axis. Other substances may affect LH pulse releasc, ¢.g. opiate
reccptor antagonist, naloxone, which increases LH pulsatile frequency during the luteal phase
(Genazzani ef af 1989). The detailed Ga pulse patterns are not well defined. Luieinizing hormone is
secreted in a pulsatile pattern. In any study of hormonal pulsatility, iwo problems have to be solved : (1)
duration of the siudy and (2) frequency of sampling. Reduclion in sampling frequency and/or the
duration of the study will result in a significant reduction in the number of pulses delected. The basal
scrum LH level is the result of GnRH puises which are released at relatively regular intervals into the
portal vessels, Most researchers describe an LH pulse interval of 1 - 2 hours during the follicular phase
of the normal cycle. The LH pulse frequency observed in PCOD is similar to that seen in secondary
amenorrhoea. Therefore increased LH pulse frequency is not unique for PCOD while pulse amplitude is
higher in patients with PCOD and lower in patients with non-PCO secondary amenorehosa compared to

that of the norimal follicular phase (Burger ef af 1985). There is a marked degree of vanability in LH
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pulses but vot in FSH pulses (Laatikainen ef of 1983; GindofT & Jewelewicz, 1987; Schwattz ef al 1987,
Ventureli ¢ af 1988). Eunhanced pulse amplitude seems the main factor responsible for the high LH
levels. Circadian pulsatility together with opisodic LH pulsatility could promote a rhythmic ovarian
activily. Anovulation would result from a disturbance of this pulsatility (Venturoli et af 1988). The
frequency of LH pulscs can vary from 1 to 5 in a 6-hour period while the amplitude can range from 5.5 -
31.0 miU/mL {Gindoff & Jewelewicz, 1987; Schwartz ¢t af 1987). The increased pulsatile release of LH
is probably related to the increased sensitivity of the pituitary gland (0 endogenons GnRH, released at
higher frequency (Genazzant er &/ 1989, Murdoch ef af 1989). Most studics agiee that at increased
pulse amplitude occurred in PCOD (Laatikainen ef of 1983; Burger ef af 1985, Mason ef al 1986,
Gindof¥ & Jewelewicz, 1987, Ventwoli et af 1988; Waldstreicher ¢ of 1988; Genazzani et of 1989,
Murdoch et af 1989) while conflicting resutis an pulse frequency were reported; with no change in some
series (Burger ef a/ 1985; Mason ef af 1986; Venturoli ef of 1988; Genazzani et a? 1989%; Murdoch e/ q/
1989) and a significant rise in others (Yen, 1980; Laatikainen ef of 1983; Gindoff & Jewelewicz, 1987,
Waldstreicher ef af 1988). This discrepancy could rtesubt because, cven in normal subjects, LH is
secreted in a complicated pattern of superimposed pulses of different frequencies. Pulscs weore detected at
frequencies of 1 hour and 2 - 3 minutes (Murdoch ef af 1989). In addition fo pituitary responsiveness,
there may be qualitative differences in LH, that is the BLH (Schwattz et a/ 1987). Therefore, there is a
heterogeneous pattern of LH pulsatility in PCOD. Frequent measurements are recommended 1o define
patterns of LH. There is no clear correlation between the clinical picture and the LH puilse patiern
(Mason ef af 1986} but in severe cases of obesity and hirsutism, lower pulse amplitude LH peaks were
detecicd than those of women of normal weight (I.aatikainen ef o/ 1983; Mason ef af 1986). 1t is
suggested Lhat in obese PCOD patients, a greatly elevated level of biologically active T suppresses the LH
scorcton. Plasma LH responses to GuRH were significantly higher in PCOD than in normal patients.
This is probably related to E; concentrations. Gonadotrophin releasing hormone stimulation of FSH
levels was normal or Tow (Mortimer ¢f af 1978; Chang er o/ 1983; Vaitukaitis, 1983; McKenna ef o/
1984 Gindoff & Jewelowicz, 1987; Minakami ef o/ 1988a; Rossimarith er of 1989), Gonadotroplin
releasing hormmone stimulation was found to result in incrcased BLHILH ratio (Lobo ef of 1983,
Schwartz er af 1987). This response may reflect several factors: () increased pituitary cell scusitivity to
GnRH induced by chronically clevated ocstrogen levels, (i) altered dopaminergic modulation of
hypothalamic neurons that secrete GnRH and (iii) other nmeurotransmitter defects (Vaitukaitis, 1983).
Despite these differences a marked degree of overlap existed between PCOD patients and controls.
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CONCLUSION

Most authors agreed on the significance of the increased LI pulse amplitudes in PCOD paticnts over the
controls white the increase in LH pulse frequency was not unique for PCOD paticnts.  Thercfore, it is

tporiant to have precise and sensitive assay methods for pulse detetion.

2.3.2 ANDROGENS

Tlie normal ovary, in addition to the adrenal gland, sccretes three major C19 steroid androgens: T, A
and DHEA syntlicsized by stroma and thecal internal cclls. The relative contributions of the adrenals
and the ovarics may vary during the course of the menstrual cycle (Yen, 1986). Androstenedione is
secreted by the ovary and the adrenal with a variable ratio exhibiting a dinrnal variation, Tlhws, in the
morning, lhe adrenal contribution may be 80 % of the lotal A production and decreases by cvening in a
simifar way to that of cortisol, Daily adrenal sccretion of A exceeds (hat of both ovaries in the eatly
follicular phase. The mature follicle secretes increasing amounts of A. Therefore, the time of sampling
is important. Testosterone is considered the most potent androgen. Iis action is exerted either directly or
indirectly depending on the target tissue. The expression of androgenicity in sexual target cells requires
the formation of DHT and androstenediof by the enzyme 5oc-R, mainly in hair follicles and external
genifalia. 'Festosterone and A are precursor hormones (prehormones) of plasma DHY'. Circulating I is
derived from the adrenals (23%), the ovaries (25%) and from peripheral conversion of prehormones
(precursors) at sites like liver, fat and skin tissues (50%). At least 2/3™ of plasma DHT is formed hy
peripheral conversion of A, and {o a lesser extent T, while little is derived from direcl ovatian secretion.
It is suggested, therefore, that the plasma DHT concentration in normal wonien may reflect the activity in
peripberal target (issues for androgen. The mctabolic clearance rate of DHT is slow due to its high
binding affinity to SHBG, The physiological role of DHEA in humaus is unclear (Yen, 1986).
Androgens produced in increased amounts from the ovary are often reflected by increascd T and A lovcls
in the circulation, Prolonged exposure to elevated LH levels may lead to hypemplasia of theea cclls and
increased production of the ovarian androgens, A and T. In spitc of an increased androgen production,
PCOs bave a decreased aromatization activity of androgens to oestrogens which is mainly due to the
relative deficiency of FSII coupled with the absence of large foliicles (Schriock e al 1985).
Dehydroepiandrosterons and DHEA-S are less potent than other androgens (Yen, 1986). They represent
the major androgens secreted by the adrenal gland with Iess than 10% of the daily DHEA secretion being

of ovarian origin, There is neither intraglandular nor peripheral conversion from della 4 steroids (T and
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A) to delta 5 steroids (DHEA and DHEA-S). Normally there is conversion from delta 5 to delta 4 and
from delta 3 to E, at extraglandular sitcs but ihis conversion is insignificant it amount.
Dehydroepiandrosterone-sulphate appears to be hydrolyzed contimiousty to DHEA and sccretion of
DHEA by the adrenal cortex is ACTIE dependent with diwrmal wvariation as for cortisol
Dehydroepiandrosterone-sulphaie induces batl androgenic and oestrogenic effects in humans. There are
10 short term variations in DHEA-S lovels, therefore its measurenmcnt is an easy and reliable method for

evaluation of adrenal androgen. secretion,

Hyperandrogenacmia is a characteristic feature of PCOD bul not all  pationts display the manifosiations
of androgen excess, Elevaiion of almost all androgens has been found to oceur in PCOD patients and the
principal androgens secrsted by the ovary ate T and A (Gambrell et &/ 1973; Duignan et al 1975;
Ginsburg & Havard, 1976; Givens ef gf 1976, Aiman ef of 1978; Kim er o 1979; Quaptiarello & Weiss.
1979; Kandeel ¢t af 1980; Balcs & Whitworth, 1982; Chang ef o/ 1983; Laatikainen ef a/ 1983;
Milewicz et af 1983; Pittaway ef ol 1983; Heineman ef af 1984; McKenna et af 1984; Murdoch et af
1984, Cunningham ef @/ 1985; Fleming ef of 1985; Haning ef of 1983, Gross ef a/ 1986, Polson et of
1986; Wajchenberg ef al 1986, Carlstrom ef of 1987, Schwartz ef af 1987; Eden et af 1988a; Venturoli e/
al 1988; Conway ef a/ 1989; Eden ef o/ 1989a; Eden et of 1989¢; Matteri e gl 1989; Murdoch et of
1989; Lynch ef a7 1989; Rossmanith ef af 1989).

Although there is almost universal agreement regarding the elevations of T and A, other androgens like
DHEA and DHEA-S have been reported as elevated in some patients (Cnmming ef af 1982; Chang ef af
1983; Horrocks of al 1983; Piitaway et al 1983; Carmina et al 1986, Wajchenberg ef af 1986; Schwar(z
ef af 1987; Rojanasakul ef af 1989).

Dehydroepiandrosterone-sulphate was found raised in 30 - 47% of PCOD palicnis with mild clinical
presentation (Carmina ef a/ 1986; Carlstrém et af 1987) and more than 90% was of adrenal ornginal
(Carlstzém et af 1987), The explanation for the raised DYIEA-S levels is mot known. The rise could be
explained by increased PRI and E, levels (Carmina ef of 1986, Schwartz ef af 1987) but DHEA-S was
found Ligher than normal with aormal PRL level (Rojanasakul ef af 1989). It was suggested that (he
elevation was not due to adrenal enzyme deficiency but to a tonic hyperstimulation of the adrenals. The
possibility of an cxaggeratcd secretion of some pitnitary hormones with adrenal androgen stimulating
activity must be considered. It was suggested that some cases of PCOD with high DHEA-S might be due
to a mild form of CAH which only manifested in the adult but this was disproved by an ACTH test.
Dehydrospiandrosterong-sulphate is mainly of adrenal origin, Qther alicruative hypotheses for DHEA-S

sources are : (i) due to high K, concentration, oestrogen may inhibit the enzyme 33-OHSD and increasc
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the DHEA response to ACTH in patients with PCOD, so advenal abnormality may be a secondary effect
arising because of a relative deficiency in 3(3-0OHSD, (ii) an abnormality of factors which control adrenal
androgen secretion, possibly ACTH (Hoirocks ef o/ 1983). Bioactive LH ts found positively correlated
with DHEA-S (Lobo er af 1983} which might explain adrenal androgenization.

Androgen status was evatuated by measuring plasma TT although T is elevated in < 50% of cases of
"benign androgen excess conditions" including PCOD (Pitiaway ef o/ 1983). About 97 ~ 99% of T is
profein bourkt mainly to SHBG. The biologically active fraction of T is the free portion (I'I) which
should be measured because even a small increase in T can reduce its own SHBG resulting in an increase
in FT (Quagliarello & Weiss, 1979; Milewicz ef af 1983, Carlstrom ef of 1987, Eden ef of 1989a). It is
reported that FT is found elevaicd even when TT is normal or decreased (Milewicz et @f 1983). Total T
is suitable for detecting androgen producing tumours. Free androgen index which is defined as T/SHBG
x 100 (T:SHBG ratio) (Conninglham ef af 1985} is a better predicior of androgenic staius (Quagliarelio &
Weiss, 1979; Cumninghain ef alf 1985; Carlstréin ef af 1987; Eden, 1988; Eden ef af 1988a; Eden er of
1988b; Edcn ef af 198%; Eden ef af 1989¢c) than is TT. In comparison, raised T was found in 53% of
patients, raised FT in 53% only while FAI was bigh in 90% of patients with better prediction (Carlstrém
et al 1987) although having a few false positive results in conditions like CAH and androgen secieting
tutrours which are rare (Eden, 1988). Au FAI > 4.5 is suspicicus of PCOD (Eden, 1988; Eden ef af
1988a; Eden ef a/ 1989c) and FAI is affected by BMI1 (Eden, 1988, Eden ef ol 1989a), age and the phase
of the mensirual cycle (Eden ef @l 1988a) and should be calculaied in the carly fotlicular phase. There
are conflicting data regarding the correlation between androgens and Gn, with positive (Conway &
Jacobs, 1987), negative (Duignan et g/ 1975) and no corrclation (Heineman ef @l 1984; Dunaif, 1986;
Messina ef al 1986) all reported while 170-OHP showed a significant inverse correlation. This could be
scen as evidence for a negative feedback dirvectly or indirectly exerted by 17«c-OHP on LH and FSH.
Therefore the importance of 17«c-OHP was stressed in determining the hormonal status of the syndrome

(Messina et af 1986),

Although there is general agreement that androgens rise in PCOD the sonrce of excess androgens
secrction is questionable.  All the previously described tests are helpful but not usetul io determine the
source of the androgens, Selective simultaneous catheterization of adrenal and ovarian veins is suggested
to be the only certain way of determining the source of androgen production and the contribution of caclh
gland (Ginsburg & Havard, 1976; Milewicz ef af 1983; Waichenberg ¢t a/ 1986). This showed ovaries to
be the source of the excess androgen secretion, but the techuique has lintitations. Treatment with GnRH-

A resulted in a decrease in LH and subsequently E,, E,, A and T. OQestrogens were reduced to
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low/normal values and androgens although reduced remained elevated. This may indicate that a
considcrable amount of the androgen is derived from the ovary (Fleming ef o/ 1985), It has lbeen
established that the adrenal gltands contribute to the androgen secretion in pattents with PCOD but the

signtlicance is as yet uncleat (Aiman ef af 1978; Gross et «f 1986, Wajchenberg et af 1986).

The commnonly uscd adrenal dynamic tests (DXM suppression test, and ACTH stimulation test) do not
provide an accuratc localization of androgen production (Berger ef af 1975; Ginsburg & Havard, 1976;
Kim et ol 1979; Milewicz ef af 1983; Wajchenberg ef af 1986). The five day DXM test may suppress

both ovarian and adrenal secretion and the ACTH test may give heterageneous results.

2.3.3 OESTROGENS AND EXTRAGLANDULAR HORMONE CONTRIBUTION

Anovulatory cycles in women with PCOD are characterized by a failure of normat follicnlar maturation.
I.evels of £, in PCOD patients are similar to the levels seen in the carly follicular phase of a normal ¢ycle
(Gindoff & Jewelewicz, 1987, Schwartz ef o/ 1987). In a normal cycle, E; production is 100 ug per day,
and of this 40 ug arises from peripheral conversion (Yen, 1980; Gindoff & Jewelewicz, 1987; Schwartz
et al 1987). Peripheral conversion of the elevated A is probably the reason for the high E, levels
observed in PCOD patients (Aiman ef o/ 1978; Yen, 1980; Gindoff & Jewelewicz, 1987, Schwartz ¢f al
1987).

Typically &, concentrations are within normal ranges while E, is usually high (Katz e a/ 1978; Kandeel
ef al 1980; Rajaniemi et o 1980; Bates & Whitworth, 1982; Chang ef o/ 1983; McKenna e? of 1984,
Cunningham et a/ 1985; Schriock ef af 1985; Wajchenberg ¢t af 1986) with an increased E,:E; ratio.
The high E, provides inhibitory feedback on ihe hypothalantc-pituilary systetn and is thoughl o be the

key factor in maintaining chronic anovualation (Yen, 1980).

Persistent endogenous productionr ol ocsirogen is of limited dingnostic value in identifying and
classifying paticnts with PCODP (Insler & Lunenfeld, 1990). It has been found thal many women with
oligo-ovulation or anovulation show persistent oes{rogen production although their gonads do not oxhibil
the characteristic structural changes associaled with PCOD. It is also important to rcalize that absolute

values of oestrogen in plasma do not identify ihe sources of their secretion,

Oestrone and E, may be produced by the ovary, by the adrenal or by peripheral conversion

(extraglandular aromatization) of' A {(Aiman ef o/ 1978; Tnsler & Lunenteld, 1990). Even in women with
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presumably ovulatory cycles, a considerable variability of hormonatl levels from cycle to cycle in the same
subject has been recorded. The increascd LH levels acts upon tlte ovarian stroma {0 stimulate A secretion
and 1o a lesser extent T sccretion, In females, A is converted lo E,. Women with PCOD are found to
have an increased concentration of Ey relative to E; when compared to norinal women because of the
increased A (Bales & Whitworth, 1982). Administration of GonRH-A resulicd in a marked decrcase of A,
T, E; and E; to the levels of the oophorectomized female (Chang er of 1983; Gindoff & Jewelewicy,
1987, Musacchio, 1988).

It lras been suggested that clevated E, causes a chronic teedback on Gn secretion leading to increased LIY
scerction andt FSH suppression although it is also possible that clovated LH lovels lcad (0 ovarian
hyperproduction of E,. Most of the circulating ocstrogen docs not originate from direct ovarian scerction
but from peripheral conversion of androgens (Heineman ef o/ 1984). Plasma E, is mainly derived from
petipheral conversion of A. I was hypothesized that those patients with the hyperandrogenic state and
wilh lowest aromatase activity demonstrated idiopathic hirsutism, while hyperandrogenic subjects with
mean or clevated aromatase activity developed PCOD (McKenna et af 1984), Since PCOD patients are
frequently obeso, there is increased extraglandular tissue residing in adipose tissue capable of converting
androgen procursors info ocstrogens, mainly Ey.  In a study, E; was found clevated to three times the

normal value but with no demonstrable corrclation with obesily (Laatikainen ef af 1983).

It is thought that oestrogens, rather than androgens contribute to the distortion of Gn release seen in
hyperandrogenic females as chronic exposure (o androgenic gonadal steroid regulation of hypothalamic-
pituitary axis in PCOD is diffcrent from that scen in men and acute androgenic administration did not

result in distortion of Gn release in androgenized women (Dunaif, 1986).

2.3.4 SEX HORMONE BINDING GLOBULIN ( SHBG )

The transport of hormones from their sources to the designated "“target” or sites of action requires that the
binding affinity of the cellndar receptors be greater than that of the carriex protein to permit dissociation

from the latter and association with the former,

In compatison to the binding affinity for T, SHBG has three times the affinity for DHT but about 1/3"
that for E,, The SEHBG-bound steroids are not readily avaitable for {arget-tissue binding and action. The
free fraction and the albumin-bound fraction are biologically active. The production of SHBG is
promoted by oestrogens and inhibited by androgens. The relationship between SIIBG and the balance

65



between androgens and vestrogens is tmportant in inlerpreling levels of circulating hormones and their
biologic aclion at target tissucs. Alterations in SHBG Jevels could be due to physiological conditions;
decreasing during puberty which is normat and does not depend on increased androgen levels and
increasing during pregnancy while pathologically, low SHBG concentrations may result from progesting
{except medroxyprogesterone acetate), glucocorticoid excess as in Cushing's syndrome, GH excess as in
acromegaly and from thyroid hormone deficiency. Thyroid hormone is the only hormone other than
oestrogen that stimulates SHBG production (Yen, 1986). Elevated plasma androgen on the other hand
lowers the circutating levels of SHBG. Thus in PCOD patients with increased androgens, the SHBG
level is lowered with a subsequent increase in the fres biclogically active portion of the hormones
(Ginsburg & Havard, 1976; Kim et al 1979; Carter et o/ 1983; Laalikainen ef af 1983; Schwartz ef af
1987; Lden ef af 1988a;, Lden ef a! 1989¢; Rojanasukut ef al 1989). The level of SHBG was found
decreased in 60% of PCOD patients (Carlstrom ef af 1987). Decreased SHBG could explain the
manifestation of hirsutism in PCOD patients with normal TT levels (Ginsburg & Havard, 1976,
Cuanningham ef af 1985). Obesity causes a finther degrease in SHBG (Kim ef al 1979; Laatikainen et al
1983; Cunningham et of 1985). Free T concentrations may contribute to suppression of SHBG in
obosity. Reduccd SHBG levels in obese subjects may be secondary to increased FT levels. A fall in
SHBG levels, in addition to that caused by andropens, will amplify changes in sex steroids by increasing
the circulating non-protein-bound fractions, the biologically active moieties (Cunningham ef af 1985). It
would appear that obese PCOD patients have no excessive androgen production but rather higher
biologically active free and atbumin-botnd 'f' (Laatikainen ef o/ 1983). Factors other than androgens
may be responsible for SHBG suppression in obesity (Cunningham ef of 1985).

Dehydroepiandrosterone-sulphate is not a significant modulator of plasma SHBG (Cimningham ef af
1985). Small doses of DXM could result in an increase of SHBG level. This increase is independent of
changes in indrogen and oestrogen and may be due to a direct effect of glucocorticoid on synthesis and
degradation of SHBG. Sex-hormene binding globulin is found lowest in the late follicular phase (Eden
ef ol 1988a} and it decreases with advanced age (Cunningham e/ of 1985). Treatment with clomiphone
citrate resulted in an increase in SHBG similar to levels seen in spontaneous ovulatory cycles. It is likely
that loss of the usnal rise ir E; in both the folticnlar and lateal phases of an ovalatory cycle is the main
reason for the low SIIBG concentration found in PCOD (Bden ef af 1989b).
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2.3.5 PROLACTIN

Hyperprolactinaemia is frequently found in association with infertility and hypogonadism, and may
occr in 1/3™ of PCOD patients {Vaitukaitis, 1983; Fulterweit, 1984), Hypermrolactinagmia in PCOD
may result from the effects of the abnormal serum cestrogen concentrations on pituitary lactotropls
(Futtetweit, 1984; Schriock et af 1985) but the presence of normal PRL function in notioprolactinaemic
PCOD patients excludes a specific impairinent of Iactotroph function. The hyperoestrogenic state in
PCOD or the milder elevations of oestrogen, predominantly E,, is due mainly to petripheral conversion of
androgens (mainly A) and decreased SHBG which result in exaggerated oestrogen concentrations
{Schriock ef a/ 1985), Hyperresponsiveness to TRH is frequently noted probably because of E; excess
{McKennu ¢f al 1984).

It is thought that PRL may exert a divect effect on DHEA-S secretion because the production rate was
decreased in PCOD womgen treatced with bromocripline and was related to a similar decline in serum PRL
{Gindoff' & Jewelewicz, 1987, Schwartz ¢/ o/ 1987). Hyperprolactinaemia may be a refleclion of a
central abnormalily such as allered dopaminerpic activily, affcoting Gn and PRL scerction (Goldzicher &
Green, 1962; Schriock er o/ 1985). All study paticnts with PCOD in onc scrics who had clevated PRL
fevels, showed an excessive response 1o dopaniine receptor antagonist {metociopramide) (Goldzicher &
Green, 1962). Serumn PRL was found negatively correlated with T, LH and ovarian volume (Conway &
Jacobs, 1987). Administration of GnRH has been shiown to stimulate PRL relcase (Shoupe & Lobo,
1985).

2.3.6 INSULIN AND SHORT INSULIN TOLERANCE TEST (SITT)

Since the description by Himsworth in 1936 that human disease could be associated with reduced
sensitivily to I (IR), several methods have been developed for detection and quantification of IR (Caro,
1991).  Insulin resistance is diagnosed when normal glucose levels exist in the presence of
Lyperinsulinzemia (Burghen ef af 1980). The GTT, evglycaemic I-clamp technique, the minimal model
technique, aud the SITT are all provocation methods wlich have been used (o quantify §S. Other tests
inclade measurement of IS in-vifro in ol cullures and tissuc samples. Howoever, most of those tests are
complicated to perform on a large series of patients and there has been much debate about the relative

merits and limitations of eaclt of them.
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Total body IS can be assessed via the intravenous GTT, or minimal model. Ahthough the euglycaenic 1-
clamp technique is the most widely accepted standard method for estimating IR against which other
methods are compared, it is expensive, timc-consuming, requires specialized equipment and highly
trained staffing and he feedback control of glucose levels is complex; all of which make it a laboratory
investigative procedure rather tham suitable for use in a clinical scting (Caro, 1991). These
disadvaniages demonstraic the need for an acceptable methodd to measurc IS that conld be used in large

scale studies or even clinically.

An alternative to the englycacmic clamp, the SITT is a short usefid alternative(Akinmokun e al 1992;
Hirst et af 1993). A close correlation was found between the glncose disappearance rate (KITT) and the
M/ ratio derived from the STTT and the cuglvcaemic hyperinsulinaemic clamp in both normal and
diabetic subjecis. Results suggest that the SITT is a suitable method of assessing IS and particularly
useful for large-scale studics, although the requirement for arterial blood adds a measure of complexity
(Muatthews ef al 1985; Akimnolun ef a7 1992; Holte ef g/ 1994a). The SITT is simple and rapid to
perform. The SITT method uses the ratio of decline in blood glucose after the intravenous
adminisiration of I as an index of IR, The method is used increasingly in clinical rescarch because
studics have shown that (he rate of fatl of blood glucose during the SITT, the KITT-value, significantly
corrclated with the cuglycaemic clamp (Akinmokun e of 1992). Another advantage of the SITT is that
the test is safe, reprokincible and could be used to measore IR in large-scale epidemiclogical studies
(Akinmokun ef af 1992; Hirst ef o/ 1993). The degree of IR and deficient B-cell fiction can be assessed
from a patient's FI and glucose concentrations (Matthews er a/ 1985). The fasting plasma plucose
concentration depends primarily on the rate of hepatic glucose release, which in lurn is regulated by I
concentration. Fasting plasma GLU/INS concenlration ratio may provide the simplest estimate of TR, Tt
has been obscrved that the GLU/INS ratio calculated from a single fasting plasma sample correlated with
the measurement of IS determined by the euglycaemic clamp, the minimat model technique, and the oral
GTT (Caro, 1991). The higher the plasma FI concentration for a given fasting plasma glucosc, the more
IR an individual is. Fasting insulin and FIRI are simple and reproducible measures of IS. Clctand et al.
{ 1996) reported that fasting hyperinsulinaemia may be used as a gnide to the existence of IR and that
log,, FIRI was highly correlated with the euglycaemic hyperinsulinacmic clamp (r = 0.67, P < 0.001).
Therefore, simpler estimates of TR such as Fl, GLU/INS ratio and FIRL may obwviate the need for more

complex pracedures to obtain a usefud index of TR in large-scale studies.

It is now well established that hyperinsulinaemia is involved in, and may be a trigger phenomenon in the
pathogenesis of PCO (Urdl ef af 1991). Basal and glucose-stimulated hyperinsulinaemia are recognized
features of PCOD (Dunaif & Graf, 1989).
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CONCLUSION

Laboratory tests may include cstimation of LH, FSH, E, aidd I, with elevation of LH:FSH and E;:I,
ratios. These are compatible with PCOD but these can be seen in any type of chronic anovulation or
other conditions like testicutar feminization syndrome (Yen, 1986). | can be concluded that no single
biochemical test can diagnose PCOD (Ginsburg & Havard, 1976; Schriock er o/ 1985) because the
biochemical spectra inchiude minimally to markedly elevated plasma androgen levels und normal to
extremely high L levels (Givens et af 1976). 1t is imporiant (0 nole thrat Gn, androgen and ocstrogen
production depend on the stage of follicular phasc which is of grcat importance for sampling and
interpreting resuits. It is suggested that the initial laboratory evelvation of patients suspected to bave
PCOD should include the following tests : plasma LEGFSH, T, DHEA-S, PRL, A and 17<-OHP,
Additional studies of: plasma SHBG, FT, % I'T, E;, E,, DHT, I (IR), ACTH test, GnRH test and TRH
test (if hyperprolactinaemic), are not always essential but give a clearer picturc of the associated

endociine dysiunction (Futterweit, 1984),

2.4 THE ROLE OF ULTRASONOGRAPHIC SCANNING IN THE
DIAGNOSIS OF PCOD

Ultrasonagtaply can aid in the non-invasive diagnrosis of gynaecological abnormalitics. 1t is an accurate
and reliable method that can help in determining ovarian morphology and size (Campbell e af 1982;
Orsini et af 1985; MacDougall ef af 1992),

In post-pubertal females, the ovaries enlarge rapidly under hormonat stimulation involving mainly the
width and thickness where the enlargement s atiributed to an increase in the number of follicular cysis
(Sample et al 1977).

Ovarian volnme is calculated using the formula : [4/3 x mx d1/2 x d2/2 x d3/2]) ;

where dl = widest transverse diameter; d2 = longest diamcter orthogonal to this in the A-P axis; d3 =
maximnm vertex diameter]; (Campbell ef af 1982). It normally ranges betweeu 1.8 - 5.7 car®; while the
average ovarian volume of polycystic ovaries is 12.5 cm* (range is 6 - 30 cm®) - 2-5 times normal size
(Swanson ef af 1981). Polycystic ovarics as defined by US scanning are very common in anovulatory

women {57%). Polycystic ovaries were found in 26% of patients with amenorrhoea, 87% of patients with
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oligomenorrhoea and 92% of those with idiopathic hirsutism {(Adams ef o/ 1986a). Enlarged polycystic
ovaries could be found in ovaolating and feriile patients (Ferriman & Purdie, 1965) where a corpus
Iuteum could be detected in 16/23  US-diagnosed PCOD paticniis (Adams ef af 1986a). Bilateral
enlarged globular shaped ovaries are rare and vswally asymunetrical im size {(Conway er af 1989). A
unilatcrally entarged PCO was roported by Rojanasakul ef o/ (1989) who stndied 54 Thai women with

PCOD using a high resolution real-time US scanncr - two patients had unilateral polycystic ovarics,

Measurcment of ovarian vohnne should be morc accuratc than determination of any one dimnension
(Sample ef ol 1977y and should be helpful in asscssing inappropriatc hormonal stimulation. Whilc
ovarian volume, expressed as the mean of bolh ovaries (Flague «f «f 1990), has been suggested as an
indication of abnormal ovarian size, this may not be piactical (Ginsburg & Havard, 1976; Yeh ef al
1987; Rojanasakul ef @/ 1989) as normal ovarian volume does not exclude the diagnosis of PCOP (Hann
et al 1984; Orsini ef af 1985; Taketani, 1990; Puzigaca ef o 1991). It was found that the average size of
ovaries it PCOD patients was much larger than that of healthy females (Hann ef of 1984; Yeh et af
1987} but that 29.7% of ovarics in paticnis with PCOD were normal in size. Enlarged ovarian volume is
therefore not a necossary criterion for the diagnosis of PCOD (Ginsburg & Havard, 1976; Puzigaca et of
1991).

Sonographic findings recorded by Adams ef al. (19862) and Comway ef al. (1989) for diagnosing PCOD
were as follows : multiple cysts (= 10) 2 -~ 8 mm in diameter, arranged either peripherally around a densc
core of stroma or scattered throughout an increased amount of strema (or both). The ovaties are usually
enlarged. This should be distinguished from muiticystic ovaries normatly seent during puberty and also
associated with hypothalamic amenorrloea due te weight loss. Those ovaries have larger cysts than PCO
and normal sbroma (Abdulwakid et of 1985; Adams et of 1985; MacDougall ef @l 1992). Conway et al.
(1989) studied 556 PCOD patieats and tricd to correlaie trans-abdominal ultrasonographic features to
clinical and endocrinological manifesiations. They found that subjects in a high LH group had
significantly higher mean serum FSH and T concentralions and larger ovaries compared to those in the
notmal LH group while Givens (1982) argued that the division of TS versus raised LH levels
concentrations, does not necessarily mean differcnt subgroups but may reflect a different hormonal status

of cach individual from time to fime.

Takat et al. (1991) studicd ultrasonically and cndocrinologically 69 cuprolactinacmic patients with
anovilation and high LH secretion. They divided PCOD patients info three groups: (i) patients with
neither hirsutism nor increased A and/or T concentrations; (if) patients without hirsutisin but with

increased A and/or T concentrations; (iii) patients with hirsutism and increased A and/or T
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concentrations, Polycystic ovaries were diagnosed nltrasonographically in 88, 84 and 100% of patients
in types i, ii and iii respectively. These authors postulated that cach Lype may represent a subset of the
whole spectrum of PCOD from SL syndrome to simple anovulation with increased LI secretion, and,
that type (i) precedes type (ii) PCOD.

Hyperprolactinaeniic PCOD patients had significantly lower mean T concenirations and smaller ovarian
volumes than normoprolactinaemic subjects, while ne difference in ovarian volume was found between

obese and normal weight subjects (Conway ef af 1989},

Eden & Place (1989) found a high corretation between an elevated FAI and ultrasonic and laparoscopic
diagnosts of PCOD. Free androgen index is an index of FT activity (Carter ef af 1983). Clinical history
and ultrasonographic data were analyzed and their possible interrelationships in a group of 72 PCOD
patients, were evaluated (Puzigaca ef of 1991). Twenty three point six percent of PCOD women were
{found to have an ovarian volume within the normal range, while 72.2% had enlarged ovaries. Serum
androgen levels (especially A} were higher in PCOD patients with enlarged ovaries although hirsutism
was found in equal amounts in patients with norimal and enlarged ovarics. Patients with the most
enlarged ovaties, who also havc the highest scruin A and E; concentrations, had the mwost [requent

occurrcice of atnenorrhoea.

Ovarian morphology was classilicd according to the presence or absence of ceho-free cystic funclionzl
structures into (1) predominanily solid if fewer than 4 small (< 9.0 nun} cystic struclures were detected in
the ovary; (2} predonyinantly cystic if multiple small cystic structures or at least one large (= 10,0 mm)
cyst was present (Comwvay ef @/ 1989; Rojanasakul ef af 1989). Orsini ef al. (19853) could demonstrate
the classical ulirasonic picture of PCOD (i.e. symmetrically enlarged ovaries with numerous tiny cysts) in
only 36.3% of their cases while Rojanasakul ef ol. (1989) found the typical ultrasound appearance in 2/3
of their patients and 1/4 of them had bilaterally solid ovaries.

In correlating ultrasonic cvalnation with clinical and hormonal data (Parisi et al 1984) the criteria
inchuded ovarian size, shape, margins, stmeoture of the ovary and uterine:ovarian ratio. Uterine:ovarian
1atio was calculated as the maximum A-P diamoter of tiie uterine fundus in relation to the longitudinal
diameter of the ovary., The degree of ovarian enlargement had a significant correlation with both the age
and the duration of symptoms. Furthermore, the ovaries tended 10 have a more rounded shape in older
paticnts and in those who had had PCOD the longest. This might indicate that both ovarian size and
shape are functions of the disecase duration and that PCOD, once established, causes progressive

enlargement of the ovaries, which tend to become completely round in shape, Tdentification of large



ovaries with a rounded appearance may therefore be an indication of advanced stages of the disease,
which once cstablished, is the cause of progressive eniargement of these organs, Other researchers fourd
a striking correlation between cycle listory and ovarian appearance and they considered calculaling the
ovarian volume (Polson 2f af 1988). Some awnthors (Parisi et @/ 1984; Futtenweit & Mechanick, 1988,
Puzigaca et al 1991) stressed the value of the uterine:ovarian ratio and it was always < 1 in PCOD cascs;
Orsini et al. (1988} found this in 77.3% of their patients. In contrast, ovarian volume measured by
uttrasonnd, was not considered essential tor diagnosis and ditficulties were encountered in finding the
reference plane for measurement {Rojanasakul ef af 1989). Ovarian volume did not show a sigaificant
correlation with endocrine hormones (Gn, T, E., 1) or with echogenicity (AbdelGadir et af 1991). These
authors alsv roporicd that biggor ovaries woere nol produced in response o prolonged duration of
symptoms, higher LH levels or to any specific Gn pulse pattern. These ovaries did not produce more T
than smaller ones and this confirms that normal sized ovaries may have the same histological and
biochemical abnormality as do cnlarged ovaties in PCOD paticnts. AbdelGadir and his colleagues
{19924a) concluded that ovarian size did not indicate the severity of the condition and that more etaborate

treatment regimens atre not indicated on the sole critetion of entarged ovaries .

Roundness index is defined as the ratio between the width (the second largest ovarian diameter) and the
length (the maximum ovarian diameter) (Yeh ef af 1987). The shape of the ovary in PCOD, expressed
as the RI, was found to be not different from that of healthy females and there was no significant
correlation between the size and the shape of the ovaries, There was ilso no correlation between RI and
ovarian volume and (he ranges and averape of the RI of the ovarics in PCOD paticuts were the same as
those of normal healthy ovarics. Tids indicaics that cnlargement of the ovarics in PCOD is due 1o a
diffuse process and that ihe ovarics maintain their shape as they enlarge. The shape of the ovary or RI is
therefore of no value in diagnosing PCOD. A considerable number of PCOD patients (25.5 - 40%) have
normal sized ovaries so the size of the ovary is neither a specific nor semsitive criterion for ultrasonic
diagnosis of PCOD (Yeh et of 1987, Puzigaca ef a/ 1991). Yeh er af. (1987) described ovarinn cysts in
general and divided them into: (1) developing follicles (0.4 - 1.4 cir in size) which is characteristic of
PCOD; (2) maturing follicles (1.5 - 2.9 cm) which were much rarer in PCOD patients than in normat
patients (13.5% vs 36%); aund (3) follicutar cysts (> 3.0 cm) which had the same frequency in PCOD and
normal subjects. Ovarian cysts range in diameter from 2 - § mm and may be arranged in the periphery of
an ovary or through the parenchvma with more variability in size. High-resoluton, real-time sector
scanning improves the accuracy of ultrasonic (exture evalation of the ovary, differentiating  from bowel

loops, and enabling the detection of much smaler ccho-free cystic functional structlures (Swanson et of
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1981; Campbell ef af 1982; Parisi ef al 1984, Orsiui ef af 1985, Yeh et ol 1987; Rajanasakul et al 1989,
AbdelGadir ef af 1991) than with the static B-scanncr.

The preoise diagnosis of PCOD depends on histologic findings of follicular cysts and increased stroma of
the ovaries that are uswally but not always enlarged. These ate features that can be identified, using high
resolution US of the ovarics (Adais ef of 1986a; Faure et af 1989; Rojanasakul ef a/ 1989} as numerous
small cystic stractares surrounding an  echogenic area at the middle representing the dense stroma.
Various other uitrasonic patterns could be due to patient selection, stages of the disease, differont US
machines and examiners (Rojanasakul ef @/ 1989). The most important morphological feature is an
increased number of developing follicles, usually > 5 in each ovary which was found 1o be 82.4%
sensitive and 100% specific with an overall diagnostic accuracy of 85.9% for PCOD (Yeh ef af 1987),
In gencral, it can be concluded that the presence of multiple small cysts of the ovaries in women with
menstrual irregularitics should tead to the suspicion of PCOD while the prescnce of a solid structure does
nol exclude (his condition. Difficuliics could be found in identifying the ovaries in exiremely abese

paticnts or if there has been previous pelvic surgery.

Methods which have bsen suggested for better diagnosis of PCOD iuclude (i) scanning ovaries {rom
varions angles by placing the transducer on every part of the lower abdomen; (i) scanning ovaries
thoroughly and caretully by sweeping from one edge of ovary to the other edge slowly; (iii) adjusting the
gain setting for each paticnt to optimize follicular visualization; (iv) appropriately distending the bladder
and (v) using a small part scanner when ovaries ate superficially located (Yeh ef o/ 1987). It is well
known that the ovarian location, the uterine position, the degree of bladder distension and bowel [ulluess

are more common limiting factors than ovarian size itself in ultrasonic visualization (Orsini ef a/ 1985),

Earlier studies of PCOD focused on ovatian morphological findings which were considered to be an
important criteria. It was then found that PCOD changes of ovarics were often associated with other
well-defined discascs such as Cushing's Syndrome and other endocrine disorders (Ardaens et al 1991) or
adrenal or ovarian tumowis capable of producing androgens (Parist ef o/ 1984; Taketani, 1990). Women
with weight-loss and hypothalamic amenorrhoea, usually have a multifollicular ovarian appearance with
normal stroma on ultrasonic examnination, Ovaries are normal or slightly enlarged filled with > 6, 4 - 10
mum follicles but unlike PCOD paticats, they are not hirsute and their Gn are normal (Adams ef al 1985),
It was therelore generally agreed to consider ovarian imaging as complementaiy 0 endocrine evaluation
(Parisi ef of 1984; Tucker ef al 1984; Dolyan et al 1989; AbdelGadir et al 1992b) and it also helps to
predict the response to therapy. About 22% of females wilh other endocrinopathics would have been

mistakenly diagnosed as PCOD if US diagnosis had been used as the sole diagnostic criterion (Insler &
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Lunenfeld, 1990; AbdelGadir et af 1992a; AbdelGadir ef af 1992b; Anitila et af 1992). Uterine scanning
for evidence of endometrial masses was emphasized (Swanson et a! 1981} to exclude endometrial
carcinoina.  Some guthors suggested MRI as a betier contrast-resolution is obtained which enables
visualization ol organ structures not scen with other techniques. Magnatic resonance irnaging showed
superiority in dotecting PCOD morphology over US (Faure ef af 1989). As iypical findings arc often
scen in US or MR, there is still heterogencity (Faute ef af 1989; Quartero ¢f af 1989). However, recent
technological advances in US and specifically the advent of high frequency trans-vaginal US is of
patticular value in the study of PCOD.

Recently many authors have favoured the vaginal ultrasonographic approach aver the transabdominal
approach for increased facility in establishing the diagnosis (Gindoff & lewelewicz, 1987, Ardaens et af
1991). The typical appearance of PCQ by vaginal US shows the subcapsular follicnlar cysts in a "pear]
necklace" pattern around the periphery of the somewhat enlarged ovaries (Dunaif, 1992b). Vaginal US
was found helpful to diagnose PCOD in 44% of a study population with a history of recurrent
miscarriage {Tulppala ef o/ 1993)., Ardaens ef @l {1991) conducted a stady through which they
evaluated the superiority of vaginal over abdominal US for PCOD diaguosis. Vaginal US allowed a
botter analysis of the ovarian stroma as it improved the wlirasonic study of intcrnut PCO criteria.
Increascd ovarian stroma scoms to be the most scnsitive and specific sign of PCOD (incidence 64.5% in
vaginal US vs. 15.1% abdominal US)., While abdominal US allows correct measutement of ovarian
sizes, which is less accurate with vaginal US, not all PCOD ovaries are entarged, Abdominal US is
difficult to perform in obese patients especially to visualize the stroma and to detect the microcysts but
this is more feasible with vaginal US, The criteria used to diagnose PCO by vaginal ulrasound wore :
() cross section > 10 cm? (increased ovarian arca); (if) Utcrine volume/ovarian length < 1; (iii) RI > 0.7
(excessive rounduess index): (iv) nmnber of follictes > 5 (PCO appearance); and {v) increased amount of
hyperechoic stroma. Stroma was considered abmormal when it was mainly central with an area
exceeding that of microcysts that were pushed together towards the ovarian periphery and/or when it was
dense with cnhanced microcysts whose walis appeared thickened. Although vaginal US is superior in
defeciing the slromal density and especially helpful in obese patients, it has its limitations in
measarement of longer ovarian axes and in visualization of superficially located ovaries. Hence the
authots emphasized the need for abdominal US belote scanning (he patients vaginally but they did not
recomunend a scanning systen: because the various parameters were not cqual in terms of specificity and
sensilivily. In comclusion, a wide spectrum of US ovarian findings can be demonstrated in PCOD

extending from apparently normal to markedly enlarged cystic ovaries, but only a limited part of this
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spectram is covered by the classic sonographic picture of ovaries, and uterine volume and the uterine

volume/ovatian length ratio should be included to improve the diagnostic accuracy of US.

2.5 HISTOPATHOLOGICAL FINDINGS

Diagnosis need not depend on ovatian size or specific clinical presentation but the final analysis can be
made histologicatly following mricroscopic examination of the tissue. Polycystic ovaries may occur in
normal sized or enlarged ovaries with common macro and microscopic findings (Ginsburg & Havard,
1976; Schwartz ¢f of 1987, McKenna, 1988; Insler & Lunenfeld, 1990). The pathological spectrum

extends from normal sized to massively enlarged ovaries,

The typical PCO has been traditionally described as being grossly enlarged, pearly white and with a thick

capsule and numerous subcapsular cysts {lusler & Lunenleld, 1990),

Stein and Leventhal (1935) described the ovaries of their patienls (n = 7) as enlarged with thickened
tunica albuginea, where the only consistent pathological findings in ail their biopsies were the presence
of follicular cysts lined by theca cells and a thickened tunica. Gotdzieher & Green {1962) examined in
detail the histological features of ovaries from 18 PCOD patients and a thickened tunica albuginca was
the most noticeable feature and was ahinost invariably present. ‘the thickening resulted from an increase
in the number of collagen fibres which resulted in a thickened capsule surrounding the ovary (normal
ovarian capsule was found to be approximaicly 100 u wide while in PCO the thickness was 2-6 times
that). Therc were numerous graafian follickes in all stages of development and atresia except for the pre-
avulatory stage. Carpora Tutea were seen in only 2 ovaries (11%). There were 1o consistent stromal
changes. A thickened tunica was thought to be unlikely to cause a hormonal disturbance in PCOD but

excess androgens in the circulation might cause capsular fibrosis.

There were variations in the histological pictures of 9 wedge rescetion biopsies cxamined (lbrakim er of
1966) but the main features included: (i) thickened tunical albuginea (up to 10 times the normal) while
increased fibrosis was not prominent; (ii) Lthe presence of numerous small follicles and a thin layer of
granuiosa cells situated all around and under the ovarian capsule; (iii) other less characteristic features

included hyperplasia and luteinization of the theca interna cells,

Berger ef al. (1975) divided the patients inic two groups according to ovarian pathology : (I) typical -

“Type I’ markedly cnlarged ovaries (2-4 timnes the normai size) with multiple follicular cysts visnalized
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underneath the fibrotic ovarian cortex with thickened capsule and usually huteinized follicular cells with
stromal hyperplasia; (11) atypical - “Type 11" small to slightly enlarged ovaries with sub-cortical cysts and
thickened capsules. Histologically, stromal hyperplasia and thecal luteinization were occasionally
observed in type O PCO. Morphologically, the ovaries may be small and sclcrocystic or cnlarged,
Capsular thickening is variable but was nol always present. Subcapsular fibrosis and cyst formation (4 -
10 mm in diameter) were always present and were characieristic of the syndrome, int both large or smatll
ovaries (Ginsburg & Havard, 1976; Parker ef al 1980); Schwartz et af 1987, McKenna, 1988; Insler &
Lunenfeld, 1990); even a unilateratly enlarged avary was rcported (Parker et 4/ 1980). Typically, no
corpora lutea and/or corpora aibicantia were scen (Schwartz er af 1987), although corpora futea were
reported in 11% of the series of Goldzicher & Green (1962).

The sterotdogenic capacities of isolatcd granulosa and theca cells from mid-antral follictes (4 « 7 mm in
diameter) of PCOs were studied and compared to those of normal ovaries (Wilson ef o/ 1979). The
findings strongly suggested that the mid-antral follicles of PCOs were normal and the authors concluded
that chronic anovulation in PCOD patients may not be causally connected with an inherent endocrine
abnormality in the theca and granulosa cells of the developing follicles. Chronic anovulation is not dug
to deficiency in the steroidogenic potential of the follicles or to a deficiency of Gn receptors on PCO
follicular cells but tonic elevation of serurn LH may cause down regulation of its own receptors leading to
atresia of granulosa cells, lutcinization of theeal cells and accamulation of small cystic follicles in the
ovarics (Rajaniemi et a/ 1980). The pathogencsis of development of cularged ovaries in PCOs is
unknown and little information is available to correlate biochemical and histological parameters, This
task has gained the special interest of some investigators. Goldzicher & Green (1962) failed to find 2
corrclation between the thickness of the capsule and the clinical findings, severity of symptoms and the
advancement of the disease. Ovarian hyperandrogenism can be associatcd with histologically normal
ovaries (Kim ef a/ 1979). Some investigators have proposed that the initiation of ovarian enlargement
{involving theca ccll hyperplasia and theca luteinization) in PCOD is caused by excessive Gn, especiatly
excess LH, (Gambrell ef af 1973; Givens ef al 1976; Kim ¢f a/ 1979; Rajanieni ef al 1980, Yen, 1980,
Conway ef al 1989) and the associated excessive androgen production, where the amount of ovarian
androgen production may paratlel the degree of histologic change (Kim ef af 1979). Histologic changes
under the effect of long-term androgen (T) treatment were studied in 10 pationts who underwent sex
reassignment surgery. The findings were compared to those among PCOD patients and 2 normal
control group {(Amirikia ef a/ 1986). It was concluded that exogenous androgen cun thicken the tunica
albuginea and basal membrane giving similar histologicat changes to those seen in PCOD ovaries under

excess endogenous andirogen production,
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A ditect action of excessive androgen on the ovaries may account [or capsular fibrosis (Yen ef af 1970b).
As citlargement occurs, the increased steroid production may lower LH sceretion to normal, There may
be also a concomitant increase in sensitivity of the ovary to LH as hypcrplasia progicsses (Givens ef af
1976). Other investigators (Schwartz et of 1987) found no corrclation between LH and ovarian size and
suggested that the gross enlargement of the ovarics was a manifestation of a prolonged period of
anovulation and was of no diagnostic value in classifying patients into subgroups of the syndrome. Some
authors considered hyperthecosis as one of the histological manifestations of PCOs (Inster & Lunenfeld,
1990). Polycystic ovaries classified as Group 1 liyperthecosis or called thecosis interna consisted of
bilateral multiple follicular cysts and superficial collagenization with persistoncc and predoninance of
normal or altered theca interna but with no stromal theca cells (Fienberg, 1981), i.e. theea interna
hypetplasia of the ovary (Futterweit, 1984). On the other band other authors questioncd whether
hypertheeosis is one of the inherent morphological features of PCOD (Insler & Lunenteld, 1990; Sperofl
ef al 1983) or represents a completely separate entity {Insler & Lunenfeld, 1990) with diffuse
hyperplastic ovarian siroma rather than limited o theca interna as in PCOD (Atwan ef o/ 1978), Some

or alt morphotogical characteristics of PCO car appear in individuals who certainly do not have PCOD.

Polycystic changes of the ovaries arc also found in association with Cushing's Syndrome, CAH, adrenal
and ovarian tumours (Insler & Luncnfeld, 1990) and in wornen with inorbid obesity except for the lack of
cystic appearance (Fisher ef ol 1974). It should be emphasized that histological changes in the ovaty are
not present in all PCOD patients. Variations do occur and may be related (o the variable clinical and

laberatory manifestations of the syndrome (Yen, 1980).

2.6 GENETIC INHERITANCE

Polycystic ovarian discasc is thought o be duc to genetic rather than environmental causes. It has been
shown in cylogenic studies that: (i) andragen binding protein is present in the cyst fluid of patien(s with
PCOD; (ii) defects in aromatization mechanisms that interfere with. conversion of C-19 oxygenated
steroids into ocslrogens occar , (tii) chromosomal abnormalitics exist , and (iv) there are ocowTence of

familial cases (Parker ef af 1980),

Most women with PCOD have a normatl 46, XX karyotype (Yen, 1980). 1t is possible that in some cases
an autosomal anomaly can lead to PCOD (Schwartz et a/ 1987) although a typical and consistent

cliromosomal abnormality is not associated with PCOD., Parker «f of. (1980) catried oot cytogenetic
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stucties in 15 PCOD patients; 5 of them showed trisomy 14 in 2 - 4% of their cells, which was considered

to be significant as such an occurrence is rare in the general population.

The relationship to HLA has aided in understanding the genetic transmission of an inherited disorder.
Congenital adrenal hyperplasia (210H deficiency) Itas close genetic linkage with IILA on chromosome
no, 6 (Ilague et of 1989). Several authors have described the association of CAH and 'COD. Broster ef
al. (1938) was the {irst to suggest the association of CAH and PCOD. Hague et ol. {1989) reporied a
6.4% incidence of PCOD paticnts with evidence of 210H deficiency, The same author (Hague et af
1990) showed a similar association in post-puberlal females (76%). Cystic ovarian changes were
diagnosed in the majority of CAH patients (Eden ef al 1989¢; Levin ef af 1991; AbdelGadir ef al 1992b)
and the last avthors also found that the PCO appearance persisted ever after normalization of androgens
with corticosteroids. Yen (1980) proposed that PCOD could be inherited as an x-linked disorder and the
incidence was higher if inherited from the father (Ginsburg & Havard, 1976). As 17 ketosteroid
deficiency could be tansmitied as AR and could be an x-tinked R, the discovery of its deficiency in some
families of PCOD patients might explain the occcurrence of menstrual dysfunction and PCOD (Pang et af
1987, Toscano et ¢f 1990).

In studying the prevalence in familics, Mahesh ef g/, (1978) diagnosed PCOD in 3 sisters, and it has also
been diagnosed in identical twins (Goldzicher & Green, 1962). Mandel ef af. (1983) studicd 4 familics
in whom at least 2 siblings bad clinical cvidence of PCOD. Futterweit (1984) had reconumended
investigating all women with a family history of menstival irregularity for PCOD. In addition, Polson er
al. (1988) found that 44% of women with irregular periods, diagnosed to have PCO by ultrasound, had a
sister or a mother with irregular periods (compared to 4% in those with regular periods). As Hague et af.
{1990) stndied relatives of their PCOD patients, they found that 67% of pre-menopausal mothers and
86% of sisters of PCOD patients were found o have PCO as well.  Although the samiple of familics
studicd was small (4), Mandel e/ a/. (1983) found that PCOD docs not exhibit linkage to the HLA
system. A study of the prevalence of ultrasonically detected PCO in family female members of 59
patients snggested a dominant inheritance of PCOD with variable phenotypic expression, but the

prevalence was higher than expected for either an x-linked or AD inheritance (Hague ef a7 1986).

The occwrrence of hypettension, hyperlipidaemia, hyperuricaemia, IDDM, obesity and acanthosis
nigricans in families with PCOD is of special interest (Yen, 1980). Although there is some evidence of a

genetic factar of inheritance, larger studies are needed to ascertain the mode of inheritance.

78



2.7 DIFFERENTIAL DIAGNOSIS

The so-called “PCO-like Syndrome” (Yen, 1980)

Any condition causing anovulation wilh LH-dependent androgen excess secretion and increased
extraglandular production of oestrogen may result in a gross appearance of the ovaries similar o that
seen in PCOD (Yen, 1980; Futierweit, 1984). Appropriate oesirogen secretion occurs only when FSH-
dependent vrdetly follicular maturalion takes place, Thus, when the LHFSH ratio is increased, often dus
to acyclicat peripheral oestrogen feedback, chronic anovulation with incrcascd ovarian androgen

production cnsucs resulting in a gross appearance of the ovary simtilar (o that scen in (he PCO syndrommc.

Cushing's Syndrome

Oligo/amenorrhoea or menstrual irregularity, obesity and hyperandrogenism occur in the majority of pre-
menopausal women with Cushing's Syndrome (Yen, 1980; Yen, 1986) simulating PCOD. Chronic
anovulation and mensttual irregularity may be due to disturbed cyclical Gn release secondary to central
nervous system defence and/or increased peripheral production of ocstrogens (Yen, 1980). Although
cortisol release is in excess with loss of normal circadian thythm, some degree of sex steroid increase
from the adrenal gland may also be present (Yen, 1980; Yen, 1986). An overproduction of ovarian

androgens due to chronic anovulation may occur leading to the forination of PCO-like ovaries.

Congenital Adrenal Hyperplasia (CAH)

Congenital adrenal hyperplasia is a variety of disorders of adrenal steroidogenesis which result from an
inherited deficiency of one of several enzymes necessary for normal adrenal steroid synthesis (Futterweit,
1984}). The most common detect is that of adrenal 21OH or 3 B-OHSD isomerase enzymes. Severc
hirsutism, menstrua! dysfunction aad infertility with varying degrees of androgen excess, mainly
reflecting adrenal ancdrogens, are present. The differentiat feature fronr PCOD is the marked elevation of
17 a-OHP and P both basally and in responsc to ACTH stimulation (Yenr, 1980; Futtenweit, 1984; Yen,
1986; Levin et af 1991). The clovated androgens are readily supprosscd by DXM and stimulated by
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ACTH. The deficiency of 3 B-OHSD can be manifested with elevated LH.FSH ratio, decreasecd SHBG
and androgen oxcess (mainly delta 5 androgens - DHEA, DHEA-S and androstenediol) (Yen, 1986).
The diagnosis is made by ¢levation of plasma pregnenolone, 17 a-hydroxypregnenolone, DHEA, DHEA-
S with relatively low levels of delta 4 compounds such as P, 17 «-OHP and A (Futterweit, 1984).

Androgen-producing Tumours

Vitilizing_ovarian and adrenal_tummonrs”.  Several fypes of ovarian and adrenal tumours produce
androgens and cause chronic amovulation and often viritization. These tumours inchude “hilar cell
tumowss”, "atrhenoblastoma" (Sertoli-Leydig ccll tumours), "benign cystic teratomas”, "luteivized
thecoma", "adrenal nest tumours of the ovary”, and "adrenal adenoma" and "carcinoma” (Yen, 1980,
Yen, 1986). Aany rapidly progressing hirsutism in association with amenorrhoea and cliteromegaly is
highly suggestive of a virilizing tumour, Markedly elevated plasma T values may be diagnostic
(Futterweit, 1984). Therefore adrenal and ovartan ultrasorography and adrenal CT scauning will be of

great help in localizing the tumour.

Oestrogen-producing Tumours

Granulosa-theca coll tumours are the most common hormone-producing neoplasims of the ovary,
acconniing for 15 - 20% of all solid ovartan tvmonrs (Yen, 1986). These usvally produce mainly

oestrogen but frequently also produce androgens.

Ovarian hyperthecosis

The term “hyperthecosis” is a non-neoplastic pathologic lesion of the human ovary, characterized by a
diffuse hyperplastic process in. the htunan ovary resulting in diffusely distributed islands of luteinized
thecal cells throughout the ovarian stroma (Yen, 1980; Fienberg, 1981; Yen, 1986). The clinical piclure
is usually composed of severe hirsutisim, mild cliteronegaly, obesity, temporat balding, oligomenorchoea
and resistance to clomipliene therapy (Futterweit, 1984). ‘I'hey may respond to ovarian wedge resection.

Obcsity, diabetes mellitus and hypertension occur with greater frequency in hyperthecosts.
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Hyperthecosis and PCOD may differ from one another histologically. Islets of luteinized theca cells in
the ovarian stroma arc not present in ovaries of PCOD patients (Yen, 1980, Fulterweit, 1984; Yen,
1986). Therefore, in the absence of a specific clinical or bicchemical differcnce between the two,

hiyperthecosis should be included witlin the spectrumn of PCOD (Futterweit, 1984).

Hyperprolactinaemia

Altliough the clinical piclure (hirsatism, seborrhoea, with or without amenorthoea and galactorrhoea)
may resemble PCOD, the presence of hyperprolactinaemia, normal or low Gu levels, and selective
increase of DHEA and DHEA-S distinguishes Lhose patients from those with PCOD {Yen, 1980; Yen,
1986).

PCOD-like syndrome due to hypersecretion of T.H and PRI. is relatively rare (Yen, 1980). Clinically, thc
patients present with hirsutism, infrequent menses and galactorrhoca. Laboratory studies showed
hyperprolactinaemia, with inappropriate elevation of LH and low HSH levels. The actiology is unknown,
Luteinizing hormone and PRL levels showed a marked decline following dopamine infusion, a response
similar fo that found in hyperprolactinacmic and PCOD patients. Trcatment with bromocriptine results
in normalization of PRL but not LH (Yen, 1980).

Hyper/Hypothyroidism

Marked chasges in SHBG and sex steroid metabolismt and secretion could result from an excess or
deficiency of thyroid hormones resembling PCOD, Plasma T concentrations are clevated in
hyperthyroidisimt and a significant increase in ilte conversion of T fo A occurs (Yen, 1980). There is an
increase in circulating ocstrogen levels in hyperthyroidism resulting from peripheral conversion rather
than from direct glandular secretion. Chronic oestrogen elevation resulis in anovulatory cycles through

inappropriate feedback and elevated LH.

In hypothyroidism, the MCR for T is increased due io the reduccd SHBG while the MCR for A is
normal. The conversion of A 1o T is increascd and, consequently, an increase in the conversion of T to

E, occurs. Iowever, the metabolism of E, appears to be aliered as well, since preferential 16-

hydroxylation takes place with the formation of E, instcad of E, (Yen, 1980). Ocstriol is less potent than
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E: in feedback regulation of Gn secretion resulting in clivonic anovulation and/or menstrual disturbance

(Yen, 1980). Exclusion of thyroid dysfuniction in suspected cases is relatively apparent,

Ediopathic hirsutism

This is defined as hirsutism in women with relatively normal T levels and regular mensirual cycles (Yen,
1986). Hirsutc women with normal serum T Revels may have hyperscositivity of lie larget cell to
androgens, due 10 increased Sc-reduction of T to DHT or may be due to a primary increase in the
concentration of androgen receptors. The androgen receptor is nol regulated by androgens in the skin in
confrast 1o the 5x-R activity which incrcases androgen action in androgen stimulated areas such as pubic
skin (Futlerwelt, 1984; Ycn, 1986). The degree of hirsutism correlates with the relative rate of
conversion of T to DHT (5¢-R activity). The mechanisin, which accounts for the incecased So-R activity
remains to be clarified. Althongh the majority of PCOD patients have elevated circvlating androgen
levels, up to 30% are not hirsute (Futterweil, 1984). This sensitivity may be determined by the target

tissug,
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CHAPTER THREE - CLINICAL AND LABORATORY
PROCEDURES

3.1 PATIENTS

3.1.1 INCLUSION CRITERIA

Patients were selected according to the following criteria :
1. Agcless than or cqual to 38 vears

2. Menstruat cycle > 41 days (oligomenorrhoeic)

3. Infertile (primary of sccondary iuferlilitly)

4. Laparoscopy or liystrosalpingogram, carried ont within the last three years, indicating normal pelvic

organs and patent fallopian tubes

3.1.2 SOURCES OF RECRUITMENT

The patients in this study were recruiled from the spocialized Infertility and Reproductive Endocrinology

clinics at ;

Glasgow Royal Inflirmary (GRI), Glasgow Western Infirmary, and Royal Alexandra Hospital, Paisley.

All cascs were managed at GRI.

A number of obese patients was included to allow for the analysis of the role of obesity in the

pathophysiclogy of PCOD.
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3.1.3 PATIENTS CLINICAL DATA

For all patients selected, the folowing data were collccted and recorded in the “Patient Infertility Sheet”
(Appendix 1}

Name of the paticnt and her partner, residency and telephone number

Ape at menarche

Menstrual and obstetric history

Duration of infertility

History of medication and response

Onset of symptoms in relation to menarche, marriage, childbirth, use of contraceptives ... etc.
Progression of symptoms

Detailed family history.

All of (he paticnis had a gencral examination with speciat cmphasis on ;

BMI

Thyroid enlargement
Galactorrhoca

Abdominal masses

Hair distribution

Signs of other endocrinopathies

Pelvic examination.

Androgenization was assessed using the Fertiman & Gallwey scoring systein and hirsotism was

diagnosed when the score was > 7. Virilism was diagnosed if one or more of the following clinical

features was present :

Clitoral hypertrophy
Breast atrophy

Male-type baldness
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o Deepening of the voice.

3.1.4 PATIENT INFORMATION SHEET

Once a syitable patient was found, a “Patient Information Sheet” was given to her. This information

sheet confained simple descriptions of the procedures aitd the tests to be cairied out (Appendix ),

3.1.5 THE CONSENT FORM

The study protocol was approved by the Ethical Committee of the Greater Glasgow Health Board, An
informed written conscnt was obtained in each casc bofore proceeding to the investigations. It was
clearly stated in the consent that the patient could withdraw from the study at any tine without

jenpardizing her future follow up or treatment (Appendix TTT).

3.1.6 CATEGORIES OF PATIENTS

Patients recruited according to the above mentioned criteria were defined to have polycystic ovarian
disease by the presence of at least 2 of the following diagnostic crileria ;
1. Clinical diagnosis.
‘T'he patient showed some or all of the symptams and signs of PCOD. These inchude
i- menstrual irregularity
ii- hyperandrogenization
iii- primnary or sccondary infcrtility
iv- obesity.
2. Ultrasound diagnosis.

Ultrasonographic examination of ovaries showed at least two of the following ;
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. . 3
i- ovarian volume > 9.0 cm

ii-> 10 follicics of 2-8 mm, periphceraily or centrally distributed in the ovariun stroma, at any cut

section, in One ovary.
iii- thickencd ovarian stroa.
3. Biochemical diagnosis.
The patient showed some or all of the following bicchemical criteria

i- LH ; FSH ratio > 2:1 during the carly follicular phase (between day 3-8) of the menstrual

cycle
ii- T or A levels above the upper limit of normal vatues of the biochemistry laboratory at GRT

iii- FAI > 4.5.

3.1.7 PATIENTS RECRUITED TO THE STUDY

The aim of the study was to recruit about 150 patients in order to achicve hopetully signilicant answers (o
the objectives of the study (Section 1.4). During the study workshop time scale, 1993-1995, about 150
patients were interviewed in the 3 hospitals allocated for recruitiment of patients through their specialized
“ Infertility and Reproductive Endocrinelogy Clinics . In spite of hmge effort and time spent and
persistenice, and due to problems of recruitment, oniy 42 patients who agreed 1o participate in the study

were lound (o salisfy the inclusion criteria.

All patients gave blood samples and underwent US scans (Section 3.3.3 and 3.3.5). However, only 34
patients had 2 SITTs performed (Section 3.3.8.1). The rest of the patients did not nnderge the test
because of either patient’s refusal to underge this invasive test or for logistic reasons as the patic

prescnied late, in the last few months of the study time-scale.

All data represent all of the patients for all hormones except ¥GF-1 which was carried out for only 18
paticnts. This was due to laboratory through-put problems within the time scale of the study for IGF-1

assay. "I'he remainder will be assayed and analyscd for future publication purposes.

One patient had failed to continue the S-week longitudinal observations, therefore, she was excluded

from the relevant analyses (Chapter Six).
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Eleven out of 34 patients, who were chosen randomty, underwent the post-heparin HL test (Chapter

Seven). The sample was small due to logistic reasons.

3.2 CONTROLS

3.2.1 INCLUSION CRITERIA

‘the “vohmiteers control group™ were recrnited according to the following inclusion criteria :

t. Age matched {0 the patients

2. Menstrual cycles regular (i.e. between 24 and 35 days)
3. Preferably parous (i.e. no difficulty in getting pregnant)
4. No contraceptive pills for at least the last 2 months

3. Physically and mentally normal

6. Included a group of lean and a group of dbese (BMI = 29) volunteers.

All “control group” subjects had regular menstrual cycles and were studied during the midfollicular and
midluteal phases of their menstral cycie. None was hirsute, or had diabetes mellitus. Nonc had

received any hormonal medication within the last 2 months before being studied.

3.2.2 SOURCES OF RECRUITMENT

The control group consisted of regularly menstruating volunteers who were students, hospital staff or

were recruited from local Healtl: Centres.

3.23 CONFIRMATION OF OVULATION

The mean plasma concontrations of E,, LH, FSH, T, SHBG and FAIs of the control group in samples

collected during the carly follicular phase arc shown below., Owvulation was docuinented in the same

87



group by a typical rise in E, and a rise in plasma P values during the midlateal phase. One of the

controls (n = 20) was excluded because she did not ovulate during the monitoring period as indicated by
the midluteal plasma P (1.6 ng/mL) (Table 3-1).

Table 3-1; Follicular & Luieal Phuse Endocrine Data in the Contrel group
Follicular Phasc Lulcal Phase
L, { pe/mL} 6500 + 342(25-145) 91.15 +39.35 (47.5 - 215)
LH (TU/L) 5253 +4.390 (1.60 - 19.8)
FSH ( UL ) 5.150 4 1.730 (2.95-9.85 )
LH/FSH ratio 1070+ 0.799 {0.281 -3.47 )
T (nmol/L ) 1.529 +0.928 (0.30-3.20)
SHEG (nmol/L) 62.53 & 25.77(28-120)
VAL TT/SHBG x 100 ) 2.904 * 2,125 ( 0.361 - 8.00)
P{ng/mL) 12.20 £7.16 (4 - 26.0)

3.2.4 CONTROLS RECRUITED TO THE NSTUDY

There was difficelty in recroiting weight-matched controls with normal and regular menstmal cycles.
Omnly 20 controls agreed to participate in the stody. However, one control was cxcluded after
invostigation; retrospectively she was found to have irregular menstrual rhythm rather than normal

cycles.

All the controls agrecd to undergo the blood tests and to have 2 SITTs but unfortunately, were rehictant
to havc US scans. Therefore, the literature data for normal 1S observations were used for reference for
this study.

3.3 PROCEDURE OF INVESTIGATIONS

3.3.1 ANTHROPOMETRIC MEASURES

Body mass index was calculated as weight (kg) divided by height (m) squared (BMI = wt/(height)?).
QObesity was defined as BMI > 29 Kg / m
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Waist/hip ratio was calcniated from the circiumnferences measured in duplicate in the supine position
(waist : midway between the lower 1ib margin and the iliac crest; hip : widest circumference over the

great trochanters).

3.3.2 ENDOCRINE INVESTIGATIONS

Blooxl for the endocrine measurements was obtained in a standardized manuer between 08:00 - 10:30 h.
Qecsiradiol was measnred using a competitive fluoroimmmunoassay {Delfia Estradiol, Watlac ).td, Turlm,
Finland). Luteinizing hormone, FSH, SHBG and PRL were assaved using noncompetitive sandwich
fluoroimmmmnoassays (Delfia hlLH, Delfia h#SH, Delfia SHBG, Delfia PRL; Wallac Lid, ‘Turku, Fintand),
Testosterone, A, P, cortisol, 17o~-OHP, I, GH and C-peptide were measnred using competitive
radioimmunoassay (Coat-A-Count TT Kit, Coat-A-Count A, Coat-A-Count P, Coat-A-Count cortisol,
Coat-A-Countt 17a-OHP, Immulite I, Double Antibody Hutnan Growih Hormone, Double Antibedy C-
Peptide Kits; Diagnrostic Praducts Corporation, Los Angeles, CA, USA). The FAI or the FTI was
calculated as T concentration (nmol/L) x 100, divided by SHBG concentration (nmol/L).
Dehydroepiandrosterone sulphate (DHEA-8) was measured using competitive radioimmunoassay
(ImnmuChem™ DHEA-S Coated Tube Kit; ICN Biomedicals, Inc., Costa Mesa, CA, USA). The IGF-I
was assayed using competitive radiotmmunoassay {(IGF-I/Somatomedin-C Coated Tubg RIA Kit; Euro-
Diagnostica B.V., Health Care Biolcchnology). Plasma glucose was measured using (he ghucose oxidase
method (Ghucose Reagent Kit - Olympus AUS5200, Olympus Optical Co Ltd ). Triidothyronine, T4 and
FT4 were measured using chemihmninescent enzyme immunoassays (Immulite Total ‘I3 and Immulite
Totat T4 Kits; Diagnostic Products Cotporation, Los Angeles, CA, USA). Plasma leptin concentrations

were measured in duplicatc using solid~-phase '**I~radioimmunoassays (Linco Research, St. Charles, Mo).

Oestradiol values were expressed in pg/mlL. The standard values for LH and FSH were expressed in JU/L
calibrated against the WHO 2nd International Standard (IS) for pitnitary LI for imirunoassay (80/552),
and the 2nd International Reference Preparation (IRP) of pituitary FSH/LH (CSLI), human, for bioassay
{78/549), respectively. The values for PRL (inIU/L) and hGH (ng/mL) used the 3xd IS for PRYL, (84/5G0)
and Ist IRP of human GH for immunoassay (66/217 and 80/505), respectively.

Hepatic lipase was assayed ir post-heparin plasma. In this assay, gum arabic stabilized TG etuision
containing glycerol ti [I-"*C] oleate at a specific aclivity of 30 uCi/mmol TG [atty acid was use as

substrate. The fatly acid products of lipolysis were caplured by bovine serwin albumin, extracted from the
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plycerides and counted by liquid scintillation, The activity of HL. was assayed in the presence of 1.0 M

NaCl to inactivate lipoprotein lipasc. Enzyme activitics are expressed in innol of fatly acids released per

hour per mL of plasma (nmolFA/mb/h),

The botween- and within-assay cocllicients of variation for the hormones are lisied in Appendix IV,

3.3.3 TIMING OF INVESTIGATIONS

The investigations were started at least 14 days after the last menstrual peried in oligomenorrhoeic

Cascs

For those cases who had prolonged periods of amenorrhoea, a blood estimation of E, and a pelvic
ultrasound scan were carried out randomly. The Investigations usually started once E, concentrations

were found to be < 100 pg/mL and the ultrasound scan showed no follicles > 10.0 mm in diameter.

Controls with regular menstrual cycles were staried in the follicular phase (i.¢. between days 5-8),

3.3.4 FIRST VISIT TO THE CLINIC

During the first visit the following were caried out :

1.

2.

6.

Recruitment of cases according to inclusion criteria
Simple introduction to the study

The “ Patien{ Infertility Sheel ” was completed

Bloed investigations and ultrasound scans were arranged
Semen analysis was checked

The “ Patient Information Sheet * was handed aver

The patient was consented when appropriate (i.¢. if inclusion criteria were fulfilled).
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3.5 LONGITUDINAL INVESTIGATIONS

The basic duration of the investigations was 5 wecks for oligo/amenorrhosic cases.

3.3.5.1 Day One
An endocrine profile was performed to establish the circulating levels of :
1. ESH,1H, E,, TT, SHBG, FAl, A, 17a-OHP, DHEA-S, cortisol, PRL and thyroid function tests

2. First SITT was performed (as described in 3.3.8.1)

3. A basic pelvic ultrasound examination (transvaginat ulteasound) was performed, identifying

specifically the ovarian volume, echiogenicity, stromal thickness and the presence of microcysts.

3.3.5.2 Weceks (1-5)

All patienls were monitored for any ovarian activity twice weekly by measuring plasma E, levels and

once a week by an ultrasound cxamination, The monitoring was carried out for 5 weeks.

Il' E, concentrations and/for the uktrasound scan indicated no ovarian activity, the I, sampling was

terminated and the SITT was repeated during the 5™ weck.

If E, concentrations and/or ultrasound scans indicated any ovarian activity at any stage during the 5 week
period, then E, was shified ta daily estimations and the ulirasound examination for follicular waturation

and ovulation was performed as required over the following 2 wecks, At the midluteal phase seruin P

concenlrations were eslimated and the SITT was repealcd.

3.3.6 ASSESSMENT OF LUTEAL FUNCTION

Ovarian activily was monitored twice weekly by measuring plasma E, levels. The monitoring was

carried out for a maxinmum of 5 weeks.
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If E, levels indicated ovarian activity at any stage during the S-week period, E, was shifted 1o daily
meastrements. Ovulation was defined by the occurrence of an “LH surge” followed Ly a significant rise
in P (= 4.0 ng/ml. ). The “LH surge” was diagnosed by the presence of at least daubling of the preceding
LTI values from one sample to the next {0 a concentration > 10.0 IU/AL, Evidence of adequate
Inteinization was confirnred if a single P concentration of > 4.0 ng/ml was detected, 48 hours after the
“LH surge”. At midluteal phase serum P concentration was estimated to assess hiteal function. This
required a sample to be taken between days LH peak +4 and LH peak +9 inclusive. The mean of the
samples at the follicular phase represent the mean of all the samples of the observation period for those
who did not ovutate, and the mean of all samples of the follicular phase calculated at least 2 days before

the LLH surge for those wlo ovulated.

3.3.7 ULTRASOUND SCANNING

3.3.7.1 Ultrasound Scanner

Ovarian nltrasonography was performed using a Siemens P/C, Sonotine SL-1 machine, Serial No. NM
80460 using sector real-time transvaginal transducers of frequencies of 5.0 and 7.5 MHz. The machine
was equipped with a Polaroid Camera, 35 mm SLR - Camera adapter. All ultrasound examinations were

performed by one operator (HA).

Vaginal US allows a much more precise analysis of internal ovarian morphology to be performed. As the
probe cun be brought closer to the ovaries, than by abdominal ultrasound, higher ultrasound frequencies

(5.0 to 7.5 MHz) can be used, yielding high resoluntion ovariau pictures.

3.3.7.2 Technique of Ovarian Ultrasonography

Pelvic scans were carried out vaginally. This technique docs not require the full bladder which is
neecessary using the abdominal ultrasonnd technique to displace the gas-containing bowel out of the
pelvis. A special vagiual probe was uscd, covered by a clean condom, changed after cach paticnt, and

smeared with a jelly at its apex.
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The uterus was identified, and the more transonic structures, the ovaries, were identified on either side of
the uterus. The right and the left ovary were both examined. The following sonographic {indings werc

recorded :

1. Ovarian volume = length(d,)/2 x width(d,)/2 x thickness(d;)/2

2. The greatesi number of eclto free, round, or ovoid translucent stractures known as follicles, < 10 mm

in size, in one 1S plane was recorded, regardless of their distribution

3. Presence or absence of hyperechogenic ovarian stroma.

Because the ovary is mobile and not spherical, the measurements of the three diameters vary with
position. However, the ovarian volume remains constant, In order to caloudate the ovarian volume, the

following procedure was performed :

When the largest available section of the ovary in the transverse plane had been displayed, the widest
transverse diameter (d,) and the longest diameter orthogonal to this in the A-P axis (d,) were measured.
The transducer was then rotated through 90° and when the ovary was identified in the longitudinal plane

the maximuom vertical diameier {ds) was measured. The procedure took fromn 10-15 minutes per patient.

In order to increase the reproducibilily of scanning, the basal US measnrements of ovarian volume were
repeated on 2 occasions for each patient. The details of the palient’s mcan and coefficient of variation

are listed in Appendix V.,

High-~resolution, real-time US, enables the detection of small cysts (2 to 8 mm) within an ovary. These
microcysts looked translucent on the US screen and may be arranged in the periphety of the ovary or

throughout the parenchyma.

Follicle size was determined from two dimensions, longitudinal and A-P. The mean of thesc two

measurements was taken to be the follicle diameter.

As the evaluation of the ovarian stroma is purely visual, inter-observer bias was prevented since atl scans
were done by one operator. The stroma was considered abnormal when it was mainly central with an
area exceeding that of the microcysts that were pushed together toward the ovarian periphery, and/or
when it was hyperechogenic and dense with enhanced contrast between the microcysts and the stroma,

and/or when it infiltrated the microcysts whose walls appeared thickened,
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3.3.7.3 Ultrasound Information Collected

All patients liad a basat pelvic US examination performed on the first day of invesligations. Ovarian
volume, echogenicity, stromal thickness and the presence of microcysts were assessed. All cases were
monitored for any ovarian aclivity once a week by an US examination, The monitoring was ¢arried out
for 5 weeks. Whenever E, concentrations and/or US scans indicated any ovarian activity during the 5
weeks' period, US examination for follicular maturation and ovulation was performed as required over

the following 2 weeks.

3.3.8 DYNAMIC PROCEDURES

3.3.8.1 Short Insutin Tolerance Test ( SITT )

All subjects were instructed to remain on their usual diet prior o study. None wis known to have
diabetes or impaired ghucose tolerance, and no subject was on any medication affecting glucose tolerance.
Each subject was studied on two separate occasions with an interval of at least 2 weeks for controls and 3

weeks for patients. Human actrapid I ( Novo Laboratories, Nordisk, UK ) was used.

The test was conducted after an overnight fast, between 08:30 - 11:00 hours. The fasting periods ranged
froin 8-12 hours, and the duration of each test was 1 hour and 15 minute. The weight of the patient was
recorded in kilograms. The patient was then asked to lie on a couch, and a teflon cannula {Biovalve
venflon, G:22, Ecouen France, made in Belgium) was inscried into a large antecubital vein. The

following, pre-I injection, blood samples were collected :

1. The basal, “-15” time blood sample, 15 mL, for glucose, I, and E,

2. “-5” time sample, 2 ml., for glucose

3. “0” time sample, 17mL, for glucose, GH, FSH, LH, E,. TT, A, cortisol, 170-OHP, DHEA-S, PRL and

thyroid function tests.

s To arterialize the venous blood, the hand was placed in a water bath at a constant temperature of
43°C, for 10 minute prior to the start of I infusion and kept there umntit the end of the test. To ensuic
that only blood from the hand was sampled, the vein was retrogradely canaufated witlr a butterfly

needle. Total I dosc was calculated as 0.1 TU/K g body weight and diluted in a bag of 100 L normal
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saline. The total calenfated dose of { was then withdrawn from the dilation bag. Insulin was
administered, by constant infusion, intravenously into the teflon cannulta, Timing was calculated in

refation to [ infusion time. Blood was sampled as follows :

e Forglucoseat 1,3, 5,7, 9, 11, 13 and 15 minate (2 mL each), as a standard procedure. Sampling for

glucose was continued at 20, 25 and 30 minute if no symptomatic hypoglycaemia developed.
e Forlat9and 15 ninute.
« For Gt at 15, 30 and 60 minute (5 mL for each sample).

= Samples at 30 and 60 minute for Gn, full androgen profiles, PRL and thyroid function tests. Ten mL

was required for each of these samples,

Blood for ghicose estimation was sampled through the butterfly needle while that for the ormoncs was
sampled through the venflon, Needies were flushed between sampling with normal saline. The fast was
terminated at +15 minute if the patient [ell hypoglycaemic; otherwise the test was continved until +30
minule. A 10-20 mL sample of 50% glucose was injected intravenously (o terminate the cllecl of the |
injection and ihe paticnt was given a snack. All glucose blood samples were placed immediately on ice

un(il analyses.

3.3.8.2 Post-Heparin Hepatic Lipase Activities and LDE Subfraction Distribution

The aim of the heparin test was to correlate the LDL. subfraction distribution and concentration with
anthropometric indices, plasma lipid and lipoprotein concentrations, the activities of post-heparin

lipoprotein and hepatic lipase status in PCOD patients.

Eleven paticnts from the whole study group who presented with oligomenorhoea and with biochemical

evidence of hyperandrogenism agreed (o undergo the plasma lipids study.

Incluston Criteria :
1. Normal FBC

2. Patients who have given their informed cotisent to participate in this study-.



Exclusion Criteria :
As described earlier in Chapter Three plus in addition -

I. Contraindications to inttavenous heparin such us ; sensitivity to heparin, hisiory of any bleeding

disorder (e.g. hucinophilia), recent injury or trauma, Rlicumatic fover or stroke.

2. Patients laking any medicaiion known to interfere with lipoprotein concentralions such as non-

steroidal anti-inflammatory drugs.

The sclected oligomenorrhosic paticnts were advised to fast overnight and requested to report to the
clinic on the following morning during their S-week monitoring period, bringing with them a 24-honr

coliection of urine. Fasting blood (total of 30 mi. in EDTA) was collected for :

» Plasma concentrations of cholesterol, TG and [TDL
o Declermination of VLDL, LDL and HDL subfraction distributions

s Cholesierylesier transler protein activity.

The patients were then heparinized with 70 U/Kg body weight and a blood sample (1€ mk in heparin)
was collected for lipoprotein and HL. All blood samples were placed inunediately on ice. The patients

blood pressure was also recorded on the day of sumpling.

3.3.9 STATISTICAL ANALYSES

Results were analyzed using Student's two-lailed ¢-test ( for paired and unpaired data as indicated ) and
for comparison of means between two groups; Maan-Whitney {-lest was used for vatiables nol normally
distributed. Group differences in caicgory variables were tested with Fisher's exact test.  Pearson
correlation coefficienis were used for simple linear correlations : P < (.05 was taken as significam.
Where such corrclation cocfficients are reporied in any results scotion they were performed using the
Pcarson method. For cvaluating the rclationship between anthropometric, endocrine or metabolic
variables, 1. ¢, if there was a significant impact of BMI[ or WHR on the varigbles, the material was
subgrouped according to BMI into < 29 and = 29 Kg/m? and/or WHR into < 0.8 and = 0.8. A number of
analyses of covariance were used as an alternative method whenever appropriate.  Rosults of all

determinations shown in this thesis are expressed as mean values of the appropriate group of patients or



controls & SD. In all tables wheie figures are showin as “ x £y ™ v represents the standard deviation of

the nean x.

AR statistical analyses were performed using * Prism ", version 2, GraphPad Software, Inc.
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CHAPTER FOUR - BASELINE CHARACTERISTICS OF
PATIENTS & CONTROLS

4.1 INTRODUCTION

‘I'his chapter comprises three main subscctions of investigations : clinical characieristics and endocrine
characteristics in both patient and conirol groups and ulirasonographic obscrvations in the patient gromp
only. Clinical characteristics include age, clinical presentation of paticnts and anthropometric
observations as well as the inter-relationships betwoen anthropometiic and clinical observations. Lhe
subsection of cndocrine characteristics includes data from study group patients and conirols, the
rclationships between  endocring  characteristics and  clinical presentations. Ultrasonographic
ohservations inclnde basal ovarian scan findings and their relationships with clinical presentations

including anthropomeiric variables and endocrine variablcs.

4.2 CLINICAL CHARACTERISTICS

4.2.1 AGE

The characteristics of the study and control populations with respeet to age and smoking habits are
presented in Table 4-F . Tt shows that the mcan age for the patients with oligo/amenorrhoea (ntean =
29.1 years) was lower than that of the control group {mean = 34.0 years). This reflected the difficulties
in recruiting weight-matclied control subjects, There was no difference in the incidence or degree of

smoking between the 2 groups.

Table 4-1 : Charactcristics of the Paticnts and the Controls

Patients Controls P value
n 42 19
Ags 29.07+4.23(21-37) 34.00 £6.57(18-41) 0.0008
Swmokiup, 7.4+ 10.77 (5 - 40) 3.68 £6.63 (5 -20) 0.2021
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4.22 CLINICAL PRESENTATION

Table 4-II sumnarizes the clinical features of the study group, and shows that 35 (83.3%) of the women
had oligoimnenorrhoea, and seven (16,7%) had amenoriltoea. The patients with oligomenorrhoea, showed
different clinical histories in that 18 patients (51.4%) had had the problem since the menarche, seven
patients (20.0%) dated the problem following the use of oral contraceptive pills while 3 of the whole
group (8.6%) started to mnotice the change in their menstrual pattern after delivery. The rest of the
patients (n = 7, 20.0%) were unable 10 date when their mensiroal disturbance started. Primary infertility
was a complaint in 61.9% of the women with oligo/amencrrhoea; the mean duration of the infertility

was 4.31 ycars (ranpe 1-14 years).

Dysfunctional nierine blecding was a complaint in only 5 (11.9%) of those palienls who presented with

oligofamenorrlioea (Table 4-11).

Hirsutism was diagnosed in 26 patients (61.9%) with Ferrinman and Gallwey scores of = 7 points, and 14
(33.3%} of them had more (han ntild hirsutism and virilization. Almost all of the patients had noticed
progression of the symptoms - oligomenorrhoea and hirsntism in particular - with advance in their age,
commonly coincident willt significant weight gain, None of the patienls showed acaniliosis nigricans.

Galactorrhoea was an infreguent observation (4 paticnts, 9.5%).

None of the paticnits or the controls had diabetes meltitus or cardiovascular problemts. A posttive faunily

history of meunstrual irreguiarily was reported in 9 cases (21.4%).

Table 4-11 : Clinical Features of the Patients

Prasenting features (n) ‘Total (%)
Oligomenarhota 35 83.3
Asmenorrhoen { Powary/Sccondury ) 7 16.7
Primary infertility 26 61.9
Sceondary infrtitity 16 38.1
Dysfhnctional bleeding 5 11.9
Androgenization 26 61.9
Vinlization 14 33.3
Galactorrhoca 4 9.5
Ovenveight { BMI 2 25 K/ ) = 374
Obasity ( BMI > 29 Kgfn ) 17 40.5
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4.2.3 ANTHROPOMETRIC OBSERVATIONS

The BMI for the patients was not significantly higher than that of the control gronp. However, the mean

value of the patients' WHR was significantly higher than that of the control group, indicating different

weight (fal) distribution between the patients and the conirols (Table 4-111).

‘Fable 4-111 : Anthropometric Observations

Patients Controls P
n 42 19
BMI 28.00+7.06¢15.63 - 45.31) 2598 +6.64( 19.6 - 40.65) U.‘Z‘?_Sq___l
WHR 0.87+0.09(0.74~1.15) 0.79 £ 0.076 (0.69-0.94) 1.0017

Seventeen patients (40.5%) and 7 controls (36.8%) woic obese (BMI = 29 Kg/mz), Twenty seven

(64.3%) patients admitted a significant increase in their weight coinciding with the start or worsening of

their symptomatology, with an average increase of 18.3% in their weight (range 8.8% - 39.5%).

A highly significant correlation was found between BML and WHR in the patients as welt as in the

control group, irrespective of the difference in weight distribution which was indicated by the difference

in WHR (Tigure 4.

Figure 4.1:

1)
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4.2.4 RELATIONSHIP BETWEEN (LINICAI. PRESENTATION AND
ANTHROPOMETRIC VARIABLES

‘Fhere was no significant relationship between BMI or WHR  and menstiual pattern, androgenization or

virilization.

4.3 ENDOCRINE CHARACTERISTICS

4.3.1 COMPARISON OF ENDOCRINE DATA ~ PATIENTS AND CONTROLS

Women with oligo/amenorrhoea were found to lave higher plasma concentrations of LH, and T, and
lower levels of FSH and SHBG than their weight-matched controls (Table 4-1V) who were sampled
between days 3 and 8 of their menstiual cycle. This resulted in increases in LH:FSH ratios and in FAI

rgspectively. Basal plasma concentrations of 170x-OHP, DHEA-S, Ez, P. PRI. and thyroid function tcsts

were similar in the patients and the controls (Table 4-1V).

In the patient group a high T.H (>10.0 TU/L; mcan = 1SP of control group) was found in 47.6%, LH:FSH
ratio was >2 in 48.8%, T was >2.5 nmol/L. (mecan + 1SD of control group) in only 24.4 %, while 53.7%
had a high FAI (> 4.5; mean = 1SD of control group). In comparison, 2 controls (10.5%) had a kigh LH
and LF:FSH ratio while 15.8% (3) had T >2.5 nmol/L and 26.3 % (5) had FAI > 4.5.

The results suggested that the patients had lower FSH levels than those obtained in the carly follicular

phase of normally ovulating women (Table 4-IV), but the difference was not statistically significant.

Although 4 patients bad clinically demonstrated galactoirhoea, only one had a high PRL level
(1645mIU/L).
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Table 4-1V : Endocrine Results for the Patients and the Controls

Palicnts Cantrol P
E, (pgml ) 59.09£31.54 65.00 +34.20 NS
LU ( IUL) 10,024 530 5.251.4.39 0.0012
FSH { IU/L) 4954129 51321173 N§
LH : FSH ratio 2.05: 1.05 1.07 £ 0.80 0.0007
T {nnolfL ) 227+ 1.10 1.53 £0.93 0.0132
SHBG { nmol1. ) 47.57 12428 52.53 +25.77 0.0336
FAI* $.57+4.16 2624178 0.0061
P { ng/mL ) Follicular. 0.719+048 LML 167 N8
P(ng/ml ) Luteal 6.8916.23 1220£7.16 0.0067
A (nmoVL )* 8.0914.36 6.13 £2.85 0.0795
177c-OHP (1auol/L ) 1.44%+0.76 1.483+1.14 N§
DHEA-S (umolL) 1971.2 +1306.6 2126.0 4 1788.0 NS
PRL (nU/L) 291.12 + 240.03 124.30 £ 519,60 NS
T4 (ool ) 114.92 +25.035 109.70 -+ 19.29 IS
T3 (umol/L ) 144.15 + 26.976 140.10 + 29.59 NS
FT4 14.36::3.55 14.42£2.32 NS

Groups were comparad using Student's t-test, execpt for values with () where Mann-Whitney
nanparametric test was used for comparisois. Progesterone was estimated only for iliose patients
{n=17) and cosirols {1=19) wha ovulated at follicidar and kiteal phases. NS means P > 4.05.

Correlation : I, and Testosterone in Patients
and Controls

2004

160

120+

E, (pg/ml )

r=0
a8 r=0

.0.11, P = 0.48 (BT)
50, P — (L0284 (C'IRL)
[ 2

= k=1

T (nowel/L }

4.4), which could be relatcd to some follicular activity contributed by those individuals who ovulated.

The correlations of the basal endocrine profiles in alt subjects arc shown in Figures 4.2 - 44, Tn the
patients, the LH was not correlated to T or FAI but there was a weak correfation with FSH (Figure 4.3).
There was a tendency for FSH to rise with increased severily of high LH. There was also a weak

negative correlation between the patients' T concentrations and FSH levels in both study groups (Figure
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Figure 4.3 :
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There were no differences in the mean basal values of 1" and FAI between the group of patients who had

high LH > 10.0 1U/L) and those with normal basal LH concentrations (< 10.0 IU/L) (Table 4-V),
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Table 4-V : Mean Basal T and FAI in Patients with Normal/High Basal LH

Concentrations
Normal LH Iligh TH P
T (nmol/1) m=20) 2081064 (h=122) 246+ 1.36 NS
FAY m=21) S571+476 (n=121) 5424345 NS

4.3.2 RELATIONSHIP WITH CLINICAL PRESENTATION

The relationship between the presenting clinicat symptoms and the endocrine profiles are shown in
Tables 4-Via and 4-Vib. Patients who presented with prolonged listoty of mensiruzl disturbance,
oligomenortrhoea since menarche, were found to have lower levels of FSH than those whose menstrual
irregularity started later (P = 0.0325). Women with DUB were found to have lower basal levels of E,

than other study subjecis (P = 0,0228),

Table 4-VIa shows thal patients presemting with amenoithoea had significantly lower plasma I,

concenlrations than {hose with oligomenomxhocu (P = 0.0458) but LH, ¥SH, LE:FSH, T, SHBG and FAl

were ot statistically diffcrent,

Androgenized and virilized patienis showed higher mean concenfrations of LH, FSH, T, LH:FSH and

FAls, and lower levels of E, and SHBG compared with the rest of the study group, but these differences

were nol statistically significant.

Patients with primary infertitity had significantly higher SHBG (P = 0.0313), and significantly lower
FAls (P = 0.0267), than these with secondary infertility. This finding could be due to weight changes
althongh their BMI and WHR were similar.

Table 4-VIa : The Relationship between the Presenting Symptoms and the Endocrine Profiles

Presenting symptom Prevalence Hormone concentrations in Patienits

n& (%) L, {pg/mL) LH (FU/L) FSH (IU/L) LH : FSH
Oligo.since menarche 18 (42.9) 55.29426.13 9.7333.42 4.60+0.86* 2.1740,872
Other Oligodamenorrh. 24 (87.1) 63.80435.52 10.6536.15 5,35+1.33* 2.04+1,17
Hirsutism 27 (64.3) 57.87431.36 10.13%3.11 4.994+1.29 2.0510.95
No hirsutism 15 (35.7) 62,14433.81 9.79+5.84 4.89:+1.32 2.02+1.27
Virilized 13 (31.0) 57.69+35.68 10.96+4.17 5.43+1.32 2.0710.8¢
No virilization 29 (69.1) 60.09430.59 9.57£5.76 4.7331.23 2.04%1.17
DUB {1y 15.00:138.66+ 9,202,953 5.07£1,23 1.8530.62
No DUB 37 (RR.1) 61.32+33,44* 10.1343.57 4944131 2.07£1.10
Oligomenorrhoeea 35(83.3) 62.72%32.57% 10.5445.32 4.9041.16 2.19+1.05
Amenarrhosa 7{16.7) 42.86323.47 7.4444.75 5.2141.88 1.3330,76
1° infertiity 282 (66.7) 61.20131.10 9.9415 05 5.0511.34 2.0121.04
2™ infertility 14 (33.3) 55.71434.17 10.1535.94 A7711.21 2.12£1.12

‘The groups were campared using Student's t-test, where (%) indicates significant P< 0.05.
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Table 4-VTb ;: The Relationship between the Presenting Symptoms and the Endoerine

Profiles
Presenting symptom Prevalence Tlormone concentrations in Patients

n& (%) T (unol/L) SHIBG (nmol /1) FAl
Oligo.since menarchc 18 (42.9) 2.30::0.97 42.47421.89 5.94:2.70
Oiher Oligo. 24 (57.1) 2.301:1.20 51,41126.23 5.43£5.05
Hirsutisnt 27 (64.3) 2.4411.23 44,57423.62 5.661£3.43
No hirsutism 15 (35.7) 1,95+.73 53.36325.39 5.4045.45
Virilized 13 (31.0) 2,32+1,11 47.69824 57 5.6943.29
No virilization 28 (69.1) 2.2541.11 47.52424.60 5.51+4.56
DUB 3(1l9) 1.534H0.58 45.80433.93 4.4342.61
No DUB 37(88.1) 2.38+1.12 47.82323.28 5.73+4.33
Qligomenorthoca 35(83.3) 2.3641.15 49.23323.33 5.701+4.38
Amenorthocn T(16.7) 1.834:0.67 39.50428.09 4.9513.04
1°® infertifity 28 (66.7) 2.2240,70 52.61%26.47+ 4.56.12.99+
914 ffegifity 14 (3335 2.56+1.61 37.86+16,09+ 7.5245.30#

The groups were compared using Student's t-tesi, whare (%) indicates significant P< 0.05.

4.3.3 REILATIONSHIP BETWEEN ENDOCRINE AND ANTHRQPOMETRIC
VARIABLES

4.3.3.1. BM1

The subgrouping for BMI is arbitrary, thereforc the results may be highly dependent on the limits

applied. Accordingly, 1o examine the effect of excess weight, results were analyzed with a cut-off point
of BMI equals 25 Kg!m2 indicating overweight (subgroups < 23, = 23 Kgfmz), and the same analyscs
were repeated wilh BMI equals 29 Kgfm2 to indicate the cbese paticnts and controls (subgroups < 29, =
29 Ke/m ).

The major endocrine impact of obesity is shown in Tables 4-VIla and 4-VIilb.

Patients :

Plasma levels of E,, LH, LHFSH ratio, the levels of 17.c-OHP, and DHEA-S were similar in tean and

obese paticnts (Table 4-VIIa). Plasma concentrations of FSH, SHBG, and PRL were significantly lower,
and those of T and the FAT were both signilicantly higher in obese than in lean paticnts. The differences
were less significant when the higher BMI cut-off point was applied.
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Table 4-VIIa : The Impact of BMI on the Endocrine Profiles of the Patients

<25 >25 P <29 229 P
1 18 24 235 17
E2 (pg/mL) 58.89 S¢.67 N8 60.10 58.13 NS
LH (TU/L) 13.24 9.84 NS 9.94 10.13 NS
FSH (IU/L) 3.64 4.42 0.003 528 4.45 0.024
LI:TSH ratio 1.78 2.26 N8 1.86 2.34 NS
‘' (nimolf],) 1.86 2,60 (.0189 1.97 2.75 0.049
A {nmol/L) 7.38 2.15 NS
SHBG {nmolL) 59.78 38.02 0.0028 S4.82 36.25 (7,013
FAI 3.57 7.13 0.0026 3.60 865 {14004
17-0HP (umol/L) 1.42 1.46 NS 1.44 145 NS
DHEA-S (unol/L) 836.14 2297.83 004 1¥86.80 2103,1 NS
PRL (mU;iL) 381.94 220.04 0.059 343.76 208.88 0034

The groups wers comparcd using Studont's t-test. P < 0.05 Is significant

Controls :

BMI showed a significantly negative impact on SHBG (Table 4-VITb), and conseyuenty a higher FAY in

obese compared to lean controls. Other hormones showed no significant association with obesity.

Table 4-VI1b : The Impact of BMI on the Endocrine Profiles of the Controls

<25 225 P <29 =29 P
51 1G Y 12 7
E, (pg/mL) 62.23 65.00 NS 67.50 57.81 NS
LH{TU/L) 4.60 6.04 NS 4.83 6.04 NS
FSH (1U/L) 4.78 5.51 NS 4.82 5.63 NS
LIT:FSH ratio .95 1,22 NS 1.00 1.20 NS
T (nmol/L) 1.24 1.92 (.099 1.39 1.86 NS
A (nmol/L) 6.24 5.87 NS
SHBG (mmol/L) 75.60 45,20 0.0072 73.58 40.63 ().0037
FAI 2.016 471 0,0433 2.26 5.07 0.0763
17=-CHP {(amol/T.) 1.54 1.34 NS 1.59 1.21 NS
DHEA-S (uniol/L) 1620.0 2570.0 NS 1841.67 2475.0 NS
IRT. (mUA7 ) 462.30 362.40 NS 414.42 409.25 NS

The groups were compared using Student's ttest, P < 0.03 is siguilicant

4.3.3.2 WHR

Similarly, the impact of WHR on the endocrine profiles is showit in Tablcs 4-VHIa aud 4-VHIb.
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Paticnts :

Basal E_, LH, FSH, LHFSH ratio, T, A, 17«-OHP and PRL levels were similar for patients with WHR

< (L8 and those with WHR > .8 (Fable 4-Vllla). 'The levels of SHBG, were iclated to WEHR. The
difference between the mean values of SHBG for paticnts with WHR < 0.8 compared to those with WHR
= 0.8 was highly significant (P = 0.0014). Couscquently, similar [indings were gbserved lor FAT (P =
0.0006) and the levels of DHEA-S (P = 0.0212).

Table 4-VHIa : The Impact of WHR on the Endocrine Profiles of the

Patients

<038 >0.8 1Y
n 8 34 ]
k (pg/ml) 60.94:£27.74 58.94133.16 NS
LU Uy 7.96% 5.74 10,51k 5.15 NS
TS1L(IU/L) 5,514 1.41 4.82+ 1,24 N3
LH:FSII ratio 1.48+0.87 2.19% 1.0G 0.0876
T (unol/L) 1.783 0.67 2.39% 115 NS
A (nmobL) B 7.9045.48 8.134.14 NS
SHBG {rmol/L) 71.0+25.98 41.89420.47 0.0014
TAI 2.72%1.61 6.26:+ 4.30 0.0006
17«-OHP (unol/L) 105+ 0.31 1.54£0.81 NS
DHEA-S (umol/L) 1293.8 £ 689.95 2135.5 + 1373.77 0.0212
PRL, (mU/L) 453.75 1: 493.74 251.69 + 102.37 RS

The groups were compured using Studenl's t-tesl. P < 0,05 is significunt

Controls :

There was no sfatistically significant difference in Ez, LH, FSH, LH:FSH ratio, 17«-OHP, DHEA-S and

PRL between conttrols with WHR < 0.8 and those with WHR 2 0.8 (Table 4-VIIIb). Testosterone levels
and FAI were significantly higher, and SIIBG levels were significantly lower in controls with larger
WHR than in those with smaller WHR.

Table 4-VIIIh : The Impact of WHR on the Endocrine Profiles of the

Controls

<08 > 0.8 P
n 11 3
E, (pg/ol) 57.73+ 23.60 70.83+ 43.80 NS
TH (01 497+ 5.18 5.74+3.12 NS
FSH (TU/L) 5.52+1.93 4.68+ 1,29 NS
LH:FSH ratio 0.93+0.82 1.27+0.62 NS
T(nmol/L) 1.0240.51 2.26+ 0.88 0.001
A (nmol/L) 5.4032.34 7.0743.18 N§
SHBG (nmol/1.) 72.73£27.54 45.33£17.23 0.0184
VAT 162 1.17 3,54 3.14 0.0061
170¢-QHP {nmol/1.) 1,263 1,24 1.664- 0.9% NS
DHEA-S {umol/L) 1718.2:+ 1098.9 2555,6+ 2301.7 N8
TRL (inU/L) 427461 649.9 393.89+ 292.5 NS

Tiie groups were canpared using Student’s t-tost. P < 0.05 is siguificant
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4,3.3.3 Comparison of Patients and Controls with Respect to the Influence of
Obesity

BMi:

Basal plasma levels of F,, FSH, 17«c-OHP, DHEA-S and PRL did not show anv statistically significant

difference when patients were comnpared to the control group of similar BMI (Tables 4-1Xa and 4-IXb).
However, the levels of LH and the LH:FSH ratio were significantly highet when comparing the patients

to the controls for all BMI subgroupings. Testosterone and FATI mean values were increased, and SHBG
values wete decreased for both the overweight (= 23 Kg/mz} and the obese (= 29 Kg/m2) individnals
compared to the lean paticits antd controls. Howeyer, the differences in T and SHBG concentrations
reached statistical significance only when comparing the lean patients to the lean controls for both the
cut-off points of BMI < 25, as well as < 29 Kg/1112 {(data in table), The differconces did not reach slatistical

significance comparing the patients to the controls for the higher BMI of > 25 and > 29 Kg/mz, (Tables
4-IXa and 4-IXb).

Lufeinizing hormone tevels were fourd to be equivalent in obese and lean patients as well as in the
control group. However, when comparing patients 1o controls of matched BMI, the diffcrences were
significant for alt BMI ranges (Tables 4-IXa and 4-1Xb ).

Table 4-1Xa ;: The Impact of Overweight on the Endocrine Profiles of the Patients in Comparison
to the Controls

PT{< 23) CTRL (< 25) P PT (= 25) CTRIL.(=25) P

n 18 10 24 9

E {(pg/mL) 38.89 6225 NS 59.67 65.00 NS
LH(UL) 10.24 4.60 0.022 .84 5.0 0.024
F8H (ii/1.) 35.64 4.78 NS 442 351 NS
1 H:FSH ratio 1.78 0.93 0.044 2.26 1.22 0.006
T (nolL) 1.86 1.24 0.021 2.60 192 NS
SHBG (nmol/L) 39.78 73.60 NS 38.02 43.20 NS
FAl 3.37 2.06 8.094 7.13 471 NS
17ec-OHP (nmol/L) 1.42 1.54 NS 1.46 1.34 NS
DHEA-S (umolfl) 836,14 1620.0 NS 2297.83 2570.0 NS
PRL (L} 381.94 462.30 NS 220.04 362,40 NS

The groups were compared using Student's t-test. P < 0.05 is significant
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Table 4-IXD ¢ The Impact of Obesity on the Exdocrine Profiles of the Patienés in Comparison to

the Controly
INEED) CTRL (< 29) P PT(229) CTRL (= 29) P

a 25 12 17 7

E, (pg/ml.) 60.10 67.50 NS 58.13 57.81 NN
LH (U1 9.94 4.83 0.017 10.13 604 0.014
FSH /L) 5.28 4.82 NS 4.45 5.63 NS
LH:FSH ralio 1.86 L0 0.026 234 1.20 6.004
T (umol/L) 1.97 1.39 0,033 275 1.86 NS
A (nmaifl) 738 6.24 NS 9.15 5.87 NS
SHBG (nmol/L) - 54.82 73.58 0.036 36.25 40.63 NS
TAl 3.60 2.26 0.082 3.65 5.07 0.068
17ec-OLIP (runol/L) [T 1.39 NS 1.45 1.21 NS
AR A-S (unwol/L) 1886.8 1841.7 NS 2103.13 2475.0 NS
PRL (mUrL) 343.76 414.41 NS 208.88 109,25 NS

The gronps were compared using Student’s ttest. 1* < 0.05 is significant

The correlations between BMI and T, SHBG and FAT in both groups of patients and contiols are
demonstrated in Figures 4.5 - 4.7. Therc was no significant corelation between BMI and T in cither
patients or controls. A significant negative correlation was observed between BMI and SHBG in both

groups which was reflected in the FAL

The two regression lines for patients and controls comparing T and BMI (Figure 4.5), were not
statisticallty different (95 % confidence interval for the slope of paticnts was -0.0155 0 0.1192 and for the
controls -0.003931 to 0.09174). Therefore, for a unit increase in BMI, SHIRG and T responded similarly

in the patients and in the controls.

Figure 4.5 ;
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Figure 4.6 ¢

Correlation ; SHBG and BMI in Patients and

Controls
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Plasma concentrattons of E, FSH, , SHBG, FAI A, 17«-(OHP, DHEA-S and PRL were similar in both

patient and control subgroups of similar WHR (Table 4-X).
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The levels of LH and TAI were lugher in patients than controls with WHR < (.8 as well as WHR = 0.8.
But these levels reached statistical significance only with the higher WHR (Table 4-X ). The LH levels
and LH:T'SII ratio were significantly higher in the patients than the controls at WHR = 0.8 (Table 4-X).

Teslosterone levels were not significantly higher in patients (han controls with higher WHR (P = 0,15),
but were significantly higher in controls with larger WHR than in controls with smaller WHR (P =
0.001). When comparting the mean valie of the patients to that of the controls with similar WHR, the
difference in T levels reached statistical significance with smafler WHR women only (P = 0,0132 for
WHR < 0.8 and 6.7403 for WHR = 0.8).

The SHBG levels were influcenced by the WHR. The mean values of SHBG for both. patients and controls
with WHR< 0.8 were significantly higher than those with WHR = 0.8 (P = (10014 and 0.0184,
respectively). The findings were the same for FAI (P = 0.0006, and 0.0061); vety significantly higher
indices being found for both patients and conirols with WHR = G.8,

Table 4-X : The impact of WIIR on the Endecrine Profiles of the Patients in Comparisen to
Cuntrols

PT (< 0.8) CYRL(<0.8) P PT (2 0.8) CTRL {2 0.8) P

n 8 11 34 8

E, (pg/mlL) GO.94L2T 74 5773423 .60 NS 58.94433.16 70.83243.80 NS
LH QU/L) 7.96:4:5.74 4.97+5.74 N§ 10.5145.15 5.7443.12 0.0118
FSH (}U/L) 5.31:41.41 5.52£1,93 NS 4.8241.24 4.6%+1.29 NS
LH:FSH ratio 1.4840.87 0.9340.89 N§ 2.19+1.06 1.2740.62 0.0177
T (amob/L) 1.7840.67 1.0240.51 00132 2.3941.13 2.2640.88 NS
A (nmol/L) 7.9045.48 5.4042.34 NS 3.13:+4.14 7.0743.18 N8
SHBG (uol/L) 71,0425 .98 72.73427.54 NS 41.89420.47 4533+17.23 N8
FAI 2.7241.61 1.62:+1.17 NS 6.26::4.30 5,5443.14 NS
17-OHP {swnol/L) 1.0540.31 1.26+1.24 NS 1,5440,81 1.66+0.99 NS
DBFEA-S (umoli ) 1293.8+590.0 718.2+1098.9 N§ 2133.541373.8 | 555.6+2301.69 NS
PRI (ntf1.) 4537544937 | 427.461649.9 NS 251,697+102.4 | 393.891292.5 NS

The groups were compared uging Student's t-fest, P < 0.03 is significant

Weak but significant corrclations weire observed between SHBG, and PRL and WHR of the patients (r = -
0.36, P =0.0179; r = -0.31, P = 0.0484, respectively) (Figures 4.9 and 4.11). The significant correlation
belween PRL and WHR was due to one very high PRL value in a patient with s low WHR, which was
lost when this patient was excluded (P = NS).

For the contiol gronp, the ncgative corrclation between WHR and SHBG was tightcr and more
significant (r = -0.61, P = 0.0052) as shown in Figure 4.9, and significant positive correlations between
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T, and FAT and WHR {r=0.64, P =0.003; r = 0,78, P < 0.0001, respectively, Figurcs 4.8 and 4.10) were

also abserved.

Figure 4.8 :

Figure 4.9 :
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Figurce 4,10 :

Correlation ;: FAIL and WHR in Patients and

Controls
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4.4 ULTRASONOGRAPHIC OBSERVATIONS

4.4.1 BASAL OVARIAN SCAN OBSERVATIONS

Control Data :

Unfortunatefy, there was no US examination for ihe control group becanse of their relictance to

volunteer for the examination, The mican (+ SD} ovarian vohume for normal subjecls was taken from

3
publislied reference ranges as 52 + 1.9 ClIl3 (Yeh e of 1987) and 5.4 & 1.6 ¢ {(Polson &f o 1988,

Franks, 1989}, The cut-off point of normat ovarian volume, in this study, was considered to be 2 SD
. . 3 . .
above the moan normal ovarian volume, that is 9.0 cin . Therefore, the ovary was considered entarged in

, 3
patients when the volume was greater than 9.0 ¢ .

Patient Data :

The US scanning was always effected > 14 days after the first day of the last menstrual period. The mean

. . . . 3 . 3
ovarian volume for oligo/amenorrhoeic patients was 9.36 cm , whilc the mean of TOV was 18.73 cm
(Table 4-X1).

Tabte 4-XT ; The Ovarian Volume in Patients

mean + SD { cm! } range { cm3 )
No. of Latients 42
Rl ovary 9.58+ 6,33 1.09 - 31.54
L. ovary 9,13 £ 5.55 1.83 - 2730
TOV 18.73 & §.38 2.92 - 40.50
Ovarian Voluine (mean Rt./Lt.) 936 + 4,44 1.09 - 29.42

‘I'wo out of 42 patients showed nornal US ovarian picture, while the rest (n = 40) satisfied the criteria of
"PCO" US (Chapter Three). Theicfore, the following analyses included those patienis with "PCQO" US
diagnosis only (40 paticnts),
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Table 4-X11 : The Ovarian Volume in "PCO" Patients

mean:L8D( cmj ) range ( c:m3 )
No. of Paticnls 40
Rt ovary 9979 3 6.26 1.48 - 31,54
It ovary 9.34 + 546 213 - 2730
TOV 19.15 + 8.57 460 - 40.50
Qvarian volune (mean Rt./1t) 9.57 + 4.29 2.32 - 20.24

There was heterogencity within subjects, as 10 patients (24,4%) showed one ovary less than 50% of the

stze of the other, and this general finding resulted in there being no relationship between Rt. and Li.

ovarian vohuncs (Figurc 4.12). This is a remarkable observation showing the dynamic nature of the

organ, cven in the relatively stable conditions of oligo and amenorrhoea.

Figure 4.12 ;
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Twenty two {55%) of paticnts had at Ieast ane ovary of a volume > 9.0 cnr®, and only 40% had both

ovaries > 9.0 e, I'lic basal US ovarian characteristics of the patients are shown in Table 4-X1I7. The

niean number of ovarian follicles (2 - 8 mm) was 11.68 :i 2.55 (range 5 ~ 20 follicles) on the right ovary,
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and 12.61 & 3.81 (range 6 - 30 follicles} on the left ovary (Table 4-XIIT). Ovarian follicles were

peripherally distributed in only 46 ovarics (56.1 %), while the rest showed contral distribulion,

Table 4-XII ; Ultrasonographic Ovarian Characteristics

Rt. Ovary Lt. Ovary r
No. of Pulients 40 a0
Ovarian Volume (o ) 9.58 X 633 (1.09-31.54) 2134 5,55 (0.83-27.30 ) Ng
No, of Fojlivles (2-8 nun) 11.68£2.55(5-20) 12,61+ 3.8 (6-30) NS

"The groups were compared using Student's t-test. P = 0,05 iy NS

All 40 PCO patients (95.2 %) had at keast 10 follicles (2 - 8 mm in diameter) in one section on onte ovary,
and bilaterally in 36 patients (85.7%). Also 40 patients (95.2 %) showed thick (dense) stroma in ai least

one ovary, while 32 patients (80.0 %) had an increased amount of stroma in both ovarics.

The US ovarian characteristics and a comparison between "unilateral PCO" with "bifateral PCO" are
shown in Table 4-XIVa and 4-XIVb. The mean ovarian volume and TOV was significantly larger in the
patients with bilateral PCO than those with wunilateral PCO diagnosis. The number of follicles was
higher with bilateral PCO than unilateral PCO (P = 0,0127) but the distribution of the follicles was
similar (Table 4-XIVb). Iowever, this observation could be masked by the small size of the unilatcral
PCOQ sample.

TFable 4-X1Va : Ultrasonographic Ovarian Characteristics
in Paticnts

One Ovary Both Ovaries
n{ %) n{%)
PCO Diagnosis 8(20) 32(80.0)
Tollicles 2 10 40{93.2) 36(85.7)
Thick Sicoma 40 (95.2 ) 32(80.0)

Table 4-XIVb : Comparison hetween“Unilateral PCO”and“Bilaterat PCO”

Unilateral PCO Bilateral FCO P
No, of Paticnts 8 32
Rt. Ovarian Volume 8.09£9.74 9.94:+ 535 NS
L{. Ovariun Volume 5.0642.41 10,12 £5.67 0.01¢
Mean Ovariun Volwne 6,58+ 5.38 10.63 £ 3.99 0.048
TOV 13.17+10.75 20.07+7.98 0.048
Mean No. of Uolliclcs £.254238 12.67:1:2.61 00127
Petipheral Follicular Disteilsation 2 15
Centrat Folliculnr Disiribution 3 8
Mixed Fallienlar Distribution 3 o

116



4.4.2 CORRELATION OF OVARIAN VOLUME WITH  CLINICAL
PRESENTATION

. . 3 . s
Women with large ovarian volumes (>9.0 cm') were morc commonly presented with olipomenorrhoea
than with amenorrhoea but the difference was not slatistically significant (P = 0.0931). The duraiion of
menstrual irregularity, the presence of DUB, androgenization and/or virilization were not associated with

ovarian volume,

There was no significant corrglation between TOV, the presence of a thick ovarian stroma and the
duration of infertility, androgenization vr virilization. There was no corrclation between the clinical
presentation and the presence of unilateral or bilateral polycystic ovaries dingnosed by US scanming.
However, patients with unilateral thick stroma were found to have longer periods of amenorrhoea than
those with bilateral changes (xanges 14-18 vs 5-12 weeks, respectively;, P = 0.0395).

4.4.3 CORRELATION OF OVARIAN VOLUME WITH ANTHROPOMETRIC
VARIABLES

For the parpose of comparisons between patients with different BMI and WHR, {he mean ovariau
volumes were nused. There was 1o relationship between the mean ovarian volume, and the BMI and
WHR as shown in Table 4-XV and Figuzes 4.13 and 4.14.

Table 4-XV ; The Correlation between BML WHR & Ovarian Volumes in the

Patients
OV.VOLUME £9.0_cw’ OV.VOLUME > 2.0 e’ Total
n {%) mean * S n {%) mean 3 SD
BMF_ <25 18 (23.8) 5.58:42.58 7(16.7) 12.6443.79 17
BMI 225 12 28.6) 6.694:2.09 1330.9) 12,941 3.2t 258
BMI <22 3ELY) 6.04£2.43 9¢234) 111461338 22
BMI =29 8 (19.4) 6.05 +£2.20 12(28.6) 13.10+3.33 20
WIR <08 6(14.3) 6.10£2.42 2(4.8) 9.78+0.17 3 N
WHR 2 0.8 15 (35.7) 6.02+2.32 19(45.2) 13.184:0.79 34
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EKigure 4,13 ¢
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Figure 4,14
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4.4.4 CORRELATION OF OVARIAN VOLUME WITH ENDOCRINE RESULTS

The endocrine variables were also correlated with the TOV. There was no cortelation between the TOV

and the endocrine profiles (Table 4-XVI), Although the basal levels of E » LH, LH:FSH, I, and SHBG
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were higher in patients with larger ovarian volumes ¢> 9.0 cm ), the differences were not significant.

Paticnts with Farger ovarian volume (> 9.0 01113) showed lower levels of FSH, FAT 17«c-OHP, PRL and

DHEA-S bul the ditferences were not statistically significant,

Peripheral distribution of the ovatian follicles was shown to be associated with higher ovarian volume,

BMi, WHR, E,. LH, FSH, LH:FSH, T, FAl, 17«-OHP, DHEA-S, and lower SHBG and PRL

concentrgtions but no difference was significant.

Patients wilh unilatcral PCO had higher levels of basal E;:’ LH, FSH,T, SHBG and FAI than those with

bilpteral PCO bt none of these differences was significant.

'The correlations between the endocrine, anthropometric parameters and the TOV are also shown in

Table 4-XVI,

Table 4-XVI1 : Correlations between Endocrine and Anthropometric Parameters

and TOV
T SLOPRE P
TOV / BMI 0.257 -0.05460 10 0.5237 NS
TOV{ WHR 0.112 -0.2030 to 0.4055 NS
TOV (E2 0.125 10.2076 to 0.4315 NS
TOV/LH 0.161 -0,1717 to 0,4614 N§
TOV / TS 0.083 -0.2478 to 0,3964 NS
TOV / LH:FSH 0.179 -0.1536 to 0.4758 NS
TOV/T 0.075 -0.2935 to 0.4237 NS
TOV / SHRG _ 0.030 03620 to 04123 NS
TOV {FAI 0.095 -0,3032 to 0.4657 NS
TOV /P (1) 0.302 -0.0171 0 0.5752 NS
OV {1 7ec-OHP 0.264 -0,1374 t0 0.5911 NS
TOV /PRI, 0.267 -0,5634 to 0.09005 NS
TOV { DHEA-S 0,097 -0.4981 to 0.3338 NS

4.5 DISCUSSION

Polycystic ovarian disease is characterized by heterogeneouns clinical and endocrine features. The
controversy and uncertainly about its actiology, has attracted numerous publications. It has been shown
that most women diagnosed as PCOD had menstrual disorders aud/or hirsatism, but there were patients
who weie non-hirsute and others who showed evidence of ovulation (Goldzicher & Green, 1962;
Goldzicher & Axelrod, 1963; Yen, 1980),
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Clinical Findings

None of the study patients had evidence of an androgen-secreting tumour, Cushing's syndrome, CAH or
thyroid discase. All the women of the conirol group considered themselves to be nonnal with regular
mensirual rhythm, and had not Iound it nceessary 0 consull & doctor for menstrual disturbance,

infertility or hirsutisim.

Menstrual Disorders and Eandocrinology

In this study, only 42.9 % of women with oligo/amenorrthoca (PCOD) had all the classical signs of the
disorder as described by Stein & Leventhal (1935), namely oligomenorthoea, hirsutism and obesity.
Hirsutism prevalence was comparable to the findings reported in the literatire for palienis with PCO
(Franks, 1989; Holte e o/ 1994¢). However, the presence of oligomenorrhoea and DUB were more, and

amenorrhoea was less prevalent in the patient group probably due to the inclusion criferia.

It the present study, the mean basal plasma E, conceniration was similar in the patients and the controls,
but significanlly lower in patients with DUB thau those without DUB (P = 0.0228). The effects of
“unopposcd” ocstrogen (that is, without the “protective” effect of progesterone) on the uterus are thought
to account for endometrial hyperptasia and DUB in anovulatory women with PCO. However, the uterus
is larger and the endometrium is thicker than normat even in ovulating woinen with PCO (Adams ef al
1988). Therefore, it is difficult to explain these findings on the basis of unopposed oestrogen (Franks,
1989). It has been reported that the concentrations of free, non-bound E, is elevated in women with PCO

despite norinal total E, concentrations (Lobo ef af 1981; Lobo, 1988) because of either the androgen-

induced decrease in SHBG and/or the inlibition of binding by the excess androgens (Lobo &
Goebelsmann, 1982). However, Polson et »f. (1987) were unable to find any significant increase in the

absolute concentration of free E, in sernm.

Hirsutisin and Endocrinology

There were no differcnces in endocrine profiles between women with hirsutism and those without,

coinciding with findings of other observers (Franks, 1989). Both groups had raiscd scrum concentrations

120



of T and the mean concentrations were slightly higher in the hirsnte than in the non-hirsute women;
however, these differences did not reach statisticat significance (birsuic : 2.44 £ 1.23 nmol/L; non-hirsule
: 1.95 £ 0.73 nmol/L). In hirsute patients the correfation of the serum ‘I with the degree of hirsutism is
poor, a number of hirsute patients having normal levels of serum T (Franks, 1989). Some hirsute women
with a normal serom T concentration have an increased T production rate and therefore @n increased
MCR. The higher incidence of hirsutism in the obese women may be explained by reduced SHBG

causing increased free androgen in peripheral tissues in obese subjects (Franks, 1989).

Galactorrhoca and Hyperprolactinacmia

Although galaclorthoea was observed in 9.5% of ihe patients, hyperprolactinuemia was an infrequent
obscrvation (2.4%), compared o the 7% reported by Franks (1989).  An intcrrclationship belween
hyperprolactinacmia and PCOD is complex. Somc patients with PRL-secreting pituitary twmours have
hirsutism as well as amenorrhoea (Franks, 1989). Women with hyperprolactinsemic amenorrhaca arc
known to be associated with the findings of PCOD (Yen, 1980). Elgvation of PRL could be duc io
increased serum concentrations of E, or the unopposed action of cestrogen on the pituitary (McKenna,
1988) as well as increased free oestrogen (i.e. normal oestrogen with decreased SHBG). The
insignificant observation of hyperprolactinaemia in this study coutd be due (0 the selection criteria but
whatever the association between elevated PRL and PCO, PRL is not & major contributing factor in the

patients investigated in Lhis study.

Endocrine Findings

When radioimmmoassay became widely available in the eatly 1970's, a preat reliance was put on the use
of biochemical markers of "the syndrome" vather than the histological appecarance. The major problem is

that there is no universal agreement on the biochemical definition of PCOD (Franks, 1989),

LH

In this study, significantly higher LH concentrations werc obscrved in the patients with
oligo/amenorthoea than in the control group (P = 0.0012). Twenty patients (47.6%) were fonnd to have

high basal L.H levels greater than 1 SD above the mean of the normal control group (> 10.0 TU/L). Yen
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{1980) reporled that about 10% of women with PCOD had normal LH concentrations. An LH level of >
10.0 /L was acceptably spectfic to diagnose PCOD (Yen, 1980; Eden, 1988; Eden ef af 1989¢) with a
sensitivity of 53% (Cden & Place, 1989). However, a higher cut-off point has been described in the
literature - > 11,1 IU/L (Franks, 1989). If this was applied here, only 29.3% would satisfy this criterion
which might question the exclusion of PCOD diagnosis based on a single LH concentration. The cut-off
normal value applied depends very ntuch on the assay nsed. Modern assays (monocional antibody
assays) are more specific and give lower levels than those obtained with previous (polyclonal antibody

288ays) assays.

1t has been. reported that some women with all the other clinical and biochemical features of PCOL had
normal serumn LH concentrations (Givens ef af 1976) at the time of sampling. It is therefore, importani
to sarple patieits in the carly follicular phase to avoid the confusior of the LH surge (Eden er af 1989¢),
Furihermore, a high concentrations of LH during the follicular phase was found to have a dramatic eflcet
on the snccess rate of induction of ovulation and the conception outcome and it may causc carly

pregnancy toss (Hombuig er of 1988).

A weak but sigaificant correlation (r = 0.33, P = 0.036) was found between LH and FSH. A similar
observation was reported by Eden et al. (1988, 1989¢). The LH:FSH ratio > 2 was found in less than half
of the patients. This sopports the statement that the LH:FSH ratio has a relatively poor ubility to
diagnose the PCOD.

FSH

The results in this study, showed that hasal FSH concentrations were similar in patients and controls.
This observation does not agree with those reported by Yen ef al. {1970b) which showed higher values in
normally ovulating women than in anovulatory women with PCOD during the first eight days of the
follicular phase. Although it was suggested that subnormal TSH levels might contribute to anovalation
in the PCOD, given the high effectiveness of exogenons FSH in inducing ovulaiion in these women (Yen,
1980, Franks, 1989), most studics have failed to confirin lower levels of FSH in women with PCOD than
in controls (Duignan et of 1975; Dunaif ef a/ 1988; Conway ef @/ 1989, Franks, 1989). The presence of

stmilar K, and FSH concentrations in patients and controls could mean that there is no impairment of

FSH release and therefore FSH probably is not the main cause of anovulation in PCOD as suggested by

Chang et af. (1982). The relationship between FSH concentration and the occurrence of spontancons
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ovulation in the groep of patients with oligo/amenorrhoca, will be discussed it Chapler Six. Patients
with oligomenorrhaca singe menarche had lower FSH concentrations (P = 0.0451) than other
otigomenorrhoea patients which could be related to the degree of chronicity of the disorder. However,
the results in some studies may be affected by small samples or because the timting of the blood sampling

in controls was not restricted to the early follicular phasc.

Androgens and SHBG

The mean concentrations of T were significantly higher in (e patients than (he controls (P = 0.6132).
Although the T concentration was higher in hirsutc patients than those withont hirsutism, this difference

was not significant. This may emphasize the importance of measuring FT, expressed by FAL

Testosterone concentrations of > 2.5 nmol/L (mean + 18D of the study control subjecis) were counsidercd
abnormal which agreed with other observers (Eden, 1988; Eden «f ol 1989¢). Decspite the raised mean
sernm T concentrations in women with PCQ, 75.6% had values which were in the normal range (< 2.5
nntol/L) 1n comparison to half the patients reporied by Franks (1989). If the patients were subdivided
according to whether sernm T concentrations were raised or normal, LH concentrations were higher in
the hyperandrogenic group, although the difference was not statistically significant. On the conirary,
slighily lower LH values in the hyperandrogenic granp were reported (Franks, 1989), but these were still
nearly twice as high as the mean LH levels in the controls, Or the other hand, basal T concentrations
were similar in the patients with high LH to those patients with normal LH concentrations (< 10,0 IU/L).
In addition, serum T concentrations in the subgroup with normal LE levels were still significantly
greater (P = 0.047) than in normal subjects. 1t seems that patients with PCOD show a disorder of

androgen which is independent of elevated LH coucentrations (Fleming ef 2! 1985),

As is the case with LH measurements, a random sample of T is 1ot necessarily au accurate reflection of
androgen secretion but, in contrast to LH, this has less to do with cpisodic scerction of androgen than the
fact that a random serum: T measurement is an inadequate index of either androgen production by the

ovary (or adrenal) ot of the bioavailabilily of ¢irculating androgen to target tissues (Franks, 1989).

In this study 1o significant correlation was found between T and SHBG; although the reverse has been
reported (r = - 0.43) (Franks, 1989). Basal concentrations of SHBG were significantly lower in the
patients than the controls (P = 0.0336) which agrees with other reports (Yen, 1980). Iowever, in the
population of women with PCO reported by Tranks in 1989, the meun and median congentrations of
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SHBG were not significantty ditferent from those in normat women in the early to mid-follicular phase of
the cycle. Sex hormone binding globulin is made by the liver and serum levels fall in the presence of
excess androgen, especially T (Anderson, 1974, Carier et o/ 1983, Cunningham ef af 1985), If levels of
SHBG fall, T will be releascd and FT will increase. It has been suggested that low SHRBG concentrations
in the serum are a reflection of increased transport of the “biologically active” SHBG-androgen complex

into the tissues but as yet there is no evidence to support this view.

The basal SHBG concentrations showed the most significant and consistent relationships with the
anthropometric parameters in patients and controls, compared with other endocrine variables. Similar

observations were found with the mean follicular SHBG concentrations (Chapter Six).

The activity of androgen in target tissues is determined by two main factors. The first is the androgen
binding capacity in serum of SHBG (Anderson, 1974) and albumin, The sccond is furiher metabolism
of T or A to more potent Sa-reduced products.

In this study, FAI was the most sensitive biochemical criterion for the diagnosis of PCOD. An abnormal
FAI was considered if FAI was >» 4.5 (mean + 18D of the control data). A high follicular level of FAI >
4.5 was observed in 53.7% of the patients. The FAI is wseful for detecling the PCOD in
oligomenorrhoeic women as there appear to be few false positives. A follicular phase FAT > 4.5 should
be considered as highly suspicious of PCOD (Eden, 198%; Hden ef a/ 1988a; Eden et af/ 1988b).
Although an early follicular phase estimation of T and SHBG, to altow the calculation of FAL has been
rccommended in the biocheimical investigation of the oligomenorrhoeic woman (Eden, 1988) this is
difficult {o apply in clinical practice for pationts with oligo/amcnorrhoca. Adding SHBG and FAI to LT,
FSH and T gives a better chance of detecting PCOD.

Here, similar basal DHEA-S concentrations were observed in the patients and the conirols. There has
been a debate over the years as to whether the source of excess androgen sectetion in women with PCOD
is the ovary or the adrenal. A proportion of subjects with PCOD was found to have elevated
concentrations of DHEA-S (Yen, 1980), and the high prevalence of PCQOs in subjects with CAH due to
210H deficiency (Hague ef a/ 1990) together with the occurrence of “PCQO-like” fealures in women with
Cushing's syndrome suggests that ihere is a link botween hypersecretion of adrenal androgens and
PCOD. However, studies of the lamily data supgested that the adrenal production defect could be
unselated to the causes producing PCO changes in the majority of cases (Hagne ef af 1989, Hague ef a/
1990).
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Ultrasonographic Findings

The availability of the high-resolution US scanuing, especially with a transvaginal transducer, offered a
non-invasive method of defining the typical polycystic morphology of ovares in women with

reproduciive disturbances (Swanson ef of 1981; Parisi ef af 1984; Adams et af 1983; Adams ef af 1986b).

In this study, PCOs were identificd in ail the patients with oligomenorrthoca and 71% of patients with
amenorrhoea. Adams ef 4/, (1986b) were able to identify PCO in 83% of women with oligomenorrhoca

and in 26% of the wonien with anmenorthoea.

. N~ . . 3
The mean ovarian volume of patients diagnosed to have PCO was 9,57 om ; small comnpared 1o the 11.6

3

cm reported by Franks (1989) and the 15.1 01113 reported by Holte ef ol (1994c). This could be
explained by the difticulty in identifying the follicnlar phase, hence, vartations in fiming of the scanning
in oligo/amenorrhoeic patients, The ovaries can be normal in volume and still polycystic (Givens ef af
1976).

‘T'here were no differences in US and biochemical indices between women with hirsutism (androgenized)
and those without. Women with oligomenorrheea had a larger mean ovarian volume than those with
amenorrhaen, however, this difference was not significant.  AbdelGadir e al. (1992b) concluded that
ovarian size did not indicate the severily of the condition. On the conirary, patients with the most
enlarged ovaries were reported to have the most frequent occurience of amenorthoea (Puzigaca et af
1991),

Although US demonstration of difateral, symmetrically enlarged, globular shaped ovarics has been
described as a criterion for diagnosis of PCOD (Parisi ef a/ 1984), such evidence was, practically, not
possible to obtain in this study. A wide speclram of ovarian sizes was seen in patients with PCOD. The
TOV showed & wide variatlion within study patients (1.9 - 40.5 cm®). Yeh e a/. (1987) found normal
sized ovarics present in PCOD patients. In a considerable mmber of patients in the present study
{82.9%), at least one ovary was normal in size, and both ovaries were normal in size in 36.6% . This

observation was higher than that reported by Hann ef al. (1984) and by Yeh et al. (1987) - 29% . The

. . 3 3
npper Hmit of normal ovacian volume was reported to be 7.5 cm , with a mean of 5.2+ 1.9 om , and
gross asymmetry in size, that is one smaller than 50% of the other, was found in 20.9% in one series
{Yeluef af 1987). A higher incidence was found in the present study, (24.4%). This obscrvatior shows

the dynamic natwre of the ovarics, even in relatively stable conditions such as oligo/amenorrhoea.
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However, the differences in observations may be due to differences in criteria for selection of patients

and/or in the ultrasound technology. These observations will be discussed further in Chapter Six.

Enlargement of the ovaries in PCOD is due to a diffuse process, and the ovaries maintain their original
shape when they enlarge, indicating that the shape or the RI of the ovaries is of nu value in diagnosing
PCOD (Yeh ef af 1987). Becanse of the considerable variations in the ovarian sizes, the large sized
ovary is neither a sensitive nor a specific criterion for the US diagnosis of PCOD. However, the majority

of ovaries (95.9%) can be seen by means of a real - time scanner (Yeh ef af 1987).

The frequency of visualization of follicles (2 - 8 mm) was high in PCOD patients using a real - time
scanner with high frequeitcy and a vaginal probe. In the present study, follicles (= 10) were scen in
95.2% of PCOs, with almost equal distribution in the stroma of the ovary (peripheral or central), Yeh ef
al. (1987) reported that the presence of multiple small cysts (< 8 nun in size) is the most important US
criterion for the diagnosis of PCOD - similar to lhe doveloping folictes of healihy individuals but
increased in number, Transvaginal US is preferred for visualization of the ovarian details, especially in
cbese patients. The study of Adams ef ¢/, (1986b) utilizing US had shown that PCOs are commmon in

oligomenorthoeic women without hirsutism or abesity.

Thick stroma was identified in all the patients with oligomenerthoea and in 71.4% of the patients with
amenorthoea. Therefore, thick siroma was the most sensitive single US criterion to diagnose PCOs, An
increase in the ovarian stroma was added to the US criteria. Increased ovarian stroma has been reported
in the literature as the most sensitive and specific US sign of PCOD (Ardaens ef af 1991),

The mean basal ovarian volume in the “high T” group was similar to that in the “normal T group. This
finding is in contrast to previous observations that androgen production in women with PCO can be

related to ovarian vohume (Puzigaca ef al 1991),

The prevalence of a unilateral PCO was higher (20%) than reported in the literature (3.7%, (Rojanasakul
et al 1989)). The group of patients who had a unilateral PCO were observed to bave a significantly
smaller mean basal ovarian volume, TOV and a lesser number of small follicles but follicular distribution
was not different from those with bilateral PCO ovaries. The clinical presentation, age, BMI, WHR and
the basal endocrine profiles were similar in botlt groups. It may be argucd that bilateral US PCO change
is not necessary to have the typical clinical and endocrine criteria of PCOD. These findings arc
confirmed with the longitudinal observations in Chapter Six. However, whether patients with a
unilateral PCO would have a mild degree of the disease, have more prevalence of spontaneous ovulation

and contribuie to the present confusion of nnderstanding PCOD remain to be studied. Long-term follow-
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np may be necessary to determine whether a patient with a unilateral PCO will develop bilateral disease

in the futare,

Rele of Obesity

Obesity is common in the study patients (40.5%). A higher mean BMI was recorded for both the patients
and controls (28.09, 26.64 Klg/m2 ; respectively) compared to the means reported by Franks (1989) (24,2
Kg/m2 for paitents and 22.0 Kg/m2 for controls) and by Holtc ef af. (1994c) (25.7 Kg/m2 for patients and

25.1 Kg/m for controls). Body mass index had no significant influence on hirsutism, menstrual pattorn
or ovarian volume, similar lo (indings reported in the literature (Hokte ef of 1994c), Although there was
no slatistically significant difference in BMI belween patients and controls, the difference in WHR was

highly significant (P = 0.0023); this is in contrast to the observations of IHolte ef af, {199:4c).

Patients with LH > 10.0 TU/L were found to be less obese, with slightly larger ovarian volume but these
differences did not reach statistical significance, similar to the findings reported by T'ranks (1989). The
differences in LH concontrations were significand when comparing patients to controls for all the BMI
range (scc Table 4 - EXa and IXb), although more noticeable if the cui-off point of BMI was taken as >
29. Therefore, LH levels may be more related to PCOD than to BMIL  Similar obscrvations have been
reported by others (Laatikatnen ef af 1983, Paradisi ef af 1986; Anttila ef o/ 1991; Dale ef a/ 1992b).
Holte ef af. (1994¢) showed a negative association between LH and obesity in both patients and normal
contrel gronps; an effect of obesity, independent of PCOD. Follicle stimulating hormone was
significantly lower in obese patien(s than in (he non-obese (P = 0.024) but the correlation between FSII
and BMI was weak (1 = 0,27, P=NS8). Itis reported in the literature that althongh the mean seram FSH
in obese women was nol significanily lower than that in non-obese subjects there was a weak but
significant inversc correlation between FSH and BMI in the obese but not in non-obese women (Frauks,
1989). This may explain the higher incidence of anovulation in the obese subjects, A clinicat implicaiion
of these findings is that the diagnostic value of LH levels or the LH:FSH ratio for PCOD could actually
be higher than has been recently proposed if obese women with PCOD are carefully compared with BMI-

matched controls rather than with normat non-obese women.

Qbesity is associated with a rise in T and a fall in SHBG (Baics & Whitworth, 1982, Cunningham ez «f
19835), therefore; the presence of gross abesity may affect the interpretation of a high FAI (Eden, 1988;
Eden et o/ 1988a; Eden er a7 1988b). There was no significant correlation of T with SHBG; although the
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reverse has been reported (r = - 0.43) (Franks, 1989), but the inverse correlation between SHBG and BMi
was clear (r = -),36) in the present shrdy. Qbese normal women had low levels of SHBG compared with
lean individuals whereas the PCO women of normal BMI had normal SHBG concenteations despite
significantly elevated serum T levels, Therefore, BMI is the ost important factor aftecting SHBG
concentrations. These results confirmed the previously observed negative effects of obesity and PCOD on
SHBG levels.

Obese women were reported to be more hirsute than those of normal weight (73% vs 56%), and more
likely to have menstrual disturbances than lean subjecis with PCOD (Goldzicher & Grcen, 1962
Goldzieher & Axelrad, 1963; Dunaif et of 1988), Similar observations of hirsutism, with BMI > 25,
were found in this study (21% vs 43 %), as well as menstrual irregularity. However; these observations
were absent when BMI > 29 is used. Despite the tendency for the abese women to be more hirsute and
have more cycle disturbance than non-obese PCO patients, there was no significant difference between
the groups in Gn, T or A concentrations. These observations confirmed previoas reports (Dunaif er af
1988; Franks, 1989).

CONCLUSION

All patients recruited had menstrual irregularity (oligo/amenorrhoga with or without DUB) and
infertilitly. Patients' presenlation was biased since their referral o the outpatient clinic was due to either
a mens(rual problem or infortility or both. About hall of the patients were either obese or

hyporandrogenized.

Women with PCOD had higher serum concentrations of LH (double the control value), LH:FSH, T and
FAI lower SHBG, and similar FSH, Ez, 17c-OHP, DHIEEA-S, PRL and thyroid function tests to those of

the controls. The same findings were reported by Holte ef al. {1994¢), except for the lower FSH levels
and the latter finding higher values for DHEA-S.

Regarding the biochemical diagnosis - LH:FSH ratio > 2:1 was diagnosed in only 20 patients (48.8%).
The presence of high LH concentration (> 10.0 TU/L) was found in < 50% of the study patients, and the
presence of a correlation between LH and FSH weaken the sensitivity of LH:FSH as a diagnostic criterion
of PCOD. Elevated T concentrations (> 2.5 nmol/l) was a finding in less than 1/3™ of the paticnts
(24.49%) while FAI of > 4.5 was found in 33.7% of the patients. The accuracy of the diagnosis is
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increased when more than one criterion is applied. However, 26.2% of the whole group of patients were

found to satisfy alt of the biochemical diagnostic criteria,

Sex hormone binding globulin showed the most significant and consistent relalionships with the

anthwopomeltric parameters in patients and controls, compared with the other endocrine variables.

On US examination, a unilateral PCQ was diagnosed in eight patients (20.0%;), Thick stroma, the most

sensilive single criterion, was found in at least one ovary in 95.2% of the patienis. However, ovarian

volume > 9.0 cma, of cither ovary, was found in only 55.0%, the least semsitive ultrasonographic
parameter. Both ovaries showed more than 10 follicles in one plane in 85.7% of patients. However,
combination of more than one US criterion increases its diagnostic value. The TOV showed a wide
vartation with patients and that the ovary is not static, even in the relatively stable conditions of

oligo/amenorrhaoea.

The intra-individual variation int biochemical markers (Franks, 1989} questions the selection of controls
based eulirely on the absence of PCO-like symptoms and biochemmical markers. This is particularly the
casc in obose wornery, as obesily is cornmon in PCOD (40.5%) ard the prevalence of PCOD in obese
womnert can be expected to be high, given the high prevalence of PCO in the gencral fomale population
(Polson et af 1988).

In the present study, subjects with PCOD, diagnosed on US scan, had sigrificantly higher BMI, LH
concentrations, LH:FSH ratio, T concentrations and FAI and lower SHBG levels (han did the controls,
However, it has been reported that oligo/amenorrhoeic subjects with normal ovarics had signiticantly
Iower BMI, T and FAI than did those with regular cycles {Eden, 1988; Eden ef o/ 1988a; Eden ¢t af
1988b).
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CHAPTER FIVE : INSULIN SENSITIVITY

5.1 INTRODUCTION

Insulin resistance is a metabolic state in which physiological concentrations of 1 produce a less than
normal biological response. The fasting plasma glucose concentration depends primarily on the rate of
hepatic glucose release, which in turn is regulated by the T concentration (Caro, 1991; Dunaif, 1992a).
The initial step in [ action is binding of the hormone to cell surtace receptors which causes activation of
tyrosine-specific protein kinase activity. The receptor ilself is phosphorylated. Subsequent cvents
include generation of intracellular signals, modulation of enzyme activities, and importantly, stimulation
of the ability of cclls to take up and wvse glucose. Disturbance at any of these sites could result in IR
(Harrison ef af 1976; Ciaraldi er o/ 1992; Dunaif, 1992a). Therefore, IR may be due to : decreased
nuinber or defective function of I receptors (type-A), 1 receplor antibody (type-B), or post-receptor defects
in T expression (type-C) (Moller & Flier, 1991; Dunail, 1992a). Normal glucose concentzation can be
maintained if I-resistant persons are able to maintain a state of chronic hyperinsulinaemta (Dunaif et af
1990; Moller & Flier, 1991). Insuolin resistance will resnlt in decreased 1 mediated glucose nptake into
peripheral tissue and increased glucose release from liver, defects that are partially compensated by
increased I secretion. Since a partial compensatory response to IR is hyperinsulinaemia and because IR
may not be equally manifested in alt I sensitive tissnes, there may be a relative increase in I action in
some tissues (Caro, 1991). The evidence has appeared to suggest that although hyperinsulinaemia may
prevent NIDDM from developing, the cost of this is subsiantial. Specifically, it has been proposed that
resistance to I-stimulated glucose uptuake and hyperinsulinacitia may play a central role in the cause and
clinical course of seveoral discases, including high blood pressure, abnormal lipoprotein metabolism and
CHD.

Elevated I and/or C-peptide concentrations have been associated with increased risk of development of
NIDDM in most populations, An increased fasting proinsulin/l ratie, which may be a marker for early
B-cell dysfunction, has been associated with increased develupment of NIDDM (Haffrer, 1996). The
plasma FI concentration is largely determined by the glucoss concentration and the basal hyperglycacmia
in diabetes appears to arise from the feedback loop Detween the liver and P-cells, thereby maintaining an
cffective 1 action in the liver and at the periphery. The degree of basal hyperglycaemia is thercfore
determined by a comibination of B-ccll deficiency and IR (Matthews et af 1985).
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Hyperinsulinaena, secondary to a poorly characterized disorder of I action, is a feature of PCOD (Chang
et al 1983; Pasquali ef of 1983, Dunaifl ef a/ 1989; Dunaif ¢/ o/ 199¢0; Rajkhowa ef af 1994, Harrington
& Balen, 1996) and patienis with PCOD are at risk to develop NIDDM (Dunaif ef af 1990). In the
noimal person there is a 14-minute cycte of plasma 1 scerction known (o occut.  Althougl many factors
ltave an influence on the basal concentrations of FI and glucose, tlicre is a major role for the simple
interaction of plasma glucose and I between the liver, B-cells and periphery (Matthews «f o/ 1985), The
cellular mechanisms that account for target tissue IR in PCOD are unknown. Insulin resistance in PCOD
involves a marked defeet in glucosc transport sensitivity without significant alicrations in receptor
dynamics. This uniqne feature distinguishes it from TR in obesity and NIDDM where both receptor and
post~recepior defects are involved (Ciaraldi et af 1992). Obesity can also have an impact on 1 action
(Ciaraldi ef af 1992), Tt has also bgen suggested that androgens modutate IS in PCOD (Bruno ef af
1985). Studies have shown that chronic hyperinsulinaemia may be responsible for the hyperandrogenism
in PCO (Shoupe ef af 1983; Buyalos ef af 1993; Eikind-Hisch ef ¢/ 1993; Rajkhowa ef a7 1994), although
the mechanism(s) is unclear. Endogenous opiates are at least parlially responsible for the
hyperinsulinaemia and IR in PCOD (Givens ¢f o/ 1987; Laatikainen ez ! 1990); although their role in

the pathogenesis of PCOD is unclear.

This chapter sets out to explore the relationships between IS and disturbances of ovarian finction seen in
patients with oligo/famenorrhoea. After consuitation, the method selected to estimate IS was the “ Short
Insulin Tolerance Test ” (SITT), in which the sensitivity to I acininistration is cstimated over a 15
mimute period by calculating the xate of decline in glucose concentrations. Fasting I (and glucose)
measurements were taken as lhe initial part of the test, so simpler estimates FI and FIRY) may also be
used (Cleland er af 1996).

There are well established relationships between anthropometric variables and IS, so these can be used to

compare the results of laboratory estiinates of IS.

Basal mctabolic variables of the study groups were recorded as were the changes which occurred during
the SITT, ic. over the 60 minuntes following the adminisiration of I, The mean of 3 samples at 13
minutes, 5 minutes and 0 mioute prior to he I injection was catewlated and used as the basal valvee for

glucose (Chapter Three).

The SITT was carricd out on lwo occasions in cach subjoct. In the patients, the first was at least 15 days
after the last menstrual peried and in the controls the first was between cycle days 5-8, The test was

repeated in the luteal phase in the controls and in those patients who ovulated, whilst in patients who did
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not ovulate the test was repeated five weeks after the first test. The possible influence of the luteal phase
was studied and the variations in the tests of IS were examined. Correlations between the SITT values
(mear of 2 tests) and the anthropometric variables were effected, Fatlure to confirm the well-established
relationships between IS and the anthropontetiic variables as well as the practical problems of (he SITT
are discossed under 5.4.3. The alternative methods of estimnating IS ; - FI and FIRI- were exanined, and
the relationships between (hese and the anthropometric variables were compared.  These estimates were
used to examinc the relationships between IS and ovarian activily, including follicular growth and

Inteinization, and hyperandrogenism,

52 BASAL METABOLIC VARIABLES
CONTROL.S)

(PATIENTS AND

The fasting basal serum levels of the metabolic variables measured before the first SITT test in the

patients in comparison to the control group, are shown in Table 5-1.

Table 5-1: Basal Metabolic Vaviahles observed at the first SITT for
the Patients and the Weipght and Age-matched Control group

Patients Contrals I’
0 34 1%
Fasting glucose ( mmol/T.) 513 £ 049 5.0% +0.58 NS
FI { mIU/L) 12.47 £ 9.93 7.5345.62 0.057
C-peptide (ngiml ) 1.21 +0.66 1.04 + 0.69 NS
IGF-I ( nol/L ) 13.24 + 5.51 33.08 + 14.24 <0.0601
GH (ng/nl )+ 2261445 2.48+317 NS
Cartisat (up/dl. ) 14.29 + 6.56 15.50 £ 4.53 NS
PRL (IU1.) * 291.1 & 240.0 436.2 + 532.0 NS

Gronps wens compared nsing Student’s t-fest, except for valnes with (¥) where Mann-Whitney
nonparametsio lest was used for compacison. NS means P 2 0.05. Numbcr of patients was 34,
oxcepl FGF-I was 18,

The fasting glucose and I estimations were taken at 08:00 hour after an overnight fast. The ghucose

concentration represented the mean of 3 values for each individual prior to the administration of I.

The cut-off accepted valve for normal FI in this study, derived from the control group data, was 13
mHJ/L (mean = 18D of own control proup), which agrecs with the findings of other observers (Dunaif ef
al 1989; Buyalos ef al 1991; Nestler ef af 1991; Akinmokun et of 1992; Dale et af 1992b).
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All individuals had normal fasting blood ghicose concentrations, with the highest values of 6.6 mnol/L
for patients and 6.8 mmol/L for controls and the mean values were similar in both groups. Fourteen of
the 34 patienis (41.2%), and 5 out of 19 controls (26.3%) had F1 concentrations significantly higher than
tic normal cui-off value. This distribution would explain the bordertine significance seen when

comparing the (wo groups (P = 0.057) (Table 5-I).

There was a significant difference in the fasting level of IGF-I between the two groups (Table 5-1). This
agrees with observations from Barreca ef /. (1996) who found lower IGF-I levels in follicular fluid of
patients with PCOD than in normally ovulating women. Slowinska-Srzednicka er ol. (1992) reported a

similar observation in serum, but the difference between their patients and controls was not significant.

The mean basal GH appeared to be slightly lower, and the fasting C-peptide was slightly higher in the
patients than the control group bul these differences were not significant. However, the actual GH levels
were unclear in both groups, since many (33.3%) of the samples were below the lower limit of assay

scnsitivily {0.2 ng/mL). Fasting serum cortisol and PRL levels were similar in patients and conirols,

Correlations of the Basal Concentrations of the Metabolic Variables and the

Reproductive Hormones
1. Fasting Insulin

There was no significant correlation between the basal FI and E . LH, FSH, LH:FSH, T, 17a-OHP, A or
DHEA-S in cither patients or the control group. However, basal FI was negatively and significantly
corrclated with SHBG in both patients and controls, (r = -0.45, P < 0.0001; r = -0.65, P = 0.0025;
respectively) (Figure 3.1}, Although there was no correlation with T, basal Tl levels were positively
correlated with FAT in both patients and controls, (x = 0.50, P < 0.0001; r = 047, P = 0.041; respectively)
(Figure 5.2).
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Figure 5.1 :

Carrelation : SHBG and FI in Patients and
Controls

1501 «  ©=-0.45, P <0.0001 (D)
A y=.0,68, P =0.0025 (CIRL)
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Figure 5.2 :

Correlation : FAI and FI in Patients and

Controls
20
*  p—0.50, P <0.0001 (PN)
o y=(.47, I=004% (CTRL) .
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In the patient gronp, basal F1 was significantly correlated with the basal fasting glucose concentration (r
= 0.47, P = 0.0048)}, whereas for the controls there was no correlation (r = 0.35, P = 0.14) (Figure 5.3).

There was ne correlation between FIL and YGH-1, GH, cortisol or PRL in either gronp of women.
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Figure 5.3 :

Correlation : Fasting insulin and Fasting
glucose { All subjects )
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2. Fasting Glucose

Basul fasting glucose was not courelated with basal Ez’ LH, FSH, LE:FSH, T, SHBG, FAI [7a-OHP,
DHEA-S, A, PRL, cortisol, GH, IGF-I or C-peptide in ciiher gronp of the study.

3. Growth Hormone and IGF-I

No significant relationship was found between basal GH levels and thesc of any of the basal E ,» LH, FSH,

LH:FSH, T, SHBG, FAI, A, 17c-OHP, cortisol, fasting glucose, FI, IGF-[ or C-peptide in either the

patients or the controls,

Basal IGF-] values in the patients were not corrclated with E , LH, FSH, LH:FSH, T, SHBG, A, 17u-

QHP, cortisol, fasting glucose or C-peptide. Ilowever, FAT demonsirated a positive, although weak,

corrclation with IGF-I values (v = 0.46, P = 0.0465). Ir the controls, there was no correlation between
1GE-1 values and any of the other variables measured.
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5.3 INSULIN SENSITIVITY : METHODS USED TO ASSESS
INSULIN SENSITIVITY IN THIS STUDY

Since the description by Himsworth in 1936 that hwmnan disease could be assoctated with reduced
sensitivity to I (IR), several methods have been developed for deiection and quantification of IR (Caro,
1991},  Insulin resistance is diagnosed whoen normal glucose lovels exist in the presence of
hyperinsulinacmia (Burghen et af 1980), and generally derives from abnormal metabolic aclivity in
peripheral tissues, while hyperinsulinasmia results not only from ncreased secretion of 1 by B-cells, but
also from impairment of receptor-mediated clearance of 1 by resisiant peripheral target cells. The clinical
consequences of IR result from either deficient {due to reduced uptake) or excessive (due to high
circulating levels) I action. An elevated FI is a common feature of IR. ‘fhe GTT, euglycaemic I-clamp
technique, the minimal model techrigne and SITT are all provocation methods which have been used to
quantify IS, Other tests include measurernent of IS in-vifre in cell cultures and tissue samples. However,
most of these tests are complicated to perform on a large series of patients and there has been much

debale about the relative merits and limitations of each of them.

METHODS FOR ESTIMATING INSULIN SENSITIVITY

Total body IS can be assessed via the intravenous GT'T, or minimal model, where an intravenous glucose
injection is followed by frequent determinations of plasma glucose and [, and the results of this corrclate
well with the englycacmic clamp technique (Donaif, 1992a), The tesi requires less stafling and could be
used in a highly specialized clinical setting (Caro, 1991). Although the euglycaemic insulin-clamp
technique is the most widely accepted standard method for estimating IR against which other methods
are compared, if is expensive, time-consuming, requires specialized equipment and highly trained
stafiing, and the feedback control of glucose levels, all of which make it a laboratory investigative
procedure rather than suitable for use in a clinical setting (Caro, 1991). These disadvaniages
demonstrate the need for an acceptable method to measure IS that could be used in large scale studies or

even clinically.

One possible altternative is the glucose/T infusion test which correlates well with the euglycaemic clamp

but is costly in time (3 hours).
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Another alternative to the cuglycacimic clamp, the SITT is a short useful alternative (Akimnokun ef af
1992; Hirst et af 1993). Results suggest that the SITT is a suitable mnethod of assessing IS and
particnlarly useful for large-scale studies, although the requirement for arterial blood adds a measure of
complexity (Matthews ef of 1985; Akinmokun ef gf 1992; Holte ef of 1994a). The SITT is simple and
rapid to perform. The method is used increasingly in clinical research because studies have shown that
the rate of fall of blood glucose during the SITT, the KITT-value, significantly corrclated with the
euglycaemic clamp (Akinmokun ef a/ 1992). Another advantage of the SITT is that the tcsl is safc,
reproducible and could be used to measure IR in large-scale epidemiological studies (Akinmokun e al
1992; Hisst er ol 1993).

The degree of IR and deficient (-cell function can be assessed from a patient's Tl and glucose
concentrations (Matthews ef o/ 1985). TFasting plasma GLU/INS ratio may provide the simplest estimate
of IR. The higher the plasma FI concentration for a given fasting plasma glucose, the more IR an
individual is. It is technically simple and inexpensive, and the availability of moie accurate I assay
methods has helped to overcome its limitations. Fasting T and FIRI ate simple and reproducible
measures of IS (Cleland et af 1996).

The literature shows conflicting reports about the correlation between hyperinsulinacinia and ovarian
hyperandrogenism in PCOD. Sowe growth factors, such as IGF-I, may have an imporlant role in
modulating the ovarian response.  Among hormones known to cause or predispose o TR are GH, cortisol

and PRL, The SITT test was the method used in this study io investigate such correlations.

The aim was to use the STTT to investigate IR in patients with oligo/amenorrhoea (PCOD) and controls
by reference to anthropometric criteria and also aspects of ovarian activity. Simpler methods of IR

assessment were also available and used to compare with the resulis from the SULE.

5.4 THE SHORT INSULIN TOLERANCE TEST ( SITT))

5.4.1 CORRELATION OF “SITT ” VALUES WITHIN SUBJECTS

The mean fasting hormonal and metabolic vatiables at the first and the repeat SI'1'L, of the patients and
the controls are shown in Tabie 5-11.



Mean fasting blood glucose concentrations were simitar in the first and second SITT, and FI

concentrations were almost identical on the two occasions of testing for both patients and the controls.

There was no significant difference in the GH, 1GF-1 or C-peptide in the 1 sample in the first and second

SITTs in either group, It shoutd be emphasized that IGF-I valucs, on both occasions were significantly
higher in the control group than in the patients (P < 0.0001). Fasting GH values were almost half the
levels of the controls (P< 0.0001), when the repeat SITT was effected few wecks later,

‘Lable 5-If : Metabolic Variables in the Basal State during SI1'Y's for the Patients and the Control

group

Patients Controls

st 81T 2ud SITT P {st SITT 20d SITT P )
FI (mIU/L) 12.47+9.93 12.09+9.17 N8 7.53+5.62% 8.65+6.69* NS NS
Fasling glucose (mnol/L) 5.13=0.49 4.98=G.52 NS 5.09+0.58 5.11+ (L44 NS NS
C-peplide(ng/mb) 1.21::0.66 1.21=0.88 N8 1.04+ 0.69 1.104: 0.59 N§ NS
GU (ng/mL ) 2.26:4.45% 1.064£2.77* NS 2.48+3.17% 2,19+ 2.86* NS <0001
JGF -1 ( nuuol/L) 13.2415.51 11.88+5.58 NS 33.08+14.24 29.83+11.17 NS <0.0001
Cortisal (ughdL) 14.29+ .56 12.67=6.53 N8 15.50+4.53 12.18+ 4,48 0.0365 NS
PRI, (1U/L) 201, 1 240* 294.6x 277 NS 436.2:+ 532*% 237.5£119.5 NS NS
KITT-value (%min ) 4.4 x2.15 4.24+2.36 NS 4.91% 3.07 4.18+ 1.46 NS NS

Groups were compared usiug

comparisoiy. (P*¥), comparing patients with conlrols, was caleulated using analysis of variance where P > 0,05 is NS,

Student's t-test, except for valuss with ¢*) where Mane-Whitney nonparamctric test was used for

There was a close correlation between FI level at t before the first and the repeat SITT in both the

patients and the control group (r = 0.86, P< 0.0001; r = 0.78, P = 0.0001; respectively) (Figure 5.4),

Similarly, a significant correlation was found betwveen the t, GLU/INS ratio during the first and the

repeal SITT in the patienis, (r = 0.80; P < 0.0001). I was not significant, however, for the controls (¢ —
0.33; P=10.19) (Figure 5.3).
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Figure 5.4 :

FI-2 (mIUL)

Figure 3.5 :

GLU /NS -2 ratio

Correlation : FI during SITTs in Paticnts and Controls
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The glucose and I responses during the SITTs are depicted in Figure 5.6, For the purposes of the graph,

I concentration shouid start at L, L. assume L=t 15. Followinyg the intravenous injection of 1, blood

glucose levels started to fall {from the third seinute in bolh groups.
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An index of IS, assessed using the rate constant KITT, was derived from a semilogarithmic plot of the
decay in blood glucese values between t, and t (lcast squares analysis of concentration gradient) after
the injection of I (dosc = 0.1 IU/Kg). The KITT-value, was therefore calcntated from the stope of glucose
disappearance between 3 - 15 min, nsing arterialised blood samples. The mean KITT-value of 4.55 +
2.27 in the contirol group appeared to be similar Lo those published for control populations by Hirst er a/.

(1993) and by Akinmokun et a/. (1992). However, the high standard deviation (50%) may indicale an
inherent weakness in the reliability of the test.

Figure 5.6 :

Glucose and Insulin Response
All subjects
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Following intravenous injection of I, the mean blood glucose concentration, fell from 3.08 (¢, - sample) 1o
2,91 mmol/L .- sample) for patients, and from 5.14 to 2,90 mumol/L for controls, while the mean

plasina I concentrations rose 1o supraphysiclogical levels at 9-minutes and declined by 15-minutes (Table

5111, Circulating I lcvels at 9-minutes were similar in the two groups but showed wide variatians (SD)
(Table 5-111).
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Table 5-JIL: Mean glucose and I responses of patients and controls to injected I during the

SITT
Glucose {(mmol/L) I {mIU/L)
Tine Patients Controls P Patients Confrols P

0 - samples 58 +0.45 5.09:k0.46 NS 12.34+ 9149 R.09:1:5.53 0,071
1 min-samples 4,79 £0.42 4.8710.42 NS

3 niin-samiples 478 +£0.41 4.8+ 0,44 NS

9 nuin-sumples 3873053 4.01 £0.45 NS 234.1+125.2 245.8380.18 NS
L3min-sumples 2911072 2.90+0.68 NS 125.3+180.0 112.3+93.40 NS

The KITT-valunes (KITT-1 and KITT-2), for the individual patients as wetl as for the controls in both
SITT tests are listed in Table 5-TV,

Table 5-IV : The KITT-Values ir the duplicate tests in Paticnts and

Controls
Patients Controls
KIT71-1 KUL-2 KIilT'l-1 Kilk-2 KITT-1 KITT-2
2.36 4.80 2.93 3.15 3.14 3.85
2.43 2.42 1.58 1.58 433 4.33
424 118 8.99 797 3.00 4.39
5.07 5.30 4,82 1.63 1.21 371
342 3.34 239 2.48 2.85 2.G5
421 436 4,07 192 5.21 5.28
491 5.41 6.35 5.64 1489 531
2.27 4.20 6.52 492 386 4,05
702 8.99 5.93 3.35 2.68 3.60
3.8¢ 2.94 4.64 496 6.52 5.25
6.24 9.60 4,58 2.90 534 2.94
2.84 500 6.23 6.23 3.99 3.99
2.2¢ 404 6.96 4.53 3.22 376
276 | 276 726 4.67 3.74 3,66
3.07 2.51 2.47 5.79 637 474
4.87 5.43 3.66 3.66
0.4¢ 0.40 6.13 1.86
593 6.34 3.98 491
346 2.79 5,56 8,22

In the patients, the mean KITT-value during the first SITT (KITT-1), and of the repeat SITT were 4.14

% / min, and 4.24 % / min, respectively,

There was a significant correlation between the KFTT-1 and the KITT-2 valucs in both the patient group
and the controls, (r = 0.60, P = 0.0004; r = 0.66, P = 0.008; respectively) (Figure 5.7). This shows that

the SI'1'Y yielded some level of reproducibility within patients when ihe analyses were effected few weeks
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apart in the patients and atter 2 weeks in the controls. However, the correlations indicated that the test
was less reproducible within paticnts or controls than the T values shown above (KITT: r = 0,60 and
0.66, FL: r = 0.80 and 0.78, in patients and controls; respeclively). This low level of correlation between
KITT-1 and KITT-2 within paticnts is also lower than {hat reported for SITT when comparted to {he
euglycaemic hyperinsulinacmic clamp (r = 0.86 in normal and 0.81 in diabetic subjects) (Akinmokun ef

al 1992).

Figure 5.7 ;
Correlation : KITTI-1 and KITT-2 in Paticnis
and Contrels

¢ p=0.60, P=0.0004 (M)
124 o r=0.66, P =0.008 (CTRL)
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Follicular “ SITT » vs Luteal “ SITT”

When controls were assessed in follicular and luteal phases, no significant difference was observed in the
melabolic variables, except for cortisol which was significantly higher in the foilicolar than the luteal
phase (Table 5-V)., The follicular phase mean KITT-1 was similar to the luteal phase mean KIT1-2,
(Figure 5.8).
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Fignre 5.8 :

Fable 5-V : Metabolic Variables in Follicutar vs Luteal SITT in Controls

15t SITT 2nd SITT P
[l (1alU/L ) 7.53 £ 5.62% 8.65 + 6.69* NS
Fasting glucose (mmol/L) 5.09+ Q.58 5.11+ 0,44 NS
C-peptide (ug/mL) 1.04+0.69 1.10 + 0.59 NS
GH (pg/mL) 2484 3.17% 2.19 & 2.86% NS
IGF-I (mnol/L ) 33.08 + 14.24 20.83+11.17 NS
Cortisol (ug/dL) 1530453 1318 £ 148 00365 _
PRL (TU/L) 436.2 = 532.0* 23751195 NS
KITT-value (Ya'min ) 4.51:3.07 4.18+ 146 NS

nonparametric test was used for comparison. > 0.05 s NS.

KITY-values Follicular vs Luteal Phase in

Groups were comparcd using Student's ttest, cxcept for valucs with (¥) where Mann-Whitnoy
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The difference in IS betwcen ovulatory and anovnlatory cycles in the patient gronp, measurcd by the

mean KITT-values is demonstrated below, and it shows similar resulits in the two subgroups, (Figure

5.9). This means that the mean KITT-value is valid for both patients and controls, to be used in any

further analysis.
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Figure 5.9
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5.4.2 RELATIONSHIP BETWEEN “SITT” AND ANTHROPOMETRIC
VARIABLES

Insulin scmsitivity and anthropometric criteria enjoy well established relationships (Sharp et &/ 1991;
Rajkhowa ef a7 1994), such that any test for IR may be assessed relative to those criteria to confirm
roliabilily. There is already some level of doubt with respect fo the reliability of the SITT as assessed in
these experiments becaunse it showed poorer correlations than I levels within individuals, and the mean
KITT values in the patients aud controls showed no difference. The SITT was therefore examined with
respect to anthropometric criteria and compared o the other methods of assessing IR which were

available.

5.4.2.1 Relationship with BMI

Correlations between BMI and the basal metabolic variables are demonstraicd in Table 5-VI. The mean
KITT-values failed to show any relationship with BMI in either patients or controls (Figune 5.10), whilc
the FI and fasting plucose (in the patient group) showed the expected relationship between obesity and
IR,
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Table 5-VI : Correlations betwween BMI and the Basal Metabolic Vartables

Fignre 5.10 :

Patients Controls
r P t P
F1{ mIU/L ) 0.53 0.0003 0.75 0.00¢1
Fasting glecose (nunvl/L ) 0.54 L0011 027 0.271
C-peptide {(ng/mil.) 0.32 0.022 0.46 0.03381
GH (ng/mL ) -0.22 0.2116 0.49 0.0296
1GT-) ( nmeal/) 0.39 0.0975 0.33 0.194
nmiean KITT - valucs 0.25 Q.15 0.06 0.80
P 2 0.05 is not siguificam.
Correlation : Mean KIT -values and BM{
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5.4.2.2 Relationship with WHR and Waist

Table 5-VII : Correlations hefwween WHR and ihe Basal Metabolic Variables

Correlations betweer WHR and the basal metabolic variables are shown in Table 3-VIL

Patients Controls
T I r P

FI ( mIUI.) .40 0.0178 0.49 (0.029
Fasling ghicose { mimol/i. ) 0.55 0.0009 0.12 0.630
C-peptide (ng/mL) 0.16 0.36% 0.38 0.110%
Gl (nghnt,) -0.33 0.0573 Q.46 00412
{GE-] (nuol/L) 0.27 0.2697 .36 (.1609
wwan K1TT-values 0.5 1).39 0.18 0.45

Pz 0.05 is not significant.
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As with BMI, mean KITT-values did not show any relationship with waist measurements or WHR
{Figures 5.11 and 5.12), while the FI and fasting glucose (in the patient group) showed significant

correlations with truncal obesity.

Figure 5,11 :

Correlation : Mean KITF-values and WHR
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5.4.3 CRITICISM OF THE “ 8ITT”

Although 1he SITT has been evaluated and found to be a safe, simple and "reliable" test to assess IS
(Akinmokun et af 1992; Hirst ef af 1993), in this study the KITT failed (o comply with the well
established relationships between IR and the anthropometric variables BMI and WHR. This may be due
to inherent problems with the endocrinology of the test, or to simple practical problems. Furthermore,

the SITT gave disappointing poor consistency within individual patients or controls.

5.4.3.1 Practical Problems

There were some practical problems. First, F-induced hypoglycacmia is unpleasant for the subject and
potentially dangerous. Two of the patients (5.9%) (Figure 5.13), and one of the controls (5.0%),
developed symptomatic hypoglycaemia and had a blood glucose level of £ 2.0 mmolA. by 15 minwtes,
Their I contcentrations ai 15 minutes were 20 and 80 mIU/L for the patients and 32 mItJ/L for (he control
subject. Second, difficnities were encountered in maintenance of the intravenous access used to coliect
an arterialised blood sample for glucose cstimation over the period of test. This problem was more

pronounced in obese individuals and those who smoked.

5.4.3.2 Variations of Insulin Profiles

In spite of fairly consistent glucose responses (Figure 5.13), I concentrations showed variable patterns
and inconsistent profiles following T injection during the SITT, These variable profiles were observed in
both patients and control gronps and occurred despite dosage adjustment according to BMI (Figures 5.14
and 5.15),
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Figure 5.13 :

Glucose Response to Insulin 0.11U/Kg body
weight in Patients

Glucose ( mmol/L )

Insulin (mIUA)

Time (minutes)
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Figure 5.14 :
Insulin Responses following injection of
0.11U/Kg body weight in Patients
D
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Figure 5.15 :

Insulin Responses following injection of
0.1TU/Kg body weight in Controls

Insulin ( mIUA)

Time (minutes)

5.5 ALTERNATIVE ESTIMATES OF INSULIN SENSITIVITY

5.5.1 FIandFIRI

It has been reported that FIRI is a reproducible measure of IS (Matthews et al 1985; Cleland et al 1996).
The FIRI is calculated from the formula : fasting glucose x FI / 25 (Cleland er a/ 1996), such that
individuals who show both raised glucose and I levels could be IR, in contrast to the GLU/INS ratio
which would tend to normalise the assessment. It may be a reasonable measure of IR in both non-
diabetic and diabetic individuals. Its use may obviate the need for more complex procedures to obtain a
useful index of IR in large-scale studies. Cleland et al. (1996) reported a mean FIRI of 2.77 for normal
non-diabetic individuals. A significant correlation was reported between log] , FIRI and IS during

euglycaemic hyperinsulinaemic clamp (r = 0. 67, P < 0.001) (Cleland et a/ 1996).

Weak, but significant correlations were found between the mean KITT-values and FI and mean KITT-
values and FIRI ( Figures 5.16 and 5.17).
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Figure 5,16 :

Corrclation ; FI and mean KITTE- valucs in

Patients
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Fasting I, FIRI and Iog] o FIRI were significantly reproducible, in patients and in controls, during the first

and repeat SITTs. These correlations are shown in Table 5-VIII and Figures (5.18 - 5.20). The mean

valnes of FIRI for pattents and conirols were lower than those reported for normal non-diabetic
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individuals (2.77) (Cleland ef af 1996). 'I'le FIRI is dependent on sampling in the fasted state, and on

the reproducibility of the I assay used.

Table S-VIII ; Mean Vilues of FI and FIRI within Patients and Controls

Patients Controls
1st SITT Znd SITT P 1st SI'T'T 20d SITT P P
KI'TT (%2min) 4.14:2.15 4.2412.36 NS 4,9113.07 4.18+1.46 NS NS
FI (mlU/L) 12.4749.93 12.0949,17 NS 7.5345.62 8.6546.69 NS N§
GLU/INS ratio 0.6740.50 0.64+0.40 NS 0.97+0,66 0.81:+0,53 NS NS
FIRL 2.5242.31 2.44£1.98 NS 1.94+1.89 2.11342.02 NS NS

Groups were compared using Sludent's t-test. (P*), comparing patients with controls, was enfeulated using analysis of variance where
P2>0,05 is NS.

Figure 5,18 :

Correlation : FI during SITTS in Patients and Controls

60

*  1=0.86; P <0.0081 (PT)
50 0 yr=062; P =0.0079 (CTRI)

FI-2 (mIU/L )

i I |
] 10 20 30 4 U 60

FI-1 ( mIU/L }

Tablc 5-IX shows the cortelations between indices for measurement of IS between SITT-1 and SITT-2 in
patients and controls. The KITT-value was the least consistent within patients and conirols, while Ff
and FIRI showed equally good correlations. There was a surprisingly poor correlation between the two
tests in the weighi-matched control group, probably due to 2 exceptional values observed. Although the

SITT-2 was carried out in the luteat phase, cycle phase showed no eliect {Table 5-V; Figure 5.8).
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Table 5-IX : Correlations between SITT-1 and SITT-2 within Patients and Controls

Patients Controls
T P s P
KITT (So/min) 0.60 ] 0.0004 0.66 0.008
11 (n}UAL) .86 <4.0001 0.78 0.0001
GLU/INS ratio 0.80 <0.0001 0.33 0.19
FIRI 0.83 «0,0001 0.85 < 0,000}

P 2 0.05 js not significant.

Figure 5,19 :

FIRI-2
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Figure 5,20 ¢

Log,, FIRT -1

1.0

Correlation : Lag,, FIRT -1 and Leg,y FIRI -2
in Patients and Conirols

* ¢ =070, P <0.0001 (PT)
U p=0.77, P =0.0002 (CTRL)

I.«Ogm FIRI -2

5.52 CORRELATION OF FI AND FIRI WITH ANTHROPOMETRIC

VARIABLES

As stated above, the expected correlations of anthropometric variables with KITT-values was poor, so

investigations were carried out to determine if the relationships of TT or FIRI with these variables were

more reliable criteria reflecting IR, and showing the expected reiationships.

5.5.2.1 Relationship between FI, GLU/INS ratio and FIRI and BMI

The relationships between BMI and FI, GLU/INS ratio and lcng1 o FIRI were all significant in both

patients and controls {Figwres 5.21 - 5.23).
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Figure 5.21 ¢

50+

40

-4
1

FI{ mIU/L)

3
-
i

Correlation : Fi and BMI in Patients and
Controls

v=10.55, P =0.0003 (P1)
=070, I’ = 0.0007 (CTRL) »

Figure 5.22 :
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Figure 8.23 :

Carrelation : Log,y FIRT and BMI in Paticnts
ang Controls

157, r=10.63, P < 0.0001 (PT)
g p=0.78, P <0.0001 (C1RL)
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While the KITT-values did not show any difference between lcan and obese paticnts and controls, other
indices of measuring IR were significantly higher in obesc than lcan individuals (patients and controls)
(Table 5-X). Lcan paticnts showed significantly higher FI, GLU/INS ratio and FIR1 than their weighi-

mafched controls bt obese individuals (patients and conirols) were similar.

Table 5-X : The Relationships between BMI and Indices of IR in Patients and Controls

Patients Countrols
<29 >29 P <729 =29 P P* pr*
KITT (%fmin) A.5442.17 3.4042.04 NS 422+1.93 5.59+4.04 NS NS N§
Fl( mIU/L) 8.79:45.52 17.53£11.1 | 0.0024 | 4.67+1.90 16.3348.57 | 0.0002 0.0178 | NS
GLU/INS matio 0.76+0.42 0.3930.17 0.0058 | 1.2440.54 0.40:0.19 0.0006 0.0074 | NS
FIRI 1.8311.21 3.79+£2.57 0.0049 | 0.9310.40 3.55£2.15 0.0006 00194 | NS

Groups were compared using Stadeni's t-test. {P*) compares patients and controls of BM1 < 29, while (F#*) compares patients and
contrals of 4M1 2 28, P 2 0.05 is NS.



5.5.2.2 Relationships between FI, GLU/INS ratio and FIRI and WHR and Waist

Measuremeints

Similar relationships, although less significant, were found between WHR and FI, GLU/INS ratio and

logl 0 FIRI. The WHR and waist measurements {cm)} showed atmost identical retationships with FI and

log, , FIRT in the patients, T the control group, stronger correlations were observed between FT and log,

FIRI and waist measurement than that of WHR (Figuies 5.24 - 5.29) .

Figure 5.24 :
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Figure §.25 ¢

Figure 5.26
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Figare 5.27 :

Figure 5.28 :
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Figure 5.29 :

Correlation : Log;, FIRT and Waist in Paticuis
and Controls
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KITT-valucs were similar in individuals with WHR < 0.8 and those with WHR = 0.8. However, the
differences were signiticant when FI, GLU/INS ratio and FIRI were compared between subgroups of
WHR (Table 5-XI). No significant difference was nroticed between patients and their WHR-matched

controls,

Table 5-XI ; The relationships between WHR and Indices of IR in Patients and Controls

Patients Controls
<08 0.8 » <0.8 > 0.8 P PR P
KTTT (Ymin) 4.15£1.99 4.14+2.22 NS 3.8041.00 5.8443.63 NS NS NS
FI (mlIUL) 6.0+1.56 14.0249 69 0.0266 6.05+5.95 13.34+8.57 0.0376 | NS NS
GLU/INS tatio 0.8740.24 0.5620.40 0.0843 1.2240.6} 0.53:+0.33 0.0071 | NS NS
FIRI 1.23340.37 2.8742.16 0.0775 1.35+1.64 2.76+1.94 0.0945 | NS NS

Groups were compared using Student's -test. {P*) compares patients and controls of WHR < 0.8, while (P*¥) compares
patients and controls of WHR 20.8. P 20.05is NS.

3.5.3 INFLUENCE OF CYCLE PHASE { CONTROLS')

Values of FIRY determincd in the follicular pbase are compared with those in the futeal phase of the

controls (Figure 5.30). Cycle phase showed ao significant influence on FIRE. The mean follicular phase
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FIRI (1.92 £ 1.89, range 0.37 - 7.56) was not different from the luteal phase FIR! (2,11 + 2.02, range

0.56 - 7.36).

Figure 5.30 ;

Follicular aud Euteal Phase FIRI in Conirols
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5.5.4 HYPERANDRQOGENISM AND INSULIN SENSITIVITY

The relationships between the circulating androgen concentrations and the varicus estitnales of IS were

stodied (Table 5-XII). There was no significant corrclation between FE and T, A, or DHEA-S. Similar

observalions were noticed with logl 0 FIRT and GLU/INS ratio.

Table 5-X1¥ ; Correlations between Hormonal Indices of Hyperundrogenism and Estimates of 1S

FI 1 o TMRY
rT CTRL PT CTRI.
r Iy r ? r P T P

T (nmal/L) 0.13 0.47 0.05 0.85 0.22 0.22 0.15 0.53

A (nmol/L) Q.14 0.42 0.26 0.29 .10 0.56 011 0.64
SHBG (mmoll.) 0.45 <0,0001 | -0.65 0.0025 0.54 <0.0001 | -0.57 0.0004
FAI 0.50 <0.0001 | 047 0.041 0.55 < 0,000] 0.57 0.0002
DHEA-S (umol'L) 0.16 0,36 0.05 0.84 0.13 0.31 0.10 058
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On the other hand, there were powerful correlations between the estimates of IR and SHBG (Figures 5.31

-5.32) and FAI (Figures 5.33 - 5.34) in both patients and controls. Fasting I and log = FIRI showed

almost identical patterns.

Figure 5.31 ¢

Correlation : SHBG and FI in Patients and
Controls
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Figure 5,33 :

Correlation : FAX and FI in Patieats ana

Controls
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Androgenized patients, with low SHBG (mean £ SD of that of the control group), as expressed by FAI >

4.5 (mecan * 15D of study controls), showed significantly higher values of FI, logl 0 FIRT and lower

GLU/INS ratios thaa did those with normal FATs (Table 5-XH1), (Figures 5.35 - 5.39).
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Table 5-XIII : Relationship between Hyperandrogenism and IS (Patients)

FAI <435 TAI= 45 P
Mo. of Patients 16 i8
TI (mlU/L) 7.23+3.44 16,79+ 10.38 0.0006
GLU/INY ratio 0.834:0.41 0.42:£0.25 0.0014
FIRI 149+ 0.75 3.85+237 1.0021
Figure 3,35 ;
FI and SHBG in Patients
B0
®
P =0.0187
40—
— .
5 30 ..
£ )
B 20 .
_ Setle
LR o
10~ Yeer oo
entd —a
‘:- ogo
1]
SHBG <inean SHBG > 1ean
Figure 5.36 :
FI and FAI in Paticnts
30—
P =0.0006
E i
—_ (3]
=
;_:__: 30 o°
E [+]
5 20+ o
. '_"_"‘8“'5_"00 e
o oo
16+ e ot 009
. N
e p
1]
FAT< 4.5 FAI =45

163



Figure 8.37 ¢

Log,, FIRI and SHBG in Patients
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Figure 3.39 :

GLU/INS ratio and FAI in Patients
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5.6 RESPONSES OF OTHER VARIABLES TO INSULIN
ADMINISTRATION (PATIENTS AND CONTROLS)

The ceniral, adrenat and ovarian endocrine responses to 1 administration, in patients and controls, are

demonstrated in the following section.

5.6.{f CENTRAL RESPONSE
Patients

Gonadotrophins, GH and PRL responses {o I injcction in patients are shown in Table 5-XIVa. Growth
hormone, oue of the regulatory hormones for 1, showed a significant incrcase at 30-minutes which was

sustained until 60-minutes. Gonadoltoplins and PRI, showed to change.
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Table 5-XIVa : Mean Central Responses te I administration duving SITTSs in

Patients
O-minute 30-minuie 4 a0-minute P* PE*x
LB ([U/L) 8.75 £ 5,59 .15+ 1.66 NS 845+6.12 NS NS
TSE (1UAL) 49741.32 5.00+1.34 NS 4991 1.47 NS NS
GH (ng/mL) 1,69 £3.77 3.81 +6.74 0.0018 | 2.69+4.06 0.05 NS
PRL (TU/L) 303 :£278 313 +433 NS 292 & 204 N& NS

Groups were compared using Student's t-test, (1) compares 30-min witl: 60-umin, while {P**) compares (-min
with 60-min. P2 0.05 isNS.
Controls

Stmilaidy, in controls there were no significant changes in Gn and PRL responses io [ injection (Table 5-
XIVb), Growth hormonc showed, however; a different pattern with a rise at 30-minutes which was

instgnificani (due to wide variations between subjects), and then decreased significantly at 60-minuies,

Table 5-X1TVbh : Mean Ceniral Responses to T administration during SIT'Ls in Controls

0-minputc 30-minulc P 60-1ninule P* Pr¥
LH JU/L) 4.13::3.90 3.84+43.83 NS 3.66+3.42 NS 0.058
FSIE (JLL) 4.05 £1.90 4.06+1.93 NS 3.99 £1.96 NS NS
Gt {(ng/mL) 2.34 £2.98 4074543 NS 2.11£2.04 0.039 NS
PRL (IU/L) 340+ 398 61412 NS 320 +326 NS NS

Groups were compared nsing Student's ttest. (P*) compares 30-min with 60-min, while (P**) compares 0-min
with &-min. P> 0.05 is NS.

5.6.2 ADRENAL RESPONSE

Cortisol and DHEA-S responses to I injection in patients at O-minute, 30-minutes and 6C~minutes, arc
demonstrated in Table 5-XV. Cortisol, another regulatory hormone to the action of I, showed a late,
though significant response at 60-minutes. Dehydrocpiandrosterone-sulphate was measured at GO-
minutes and was not significantly different from the basal value. The controls showed similar patterns in

corlisol and DHEA-S responses.

Table 5-XV : Mean Adrenal Responses to I administration during SITTSs in Patients

G-mintile 30-minutc P 60-mte p* pr*
Cortisal {wp/mal.} 13.346.4 13.416.4 NS 15.8946.54 0.021 0.005
DHEA-S (umokl1.) 18051187 1732+1158 NS

Groups wers compared nsing Student's t-test. (P*) compares 30-min with 60-min, while (P**) compares O-tnin
with 60-min. P2 0.03 is NS,
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3.6.3 OVARIAN RESPONSE : ALL TESTS
Patients

The patients' main ovarian endocrine responses following cxogenous [ injection are shown in Table 5-
XVIa. Qestradiol showed a dramatic decroase at 30-minutes following the 1 injection and continned 1o

decline at 60-minutes, accounting for about a 17% decrease from the basal (t, = 60.28 pg/mL) values.

‘Vestosterone followed the same patlern, although to a lesser degice, and was significantly decreased at

GO-minutes compared to O-minute (1% decline at 60-mimuics).

Table 5-XVIa : Mean Ovarian Responses to I administration during SI'L'I's in Patients

{}-minute 30-minute r 60-minute P* | Sl
B, (py/mL) 6028 +23.19 | 34852125 | 0.0002 49851799 | <0.0001 [ <0.0001
T (unoliT) 2.19+1.36 205134 NS 1.93+1.18 N§ 0.006
SHBG(nmol/L) 46.55£25.24 | 54324269 N§ 4799 +26.54 NS | NS
TAl 6,10+ 4.67 3.94%2.84 N8 568 k4,14 NS NS
1GF- (runol/L) 12,58 £5.5 12.97 +5.43 NS

Groups were compared using Student's paired dala i-{esl. (P+) conipares 30-min with 60-min, while {P*¥) companes 0-min
witlt 6C-min. P2 0.05is NS,
Controls

Similar observations were noted in the control group as in the patients (Table 5-XVIb), No significant
change in SIIBG or IGF-I levels was obscrved but E; and T concentrations and FAI were significantly

decrcased across the test,

Table 5-X.VI1b : Mcan Qvarian Responses to I administration during SITTs in Controls

0-minute 30-minnte P O0-minute P¥ P
E (pg/mL) 77.27 £39.09 68.144£34,60 | <0.0001 | 63.29+30.20 0.0124 0.0011
T (nmol/L) 137 £0.74 1.29 £0.71 NS 1.15 £0.56 0.057 0.061
SHBG(mmol/L) 66.11 30,54 67.50+31.85 NS
FAI 248%169 | i 2.01:£1.29 0.0386
IGF-1 (nol/L) 31,64 = 12.83 31,59 £ 12.15 NS

Groupy were vompared using Student’s paived data t-test. (Px) compares 30-min with 60-min, while (1™*) compares 0-min

with 60-min. P z .05 is NS.
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Role of BMI

Growth hornone response aficr T administration was more pronounced in lean patients than obese

patients {Table 5-XVII), although the responscs in the control group were less remarkable.

Table 5-XVTE : Role of BMI in the Mctabolic Responses to | Administration

Patients {P-value)

Controls (P-value)

<29 229 <29 220
0-30  30-60 0-60 0-30  30-60  0-60 0-30 3060 0-60 0-30  30-60 0-60
GH (ng/mL) 0,027 0.0011 NS NS 065 0.025 NS 0.071 NS NS NS N8
Cariisol (ugfml.) N& NS NS N§ NS NS N8 NS NS NS NS NS
IGF-1 (unol/L) NS NS NS NS

Responses to I administration in Ovulatory Cycles

Follicular Phase

The 1esponses Lo 1 were analyzed, separating follicular and luteul phase (ests. These are tllustraled in

Table 5-XV1la. They show a similar trend o thuse described for the whole group but the decrease in T

is nol significant (P = 0.083),

Table 5-XVI]}la : Mean Ovarian Responses to I administration in the Foilicular Phase of
Ovulatory Cycles in Patients

0- minute 30-ninute P 60- minute p* ) ek
E (pg/ml) 59.60434.28 53.40::31.16 0.0072 | 48.80+27.84 0.0009 | <0.0001
T (awwl/L) 219 £0.88 1.98+ 1.03 0.083 1.95+1.01 NS 0.0924
SHBG(nmolL) 45,224 22.40 44.02 £ 23.85 NS
|_FAT 6024425 631 %427 NS
P (pg/mL) 0.75+0.52 0.63 +0.38 NS 0.76 % 0.52 NS NS
1GE-1 (nmolfL) 13.24 +5.51 12.56 4:3.6% NS

Groups wera compared nsing Student's paited data t-test. (P#) eampares 30-min with §0-min, while (P¥¥) compares
O-min with 60-min. P = 0.05 is NS.

Luteal Phase @

Ovarian T and P but nat E, responscs alter 1-hi were more pronounced when the liteal phase of

ovulatory cycles in the paticnts were analyzed (Table 3-XVIIIb).

In the lutcal phasc SHBG
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the tests performed in the futeal phase the P values decreased significantly during the iest.

Table 5-XVHIb ; Mean Ovarian Responses to I administration in the Luteal Phase of

Ovutatory Cycles in Paticnts

concenirations rose signiticantly during the test and as a consequence FAI values fell significantly. In

| O-minute 30-minute P 60-minnte P P**
E, (pg/ml} 794444258 | 7029 £36.68 0.0169 6438 £32.29 0.0032 0.0009
T (@nol/L) 2383205 | L1634 161 0.033 178 1.46 NS 0.0225
SHBG(nmol/L) 50.41 £22.22 64.06 + 26.89 0.0101
FAI 5.93+5.57 3.55+3.21 0.0279
P {(pg/ml) 6,89 +6.22 6.56 16,40 NS 5.83 415,12 0.077 0.0064
(GF-I (umol/L) 1633 £5.32 13334493 NS

Groups were compared nsing Student's t-test. (P#) compares 30-min with 60-min, whila (P**) comparas 0-min
with 60-min. 1" 0.05 is NS,

5.7 DISCUSSION

The SITT and FI and FIRI

in this study, the SITT test was the dynamic test chosen to measure JR. The fall in plasma glucose
coucentration inx the test depends on both the inhibition of endogenous glucose production (principally
from the Hver), and the simulation of glucose uptake by tissues (principailly the muscles); the faster the
decline in plasma glucose concentration, the more sensilive the individual is to I The dose of T used,
(0.1 TU/Kg), is supraphysiologicul, causing sappression of hepatic ghucose production/release. Hence, the
rate of glucose disappearance from the circulution is a measure of glucose uptake by the tissues.
However, hypoglycaemia often results when blood glucose reaches its nadir, by abont 20-minutes, and
this will trigger a pronounced counter-icgulatory response which in tum reverses thie decline in plasma
ghicose concentration. The glucose disappearance rate in the first 15 - 20 minutes should therefore
measure only the aclion of the injected I (Akinmokun ef o/ 1992). The rate of fall of blood ghlucose
(KITT-value) was calculated from values in samples collected at 2-minute intervals belween 3 and £5
minutes. The rate of fall in percent per minute was calculated using the least squarcs analysis and this

was taken as an index of IS (Rajkhowa ef af 1994) (Appendix V).
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The KITT-values found in this study are similar {0 those reported by other observers (Harrison ef af
1976; Akinmokun ef af 1992; Hirst ef af 1993), The mean KITT-value in normal weight, non-diabetic
adults reported was 3.0 %/min (range 0.59-4.84) (Harrison ef a/ 1976), higher than that expected in
diabetic individuals. In this study, the mean KITT-value for patients was 4.20 = 1.99 %/min (range
0.005 - 8.48). However, the mean KITT-values showed no difference between patients and their weight-
matched controls. Rajkhowa ef al. (1994) showed that the KITT-value, used as an index of 18, correlated
inversely with BMI, and cbese patients with PCOD had significantly lower KITT-values than did obese
controls, but Ican PCO women were similar to lean controls. The data reporled in this thesis do not

agree with these observations cither within the obese or lean groups.

The corrctations between KITT-1 and KITT-2 in bolh paticits and controls (r = 0,60, 0.63, respectively),
indicated the poor reproducibility of the test within the subjccts. These correlations were poorer than the
correlations of FI within subjects of this study (r = 0.86, 0.78; respectively), and the correlations reported
for SITT and the cuglycaemic clamp (r — 0. 86 for normal and .81 for diabetic subjecls) (Akimnckun et
el 1992). Analysis of the profiles of I concentrations during the SITT showed considerable
inconsistency. This may be related to the poor correlation between the 2 SITTs in sach subject.
Fuithermore, the KITT-values failed to confirin the well-established relationships with anthropomctric
variables, The reliability of the SITT must therefore be doubted; the FI or FIRI appeared to be morc
rcliable tests for estimaling IR with regard (o intra-subject consistency and also relationship with

anthropometric criteria.

Although a weak correlation was found in this study between the mean Fl and the mean KITT-values
and between the mean FIRI and the mean KITT-values in patients; the F1 and FIRI were found to be
more reliable within subjects and also showed the expected relationship with anthropometric eritexia.
Evidence from Elkind-Hirsch ef al. (1993) showed that in patients with PCOD, FI correlated well with
1R measured by intravenous GTT (¥ = 0.66, P < 0.02), sugpgesting 1lat FI levels are predictive of IR, ‘t'he
mean FIRI recorded by Cleland ef a. {1996) suggested that it may be an alternative mcthod with the

benefit of including patients with raised glucose and I,

INSULIN and GLUCOSE

All the individuals in the study had normal fasting glucose concentrations and the mean value of glucose
for the patients was similar to that of the control group. This agrced with the findings of other observers

(Buyalos ef af 1993; Holie e¢ af 1994a). Basal fasting glucose did not correlate with any of the endocrine
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or metabotic variables and the ghicose response to the injected I (0.1 [U/Kg ) was similar in both groups

of women.

The cut-off accepted vatue for normal Il concentration in this study, derived fram the control group data
{mean + SD), was 13.0 mIU/L. Similar values have been employed in other studies (Punaif ef af 1989,
Buyalos et al 1991; Nestler ef o/ 1991; Akinmokun et «f 1992; Dale ef af 1992b). Significantly higlter
mean FI concentrations were observed in paticnts with PCOD iirespective of BMI {Shoupe ef af 1983;
Chang et al 1983; Biuno ef af 1985, Lanzone ef of 19%0a; Buyalos ef af 1993; Conway ef af 1993,
Filicori ef al 1996). In tlis study 41.2% of the patienis and 26.3% of the control group were found to
have 1 higher FI than the cut-off normal value, this resulting in only a borderline significant increase in
T'I when comparing the patients to the controls (P = 0.057). A significant linear correlation between FI
and Gasting glucose values was found in the patienis only (1 = 0.47, P = 0.0048), suggesting a resistance

to T in the paticnl groap, bui uot in the controls.

C - PEPTIDE

In this study, fasting C-peptide levels were found to be similar in the patients and the control group.
These data contrast with the observation of Filicoti et ol (1996) who rcporiled lower levels in patients
with PCOD, white Holte et al. (1994a) showed higher levels in controls; these levels were increased in
patients with PCOD over the whole range of BMI. The incrcased C-peplide concentrations in these other
studies were presumably a byproduct of the increased | production. Ii is clear that the data concerning C-
peptide are confused, and the results from this study with weight-matched cases of oligo/amenorrhoea
and normal menstrual rhythin suggest that it has no pathophysiolopical role in the disturbances of

ovarian function measured under these circumstances.

INSULIN RESISTANCE and ANDROGENS

None of thte parameters used in this siudy to cstimate IS showed any significant relationships with total
circulating T or A in the study group. Simifar findings have been reported in the literature (Ciaraldi et
af 1992; Buyalos et 2/ 1993; Rajkhowa et a/ 1994), with no significant correlation of hyperinsulinaemia
with raised T and A concentrations in. obese and non-cbese PCO wonuen,  These authors suggested that

hyperandrogenaemia and IR were independent features of PCO and that obesity exacerbales the clinical

171



expression of hyperandrogenaemia. Others (Chang ef af 1983; Bruno ef af 19835, Geffncr ef al 1986)
have concluded that T concentrations, in patients with PCOD and their controls, were highly correlated
to fasting hyperinsulinaemia and IR which may be partially responsible for the observed imbalance in
glucose/insulin homeostasis. The data presenicd in this study support the former hypothesis that 1R and

hyperandrogenism are independent featuares.

In this study, FI was significantly correlated with SHBG (negatively) and FAI in both patients and the
control group. The corrclation betweon IR and FAI in the oligo/amenorrhoea group appears to be
sccondary to the inverse corrclation of SHBG to serum 1. Although I has been shown to have direct
effects on ovarian (heca cells, in vifro, the efliects of 1 on androgen metabolism are also likely to be by
modification of synthesis and sccretion of SHBG, which in turn, may lead to profound changes in
androgen clearance and production (Sharp e af 1991). Insulin, rather than sex sieroids, appears o be
the primary regulator of circulating SHBG concentrations (Duttaif, 1992a). Insulin is thought to lower
serum SHBG levels by acting directly to reduce hepatic SHBG synthesis (Buyalos et af 1993; Rajkhowa
et al 1994) such an effect of T was not seen in healthy non-obese women in the present study. There
were significant inverse correlations of SHBG with BMI in both patients and controls indicating {hat
hyperinsulingemia int obese patients lowered the SHBG levels. This was subsequently reflected in the
TAIL in both the patients and in the control group, and hence cnhances the manifestation of
hyperandrogenacmia,  Hyperandrogenized patients, with high FAJL showed IR as cxpicssed by
significant hyperinsulinacmia (P = 0.0806) and higher FIRT values (P = 0.0021} than patients with
normal FAIs, Similar obscrvations have shown weak bul significant positive carrelations between FI and
FAI (Lanzone ef af 1990a; Dale ef af 1992b).

The canse and cliect relationship between 1 and androgens in PCOD s still controversial, Insulin has
been implicated in the increascd ovarian production of androgens (Nagamant & Stuart, 1990, Buyalos et
al 1993; Elkind-Hisch ef a/ 1993; Rajkhowa ef of 1994), while 1 has also been suggested that androgens
modulate IS in PCOD (Bruno et af 1985). Studies have indicated that chronic hyperinsulinaemia may be
responsible for hyperandiogenism in PCO by acting directly or indirectly to enhance LH-mediated
androgen synthesis by the ovary (Shoupe ef of 1983; Buyalos ef al 1993; Eikind-Hisch er af 1993,
Rajkhowa ef al 1994). By testing women known to be hyperandrogenic due to increased BMI, it was
possible to show that hyperandrogenism may be the trigger {o the cycle of androgen-insulin excess.
Whether this is a direct effect of androgen or is mediated by sccondary factors, such as elements of the
GII-IGF axis, is unclear (Speiser ei of 1992), The bulk of the evidence in the litcrature indicate that the
role of androgens in IR is questionable. Men are not more IR than women and oophorectomy or

suppression of circulating androgens have failed to improve IS in women (Dunaif, 1992a). Reversal of
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hyperandrogenism did not normalisc IS (Geffner ef al 1986, Dunaif et o/ 1990; Lanzone ef af 1990a;
Speiscr et af 1992}, The data presented here confirm that endagenous androgens do not play & role in
sustaining IR. Therefore, there is an association of elevated androgens and changes in IS but the

mechanisms by which hyperinsnlinaemia induces hypetandrogenaemia are still unresolved.

Hyperinsulinaeinia may exert its steroidogenic action on the ovary through TGF-I and its receptors.
Insulin and IGF-] are closely related peptides and both have beer shown to potentiale LH-induced
ovarian androgen synthesis. The human ovary contains 1 and 1GF-I receplors, and both I and ¥IGF-1
stinmlaie human ovarian androgen production (Punaif, 1992a; Elkind-Hisch ef a/ 1993). Insulin
suppression of locally produced IGF-I binding proteins might be one of the factors in the pathogenesis of
I-induced hyperandrogenacmia by increasing IGF-1 receptor binding in the ovary and enhancing
androgen production by theca-interstitial and stromal cells (Elkind-Hisch of of 1993). It has been
suggested that if [ is to produce ovarian hyperandrogenism, I concentrations must be increased inte the
range that can activate the IGF-I1 receptors, and polycystic ovarian changes must be present that
predispose the ovaries 10 secrele excess androgens (Dunaif, 1992a). Androgens may produce irreversible
changes in target Hssue sensitivity to 1 action. Therefore, suppression of hyperandrogenaemia would not
alter sach effects and may not be a clinically effective modality to improve 1 action and subscquently
decrease the risk of NIDDM in patients with PCOD (Dunaif et af 1990; Dunaif, 1992a).

ADPRENAL ANDROGEN

In the present study, ro significant relationship was found between the concentrations of DHEA-S and
IR, Conflicting information concerning the acute effect of hyperinsulinaemia on circulating adrenal
androgens, specifically DHEA-S has been reported. In women with PCOD, Pasquali ¢f af. (1983)
demonstrated a negative correlation between DHEA-S and fasting GLU/INS ratio, and Falcone e? al.
{1990 showed (hat FI concentraions were significantly associated with the basal DHEA levels,
Suppression of DHEA concentrations nonmally caused by I is impaired in women with PCO and IR and
this impairment may be another manifestation of a peripheral reduction in I action. This distutbance
may contribute 1o adrenal androgen excess in some women with PCOD and may reflect changes in
adrenal respounsiveness or periphoral clearance (Falcone ef af 1990), However, this mechanism was not

apparent in the grovps of women observed in this study.
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GROWTH HORMONE / REGULATORY HORMONES

Baschine GH concenirations were low in both patients and the conirel group. While PCG patients in the
study by Kazer ef al. { 1990} showed lower GH levels, normal GH levels have been reported by others in
patients described as PCO (Chany ef 4/ 1983; Geflner ef of 1986; Slowinska-Srzednika ef of 1992}, Low
GH levels could be duc to deercased secretion from the anterior pitnitary, increased clearance from the
circulation, or an abnormality of the GH. Kazor ef ol (1990) suggested that GH levels may be low due to
impaired GH secretion, since I can reduce GH prodnciion. In the present study, no correlation was
established between GH and FI, supporting the concept that there was no abnormality in GH secretion

rclated to hyperinsulinacmia.

The study patients were weight-matched with their control counterparts, and no correlations were found
between body mass and either GH or TGF-T in the study groups. However, lean individuals had higher
(though not significant perhaps due to the limited sensitivity of the assay) mean fasting serum GH
concenirations than obese subjects. This may support a relationship between GH and body mass in the
torm of abesity, atthough the timing of blood sampling might have masked this relattonship as GH
cxhibits a dinrnal variation (Hatasaka ef af 1994). 1t is also known that the nutritional status alters GH,

as acute fasting or chronic malnutrition raises GH and obesity lowers it (Oerter ef al 1992).

No signiticant difference in fasting sexum: cortisol #and/or PRL levels were found between the patients and
the controls, similar to previons reports (Chang er af 1983; Geltner et al 1986). The patients and
controls showed similar rates of fall of glucose during the SITT, and the control gronp’s GH responses
showed a similar pattern to that of the patients. However; these responses were not significantly different
in lean or obese individuals compared 1o the patients. The regulatory responses of GH, cortisol, glucagon
and catechiolamines vary from individual to individual and according to the rate of fall of glucose, hence

interpretation of the results is difficult (Pochuer ef af 1984).

INSULIN-LIKE GROWTH FACTOR-I {IGF-I) and IGFBPs

Basal seram TGF-T concentrations were significantly lower in oligo/amenorrhoeic patients than in the
controls (P < 0.0001) in spitc of normat Icvels of GH; this obscrvation was confirmed at the repeat SETT
effected 5 weeks later. These findings support the observations of Barreca ef al. (1996) whe found lower
IGF-1 levels in follicular fluids from patients with PCOD than in folticular thuid from normatly ovulating

wonien, However, normal (Kazer ef af 1990; Sharp ef af 1991, Slowinska-Srzednika ef of 1992; Holle «f
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al 1994a) and clevated (Laatikainen ef o/ 1990) IGF-I concentrations have also been reported by others.
These marked differences could be due to the methods used for IGE-I assays, which depend wpon
extraction of IGF-1 fram its binding proteins, atthough simple explanation of the conflicting observations

are not obvivus.

Growth factors are polypeptides that regulate the replication and differentiated function of cells. Growth
fuctors are present in the systeiic circalation and are synthesized by a variety of cell systems and tissues;
therefore, they may act as systemic or local regulators of cell metabolissn, In the circulation, growth
factors arc present, free or bound to specific binding proteins as they may also act at a local level. The
synthesis and effects of the locally praduced factor can be medified by sysiemic hormones in tissues
cxpressing the hormonal receptor(s). Whereas GH is one of the most important regulators of IGF-1
synthesis, other hormones such as oestrogens, parathormone and glucocorticoids affect the synthesis of
IGF-I (Canalis, 1992). Cells thal secrete IGF-I also secrete one or more tGFBPs. So far, al lcast six
struciurally related IGFBPs have been identified and ure terined IGFBP-1 through 6. The IGFBPs like
1IGFs are hormonally contrelled. The IGFBP-3, {lic predominant form of IGFBP present in human
serum, is GH dependent, whereas seram concentrations of IGFBP-1 arc suppressed by L. The funciion of
the various IGFRPs is not exactly known; they conld be important in increasing the half-life of IGFs,
presenting IGFs to their receptors, or modulating the aciivity of IGFs by binding the biologically active
free IGF. IGFs have biochemical and functional properties resembling those of I. Insulin-tike growth
factor-l induces hypoglycaemia when infused fo rats or humans because, like I, it increases intracellular
ghucose transport. Furihermore, IGF-1 decreases 1 degradation. 1t is important {o note that IGFs arc
exprossed by a variety of tissues, and changes in local production are not likely to be detected by serum
measurenients,  IGF-I {ends to be low und IGFBP-I is elevated in untrealed DM patients because its
production is inhibited by I. Insulin-like growth factor-I production is rcgulated through diffcront

intracellular mechanisms in liver and peripherat tissues (Tiitinen et a/ 1990},

The synthesis and secretion of IGFBPs may play a major role in the regulation of IGF hormonal action at
the target celt, The role of IGFBPs in ovarian physiology remains unknown. FSH decicascs the release
of IGFBPs, by an uncerfain mechanism, and tlids may enhance the celular action of endogenously
generated and also circulating IGFs at the granulosa cells (Adashi et o/ 1988; Adashi ¢f o 1991, San
Roman & Magofiin, 1992). The ability of FSH to inhibit the release of 1GFBPs from granulosa cells is
dose- and time-dependent. Low-dose exposure for a relatively short period of tinie may be compatible
with the needs of the granulesa cell in the earlier phases of follicular developiment. Therefore, the
diminished IGFs would be compatible with the rclatively slow carly follicular development. Morc

prolonged exposure to high doses of FSH and the consequent increase in IGFs may be sufficient to
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maintain and enhance the terminal phases of follicular development. FSH-insensitive follicles

undergoing atresia may be compromised by decreased IGFs (Adashi er of 1991).

The changes in tissne IGF-1 concentrations and thereby activities may be influenced by changes in
specific IGF-I binding proteins which were not evaluated in the present study. It Las been reported thai
IGEBP levels are inversely correlated with I, resulting in more bioactive unbound IGF-I activity in
hyperinsulinasinia which may contribute to increased androgen production (Franks, 1989) cven in the
presence of normal or reduced total IGF-I concentrations. In this study, basal IGF-1 demonsirated no
relationslip with T or SHBG but a wedk positive correlation wilh AT (r = 0.46, P < 0.05) was observed
in the patient group only.

Circulating levels of serum IGF-1, which do not vary during the day and are not infiuenced by meals
(Kazer et al 1990), did not correlate with basal GH concentrations. No corrclation was found between
IGF-T and obesity. Ilowever; lean controls showed significantly higher IGF-I levels than obese controls,
and both lean and obese patients. Nutritional status can alter GH and IGF-I in norinal subjects in
opposite directions and IGF-1 levels change significantly with age and sex. In children, acute fasting or
chronic malnutrition lowers IGF-I and overnotrition raises EGF-1 {Oerter et af 1992). It seeins that the
relationship between IGF-I and obesity may not be a simple linear correlation. Thus it is important to

weight match controls in any study of PCO and/or disturbed ovarian activity.

The human ovary has both I and IGF-I rcoeptors. Receptors Tor IGF-I have been identificd in rat
interstitial and granulosa cells, however; specific binding sites for I (Poretsky ef af 1984, Nagamani &
Stuart, 1990) and for IGF-I (Nagamani & Sivart, 1990) have been tdentified in human ovarian stroma.
In the normal ovary under physiological conditions, I may exert ils effect on ovarian steroidogenesis
mainly through its own receptors. However, in PCO, when 1 is present in higher concentrations, T might
mediate its action through IGF-I receptors (Nagamani & Stuart, 1990), particulatly when I1GF-1

concentrations are reduced.

In vitro studies with grandosa cells of polycystic ovaries indicate that physiological concentrations of

IGP-1 are as effective as FSH in stimulating 2, synthesis and it has been shown that follicular fluid

contains IGF-I. ‘The ir vitro studies with human granulosa cells showed that KGF-1 and FSH may act

synergistically to control the level of E, production (Erickson ef al 1990). Whether a dysfunction in 1GF-
I activity is involved in the failvre of follicular maturation and reduction in E, scoretion, observed in

PCQOs may Le questioned or follicular fluid of PCOs may contain irthibitors of IGE-1 action such as
binding proteins. Insulin and IGF-[ are closely related peptides and both I and IGF-I receptors have been
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found in human ovarian tissue (Elkind-llisch ef af 1993), Ciraldi aud coworkers (1992) showed
[unctionally intact I receptor binding in adipocytes taken from. woinen with PCOT and a post-receptor
defect may be involved. There is the possibility of hyperinsulinaemia as a conseguence of IR and an
increase in circulaling bioavailable IGF-I collectively excrling {heir actions on the ovary through the
IGF-I receptors (Elkind-Hisch et o/ 1993).

Measurements of IGF-I1 have been less useful than IGF-I as markers of endocrine disorders (Canalis,
1992}, The granulosa ccll IGF-{ tcceptor may constitute one of several variables responsible for

follicular selection {Adashi ef af 1988).

Follicles of women with PCOs were teported Lo contain high concentrations of A but reduced E, and
significant amounts of aromatase activity. However, FSH is unable to stimulate normat amounts of E,

production and rclease in vive due to a reduction in the number of the granulosa cells and there may also
be a defect in the granulosa cells due to the presence of one or more substances in these follicles which
modify the action of FSH. Recently, it has been shown that in the presence of physiological

concentrations of IGF-1 the same amonnt of FSH is capable of stimulating maximal E, biosynthesis

suggesting that IGF-I may be important for sensitizing tlie granulosa cells to FSH (Adashi ef o/ 198%;
Mason et ol 1993; Barreca ef al 1996). Decreased IGF-I concentrations or aclivily in oligo/amenorrhoeic
patients may be related to ovalation (Chapter Six). Growth hormone administration, by increasing TGF-I
levels in follicutar fluid, may correct the IGF imbalance and overcome the defect in granulosa cells in

PCO patienis amd thus improve ovarian folhenlar wmaturation (Barreca et af 1996).

RESPONSES TO EXOGENOUS INSULIN ADMINISTRATION

Growth hormone, onc of the central regulatory hormones for I, showed a significant increase at 30-
minutes after I administration, probably the expected response to hypoglycaemia induced by the
exogenous I injection. This increase was stalistically significant in the patients but not so in the control
group. Lean patients showed a more significant rise in GH at 30-minutes than in obese patients and in
lean and in obese controls. This difference cannot be attributed to obesity as obese confrols showed
similar responses to their lean counterparts. Other central hormones, sach as Gn and PRL., did not show
a change during the SITT in either patients or controls. Although I stimulated Gn secretion in isolated

rat pitaitary cells, human studies indicated that 1 infusion failed to alter Gn release in normal or in
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PCOD patients (Dunail & Graf, 1989; Punaif, 1992a). Cottisol, another regulatory hormone for insulin,

showed a delayed risc at 60~minutcs after T administration..

Pehydrocpiandrosierone-sufphate was measured 60-minutes following the I injection and was not
significantly diffcrent from its basal levels. The cffect of physiotogical iacreascs in cirewlating I
concenirations on DHEA-S is not well established. Circalating DIIEA-S levels during endogenous 1
release in response to OGTT dig not change either ia patients with PCOD or in controls (Buyalos ef of
1991}, This is not surprising because of the extensive volume of distribution, the prolonged half life, and
the slow MCR of DHEA-S which would make acute changes int cirenlating levels of this steroid unlikely.
Minintal dimrnal variability is observed in circulating DHEA-S levels, despite the well established
pulsatile and circadian fluctuations of cortisol and DHEA, It is unlikely that an acutc increase in I within
the physiological range would be important in the regulation of circulating DHEA-S levels in either PCO
or enandrogenic women (Buyalos et «f 1991). However, rapid changes in circutating DHEA-S in

response to supraphysiotogical I levels have been reported (Nestler et af. 1987).

A dramatic change was noted in circulating E, and T concemttations foliowing I administration.
Supraphysiological hyperinsulinaemia resulted in a significant decline in the levels of E at 30-minutes

and this decrease continued at 60-minutes and accoanted for a drop of about 17% from the basal levels in
both the patients and the control group. Testosterone showed a similar pattern, although fc a lesser
extent (11% decrease from the basal vatues). Sex hormone binding globulin, FAl and IGF-t did not
show any significant changes during the period of monitoring (60-minutes). However, when the tuteal

phases of the ovulatory cycles in the patients were analyzed separately. E,, T, FAl and P showed

significant dccreases; while SHBG showed a siguificant increase during the period of monitoring,

Significant reductions in E, and FAI were shown in both the follicular and the Iuteal phases of the

control group, and other hormonal changes were not significant. A reduction in circulating androgen
concentrations has heen recorded after administration. of exogenous I to women with PCO (Dunaif &
Graf, 1989, Speiser et af 1992). ‘'the change in androgen levels following I administtation cannot be
explained on the basis of the physiological diurnal variation because the control group did not show a
significant decrease althongh the diurnal variation of androgens was reported to be similar in healthy
womten and in PCO patients (Baird et af 1977). The signiticant reduction it ovarian steroid
concentrations was sustained at 60-minutes and a possible effect of acute I administration on ovarian
steroid secretion must be proposed. ‘This suppression of ovarian androgens in oligo/amenorrhocic

women argues against a simple, direct relationship between hypetinisulinaemia and hyperandrogenacmia
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(Dunuif & Graf, 1989). The decrcase in E, concentrations was more than the decrease in androgen,

suggesting that the effect on E_ is probably not due to inlnbition of supply of androgen precisor atone.

Dunaif & Graf (1989) reporied that I infusion to achicve supraphysiological levels deercased the tevels of
potent androgens (T, DHI' and FAI) and acutely increased A and E, levels in patients with PCOD. In

normal women, the only significant change in steroid levels during 1 infusion was an increase in E_

levels but no change in androgen levels were noted. The relationship between 1 and androgens is
complex. While chronic hyperinsulinasinia is associalcd with hyperandrogenaemia, acute
supraphysiological 1 administration was found to decrcase the circulating androgen concentrations.
Insulin-like growth factur-1 and/or 1 appears to play a physiological role in the regulation of gonadal
steroidogenesis, but supraphysiological 1 concentrations can act through the IGF-I recepior.
Hyperinsulinaemia counld act synergistically with other hormonal disturbance(s) such as LH
Liypersceretion, to enhance abnormal gonadal steroidogenesis by increasing ovarian sensitivity to IGF-I
via regulation of the latter’s receptors (Dunaif & Graf, 1989). However, the same authors claimed that in
extreme IR, profound long-standing hyperinsulinacmia alone muy W sufficient to produce
hyperandrogenaemia. The siudy of the kinetics of these respouses to I may reveal changes in ovarian

steroid output which relate to the problems of failure of follicular maturation scen in PCO paticats.

OBESITY

Significantly lower mean GH levels were found in obese individuals compared with lean controls,
indicating that the difference is atiribuiable to obesity. However, BMI was correlated negatively with
mean serum concenirations of GH in the control group, but not the paticnts, Low GH levels could be due
to decreased secretion from the anterior piluitary, increased clearance from the circulation, or an
abnormality of the GH mwolecule resulting in misleading innmunoassay results. Obesity and IR contribute
to an increased GH clearance. Lcan patients and controls showed a more rapid increase in GH
concentrations in responsc to I administration (30-minutes) than obese individuals, who showed a rather

delayed increase of GH (significant at 60-ntinutes),

Insulin sensitivity and anthropometric variables have a well-recognized relationship (Sham et af 1991
Dale et of 1992b; Rajkhowa ef of 1924). [In this study, the mean KITT- vatues failed to show any
relationship with BMI or WHR in cither patienis or contiols. On the other hand; FI, GLU/INS ratio and
FIRI proved to be more reliable than the KITT vatucs with the expected relationships being shown with
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anthropomeiric variables, including BMI, WHR and waist measurements. Body mass index, WIHR and
waist measurements showed alimost identical relationships with FI and FIRI in the paticnis. 1In the
conirol group, stronger correlations were observed between FI and FIRE with waist measurement than
with WHR. Furthermore, comparison of lean and obese individuals showed a more promingnt influence
of obesity. Fasting I and FIRI were significantly higher in obese than in lean women. In addition obese
paticnts showed levels of FI and FIRI similar o obese controls which strengthens the apparent role of
obesity on IR

Although no single entity is diagnostic of PCOD, abosity is encountered in 35-80% of cases (Dale ez af
1992b). Lt has been suggested that obesity is a pathogenic factor in PCOD by coniributing Lo increased
extraglandular aromatization of androgens imio oestrogens. Obesity is alse associated with TR and
hyperinsulinaemia (Sharp ef af 1991; Dale ef af 1992b; Rajkhowa ef of 1994),

It is generally accepted that the increased I secretion in obesity serves as a mechanism 1o compensate for
IR, However, the processes that trigger hyperinsulinaemia in human obesity and the possible
pathophysiological consequences of hyperinsulinaemia are not fully identified. Insulin resistance has
been observed in lean patients with PCQO, so the combination of PCOD and obesity may have a
synergisiic impact on glucose telerance (Dunaif, 1992a). Current understanding of the IR and obesity is
fragmented avd inconclusive, Furthermore, much less is known about the IR in non-obese subjects. It
lias been postulated that those individuals with IR and normal BMI will have increased body fat mass in
compatison to individvals matched for age and BMI. Therefore, individuals with an identical BM! may
have differing amounts of fat that corrclaic with the degree of IR. The implication is that normat-weight,
L-resistant subjects must have a complementary decrease in lean body mass. In fact, the normal-weight,
I-resisiant subjects may show increased body fat when compared with {-sensitive weight-matched subjects
(Caro, 1991). Women with PCOD may have significant IR that is independent of obesity {Chang e/ af
1983).

Althongh IR and other obesity-related metabolic abnormalities are frequently associated with overall
accumulation of fat in the body, there is growing evidence that the distribution of fat may have ap
important additional role. Little is known about the relationships between generalized and regional
deposition of fat in obesity. Fat deposition in the subcutancous region of the trunk was found to be
sipnificantly and independently associated with peripheral and hepatic IR (Abate, 1996), WHR

measurements and waist girth were significanily related to IR (Ferrannini et a/ 1996).
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Young I-sensitive lean women may have enhanced likclihood of developing IR associated with both age
and weight gain (Ferravnini ef &/ 1996). The ability of I to stimulate glucose uptake can vary
substantiatly in non-obese persons with no apparent disease. The degree of obesity and level of physical
aclivity can also modulate | action. The compensalory response to a decrease in I-stimujated glucose
upiake is an increase in plasma t concentration, and a significant direct relationship between magnitude
of IR and the degree of associated hyperinsulinaemia in non-ciabetic individuals has been documented.
Insulin resistance was much more clearly assoctated with upper body fat than with androgens {lolte et af
1994a), but hyperinsulinaemia and IR may not be due entirely to obesity, and may be rclated o the
degree of hyperandrogenaemia, mainly of adrenal sources (Pasquali ef a/ 1983). However, no significant

role of adrenal androgens has been observed in the present study.

OVULATION

When assessment of the controls of the present study, were compared in the follicular and the hteal
phase, no significant differences were observed in FI, fasting glucose, C-peptide, GH, IGF-I or PRL
concentrations. The follicular phase mean KITT-value was similar to that of the luteal phase in both the
control gronp and in patients who ovulated (n = 17). The cycle phase had no significant influence on
FIRT (P > 0.05). However, significant differences in IS were observed between patients with
oligofamenorrhoea and their weight-matched control group. Anovulatory patients were more IR, with
significantly higher FI and lower GLU/INS ratio, than the controls (P = 0,022, 0.039; respectively); these
differences were not significant when compared with patients with oligo/amenorrhoea who ovnlated
spontaneousty (P = 0.31, 0.08; respectively). This effect was diluted when FIRI was applied {Chapter
Six).

Blood glucose levels have been reported to be increased in anovulatory patients with PCOD and to be
greater than those in ovulatory patiends (Filicoti ef @f 1996). The groups reported in this study showed
no difference. The GLU/INS ratio was reduced in both ovalatory and anovulatory patietts compared to

the control group.

Filicoti et af. (1996) have suggested that obesidy and impaired GTT are negative prognostic factors when
ovulation is induced with pulsatile GnRH in PCOD patients. Higher 1 concentrations in anovulatory
compared with ovulatory women with hyperandrogenaemia may indicate that IR in the ovary contributes
lo the mechanism of anovolation in PCOD, but it is important to use weight-matched controls in such

studies. The fact that I levels were not significantly raised in the gronps as a whole but were elevated in
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anovulatory compared with ovulatoty women, despite similar androgen levels, suggests that 1 is not
direclly involved in the increased androgen production it these women (Sharp ef o 1991). The

obscrvations of the present study support this statement.

CONCLUSION

Insulin secretion is regulated by numerous mctabolic, hormonal, and neural signals, and this hormone
also feeds back on the pancreatic {~cell to regulate ils own receptors. Total body IS canr be assessed by

different techmiques, although the sirapler methods should be implemented for routine clinical practice.

This study showed that the STTT was unreliable for the measurcment of IR in oligo/amenorrhoeic
patients because the KITT-values were similar in patients and their weight-matched control group, and
rore imporlantly; {he test failed to show any correlation with anthropometric variables. In addition, the
correlation within patients between the 2 SITTs, expressed as KITT-values, was poor and disappointing
compured o other parameiers such as FT and log, FIRI. Simpler methods, FI and FIRL, were more
convenient, easy to measwme and showed the expected relationships with the anthropometric variables -
comparable with the standard methods of IR mcasurement.

The baseline IGF-I concentrations were significantly lower in the patients ihan the controls on hoth test

occasions despite normal circalating GH concentrations.

Fasting glucose and FI were not significantly different between the patients and the controls. However,
significantly ligher FI and FIRI were obscrved when obese and lean subgroups were compared. Thus the
importance of weight-matched controls in any study of PCOD and/or distuibed ovarian activity must be

ciphasized.

Tlie cause and effect relationship between I and androgens is controversial. Nong of the methods used to
estimale IS showed a significant relationship with androgens in this study. The inverse correlation
between IS and FAI in the oligo/amenorrhoeic group appeared to be secondary to the inverse correlalion
of SHEG to seram L These powerful relationships between SHBG and FI and logye FIRI werc
demonsiiable in both patient and contrel groups. Insulin is thought to regulate the circulaling SHBG
concenirations (Franks, 1989) by acling direcily on hepatic synthesis of SHBG (Buyalos ¢ af 1993,
Rajkhowa et af 1994), Hyperandrogenized paticnls, with high FAE showed significant

hyperinsulinaemia and higher FIRI values than palients with normal FAT
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The prevalence of impaired glucose toletatice or frank diabetes in obese women with PCOD was shown
10 be 20 % (Dunaif, 1992a), therefore; a measurement of GTT is important in these women {Harrington
& Balen, 1990).

Although TR was independent of obesity, the cormbination of PCOD and obesily had a synergistic impact
on glucosc tolerance. The presence of hypetrinsulinacmia may be important since long-tori foHow-up of
patients with PCOD indicates that they are at incrcascd risk of developing DM and CHD. Rescarch on
the mechanisms of apovalation in PCOD, the role of obesity and the clinical significance of the

relationship between IR and hyperandrogenism are on-going.



CHAPTER SIX : LONGITUDINAL OBSERVATIONS IN
INFERTILE WOMEN WITH OLIGO/AMENORRHOEA

6.1 INTRODUCTION

It has been shown that infertile women with oligomenowrhoga are often capable of vndergoiug
spontaneous episedes of follicular developinent, maturation and ovulation. This phenomenon was
investigated in depth in order to study the endocrine aspects, ovarian mozphological development, and

anthropometric criteria associated with these events.

All patients were investigated longitndinally for a period of 5 weeks, They were monitored for ovarian
activily twice weekly by measuring plasma E; levels and once a week by a pelvic US examination. These
observations were staried a minimum of 14 days following a menstival bleed. Ovarian volume, the
presence of microcysts and stromal thickness were assessed during the US scan, If E, concentrations
and/or US scan indicated sigus of follicular maturation at any stage during the 5-week period, then blood
sampling was changed to daily and the frequency of US examinations, was incieased. Follicular
maturation and ovulation, were assessed over the following two weeks. Cases with cvidence of follicular
matuvation and ovulation were assayed for P in the luteal phase. If concentrations of E, and/or the US

scan indicated no ovarian activity, the B, sampling was terminated after the 5 week.

Results are presented as mean values for each individual patient during cach week of obscrvation. By
design this was a minimum of 2 samples/week for endocring cstimations and 1 obscivation per week for
US scans. Where follicular growth was noted the number of observations was incrcased. In sections 6.2
and 6.3 “mean values during the 5-weeks period” the mean represents individual means of all samples

analyzed during that week.

There were 3 main scctions to the observations : - 1) Changes in the reproductive hormone
concentrations during the S-wveek window will be discussed in section 6.2. The accwrrence of
spontaneous ovulation in oligo/amenorrhoeic patients and assessment of the luteal phases ate recorded.
Relationship of anthropometric variables, TH and hyperandrogenization with the incidence of
spontaneous ovulation are examined and discussed, as is the rolc of IR, 2) Changes in the ovarian US

picture during the 5-weeks of observation are recorded in section 6.3, The dynamic changes in TOV,
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follicnlar distribution and the presence of stromal density are examined. 3) Sectiom 6.4 covers the
variations in the endocrine parameters and in ovatian volume within patients and correlates this with the

clinical presentation of the patients.

Unfortunately there were no ultrasonographic examinations for the conirol group becavse of their
rehictance 10 undergo the examination, The upper limit of ovarian volume for normat subjects was taken
as 9.0 cm? (Chapier Four) and the ovary was considered cnlarged in patients when the volume was > 9.0

cm?,

6.2 CHANGES IN ENDOCRINE VARIABLES DURING THE
WINDOW (5-WEEKS) OF OBSERVATIONS

6.2.1 VARIATIONS IN ENDOCRINE OBSERVATIONS

There was a wide range of variations in E, concentrations within the whole group of patients and also

within individual patients. There was no bLiological point al reference in such acalyses, as nol all
subjects showed a LH sutge, and the ocowirence of spontancous follicudar maturation and ovalalion at
any time rendered compatisor of different weeks inappropriate. However, Figure 6.1 shows the

considerable range of L, values seen during the period of obsetvations varying from menapausal levels

(< 30 pg/ml) to normal mid-cycle peak values (approximztely 300 pgaul). Figure 6.2 shows the
variations secn within patients during the same time (Table 6-I), indicating that ovarian follicular

function is not static in these patients.
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Figure 6.1 :
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Similar variations were also observed for the other reproductive hormones monitored during the window
of observation - LH, T, SHBG and consequently FAI. Figures 6.3 to 6.10 demonstrate the wide

variations confirming that these hormones are not static and serve to indicate how unrepresentative a
single hormone value can be.
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The profiles of LE showed large vasiations within the gronp during the S-week window (Figme 6.3}

(range 1.5 - 39.5 TU/T.), and Figure 6.4 shows that the variations withiin patients were also large. If the

upper limit of normal is taken as 10.0 IJ/L then 24 patients (37.1%) showed both normal and

supranormal values, while 18 patients (42.9%) showed all samples within the normal or supranormal

ranges,

Fipure 6.3 ¢

Figure 6.4 :
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Similarly, T concentrations showed wide variations within the group (Figurc 6.5), and also within
patienis (Figure 6.6) during the 5-weck period of momiloring.  Teslosicrone concenirations were
consistently normal (< 2.5 nmol/L.) in 12 patients while always elevated in only 6 patients. Figure 6.6

and Table 6-I demonstrate the wide variation within patients.

Figure 6.5 :
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As with E,, LH and T, the profiles of SIIBG showed large variations withint the group, ranging between
11 and 295 nmol/L (Figure 6.7). However, Figure 6.8 shows that SHBG concentrations were relatively
stable within individuals during the S5-week window of observation, and showed the most consistent

values within patients of all of the paraineters measured (Table 6-I).
Fieure 6.7 :
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Consequent to the relatively stable SHBG concentrations, FAI variations within the group and within the

patients (Figures 6.9 and 6.10) showed similar patterns to those of T.

Figure 6.9 :
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‘Table 6-1 : Variations in the Endocrine Hormones within Patients
during the S-week Period of Ohservations

Hormone Average Coefficient of Variation range (%)
E; (pg/mil) 30.1 % 4.0-78.7
TRT (EI/T ) 26.0 % 10.2 - 75.4
T (mmoif].) 31.5 % 87-64.5
SHEBG (unol/L) 25.4 % 3.0-726
AT 36.4 % 6.0-110.0

These wide vaviations in the reproductive hormone concentrations during (e 5-week window of
ohservations indicate that ovarian function is not static in oligo/amenoirrhoeic patients. This emphasizes
the limited value of single sample hormone assays when used as diagnostic ctiteria or as means to

investigate the pathophysiology of the disorder.

6.2.2 RELATIONSHIP BETWEEN ANTHROPOMETRIC VARIABLES AND
FOLLICULAR PHASE ENDOCRINE PROFILES

The relationships between anthropometric variables and follicular endecrine profiles in the patients were

explored with reference to spontancous ovulation.

The comelations buiween nean follicular endocrine profiles and BMI and WHR are demonstrated in
Table 6-II. Significant relationships were only observed between the meon follicular hormones

representing the androgenic state in the patients, and antheopometric variables (Figures 6.11 - 6.14).

The clearest link between endocrine and anthropometric variables was seen in the SHBG data which was

also the most consistent element.

Table 6-k : Correlations between Mean Fellicular Endocrine
Profiles and Anthropometric Variables

BMI WEHR
r P r P
E, (pgfinly 0.01 NS 6.09 NS
TH (1071.) 0.03 NS 0.08 NS
FSH (IU/L) 0.05 NS 0.0 NS
LH/FSH Ratio 0.06 NS 0,002 NS
T (nmeol/L) 0.38 (.013 0.14 NS
SHBG (amol/L) -0.39 0.0097 ~ 0.43 0.0042
FAI 0.42 0.0057 0.23 NS
A (mol/L) 0.06 NS 0.15 NS
Pe (hp/nil.) 0,32 NS 0,39 NS
170-OHP (ng/nl) 0.18 NS 011 NS
DHEA-S {mmnol/i.) .18 NS 0.06 NS
PRL (TU/L) 0.23 NS 0.29 0.062

Pa represents the mean values of Tuteal phases of ovulatory cycles only. P2 (.05 is NS
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Figare 6,11 ¢

Figure 6.12 :
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Figare 6,13 ¢
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The mean follicular phase T, SHBG and FAI concentrations showed more powetful relationships with
anthropometric variables than did the basal levels of the same hormones (Chapter Four). While the basal
levels of T showed no significant relationship with BMI or WHR, the mean follicular phase T correlated

significantly with the body mass. On the other hand, the relationships between anthropometric variables
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and the basal as well as the mean follicular phase SHBG concentration, and subsequently FAT were
consistent {Chapicr Four). Theso relationships were cven. stronger with the meao follicular phase SHBG
and FAI than the single basal concentrations. These observations emphasize the importance of repeated
sampling of such hormoncs, and that a single assay is not an accurate representation of the hormone
concenirations,  Furthcrmore, the consistent and powerful relationships beiwecen SHBG and
anthropometric variables (BMI and WHR) suggest that SHBG may be & better marker of the disorder
than E,, LHor T.

6.2.3 SPONTANEQUS OVULATION

Spontaneous ovulation was defined by the occurrence of a LH sirge followed by a significant rise in P
above 1.5 ng/ml.. The LH surge was diagnosed by the presence of at least doubling of the preceding LH
values from one sample to the next to a conceniration > 10.0 IU/L. Evidence of adequate luteinization
was confirmed if a single P concentration of = 4 ng/mlL was detected, at least 48 hours after the LH
surge. ‘The mean luteal phasc serum P concentration was estimated to assess luteal function. This

required a sample to be taken between days LH peak 4- 4 and LH peak + 9 inclusive,

Alt samples taken outside the Iuteal phase were designated as “"follicutar” phase. The mean of the
samples at the follicular phase represent the mean of all the samples of the observation period for those
who did not ovulate, and the mean of all the samples of the follicular phase taken at least 2 days before
the day of the LH peak for those who ovulated.

Follicular development and ovulation was documented in 18 patients (43.9%) during the perviod of
obscrvation. All the patients who ovulated exhibited a demonstrable LH surge and luteinization with
circulaling P concentrations > 4 ng/mL. The mean concentration of the mid-luteal phase P secretion
(day LI peak -+ 7) for the patients who ovulated spontaneously was 13.2 £+ 4.58 ng/mL (range 3 - 23.5
ng/mL).
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6.2.4 ASSESSMENT OF LUTEAL FUNCTION - PROGESTERONE INDEX ( PI }

The mid-lutcal phase (day LH peak + 7) P sceretion for the patients who ovulated spontaneously, was
similar to tlie mean P valuc of the mid-luteal phase in the control group of this study (13.2 £ 4.58 ng/mil
and 12,20 £ 7.16 ng/mL; respectively).

The mean luteal P value (LII peak + 4 to -+ 9 inclusive) was 11.60 + 2,30 ng/ml. (range 7.11 - 13.30
pg/mL). The luteal phase profile of P was quantificd using a PI which describes the area under the curve
of the patient's plasma P concentrations on days LI peak + 4 to + 9 inclusive, relative to that described
by the wean of the laboratory rormal range. The fornula used was :

sum [P} (LH + 4 to LH + 9) (PT) x 100 / sum [P] (LH + 4 to LH + 9) (Laboratory normal mean)
(Fleming et al 1995),

The laboratory normal mean data was derived from daily samples taken from 18 fertile volunteers with
normal menstrual thythm, and from 12 spontanecus conceplion cyctes. The laboralory normal mean
AUC value of P (LH +4 to +9 inclusive) was 73.4 ng/mL. A normal profile yielded a PI of 100, and the
lower [imit of the normal range was 70 (Fleming ef o/ 1993). The mean PI of the sludy paticnts was
subnormal (57.75 1 29.56) with a range of 13.6 - 112.4. Almost half of the group had a Pls of < 70 (i0
out of 18 patients), although normal P concentrations were established in all paticiits by mid-luteal phase
(LH peak + 7 days).

Body Mass and Ovulation

There was no significanl difference in BMI1 between patients who showed sponiancous follicular
maturation and ovulation, and those who failed to ovulate, or the control group (Figure 6.15). Howcver,
WHR was higher in patients who did rot ovulate compared 10 those paticnts with spontancous ovulation
and also the controls (P = 0.075, 0.0004; respectively) Figure 6.16). Whon the waist measurements
were compared betweon the groups, these rclationships were less sigatficant than whenr WHR
measurements were used (Figure 6.17). Thesc important observations suggest that the ratio of body fat
distribulion, rather than total body miass, may be related fo the capacily to undergo follicular mataration

and ovulation.
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Figure 6.15 :

Figure 6.16 :
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Figure 6.17 :
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6.2.5 RELATIONSHIPS BETWEEN ENDOCRINE & METABOLIC VARIABLES
AND SPONTANEOUS OVULATION

6.2.5,1 Reproductive Endocrinology and Ovulation

Analyses of the mean follicular phase concentrations of the reproduclive loimones in patienis who
ovulated spontaneously (n = 18) were compared with those who did not ovulate and also with the control

group (lable 6-1H).

Patients who ovulated and those who did not ovulate showed similar follicular phase values of LH, FSH,
LH:FSH ratio, A and 17«-OHP, Significantly lower concentrations of E,, SHBG, FAI and PRL were

determined in the anovulatozy patients compared with the ovulators, while differences in T and DHEA-S

were not significant.

Compared with the controt group, LH, LH:FSH ratio and FAI were raised in both groups of patients;

those who ovulated and those who did not.
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Tabic 6-IT : Comparison of the Mean Follicular Phase Endocrine Variables in relation to
Spontaneous Ovulation in Patients and Controly

Paticnis Conirols

Ovulation No Ovulation P p* P
n 18 23 19
H; (pg/ml) 67.35::19.9 48.11 £25.98 0.013 65,60 4: 34,20 N§ | 0.0765
LH (TU/L) 9,67+ 2.76 9,98 +0.74 NS 5.25 44,39 0.0009 | <0.0001
FSI (IU/L) 441 +1.51 5.00+0.45 NS 5.15+1.73 0.018 NS
LH:FSH Ratio 2.11 & 0.66 2.04:1.43 NS 1.07 1 0,80 0.0001 ] 0.0001
T (amol/1.) 1.97x 0.78 2591031 0.09 1.53 10.93 0.40 <0.0001
SHBG (umol/L) 56,66 4 L1.52 48.1749.13 0.012 62,53 1:25.77 NS 0.017
FAI 4.52+£3.29 6.81 4048 0.047 2.62 £1.78 0.036 | <0.0001
A (nmol/L) 7.89+4.15 6.31£3.33 NS 6.13 £2.85 NS NS
P (ng/nl) 13.20 4 4.58 12.20+7.16 NS
170-OH! {(ng/mL) 1.56 £0.32 1.70 £0.47 NS 1.48+1.14 NS NS
DHEA-S (unol/L) 2762+ 1750 2097 £ 272.0 0.07% 2126+ 1788 N8 NR
PRL (IU/L} 226.0 £ 138.6 349942918 0.0002 4243 £ 5196 N8 N8

Groups werc compared nsing Studant's t-{est. The difterances betweon paticnts who ovulated and coutrols were exprassed as
(P*); whereas the differences between paticnt's who did not ovulate nad controls were expressed as (P**). P = 0,05 is NS.

Figure 6.18 shows the distributions of the mean follicular phase E; concentrations amongst the palicnts

who failed to ovulate, those who ovulated and the controls.

Figure 6.18 :
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The mcan follicular phase LH concentration in those patients who ovulated was similac to those who did
not ovulate (9.67 + 2.76 vs 9.98 + 0.74 TU/L, respectively) (Figuic 6.19). The basal LH concentration

showcd a similar observation,

Figare 6,19 ;
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Consisicnily elevated follicular LII concentration was obscived in 11 oligo/ameunorrhoeic patients
{26.8%), and ¢ of these showed spontanecous ovulation wilh 4 mean PI of 33.3 £ 20.82. Six of 14
(42.9%) women with normal levels of LH were observed to ovulate. When they did ovulate, Figure 6.20
shows that the range of PI values seen in the two groups was similar, indicating that elevaied LI was not
directly related to the incidence of follicular maturation, luteinization, occurrence of spontancous

ovulation or the deficient luteal function observed in these patients,
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Figure 6,20

Comparison : PT and High LH vs Normal LH in
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Tigure 6.21 shows the distributions of the mean follicidar phase T concentrations amongst the patients
who failed to ovulate, thosc who ovulated and the countrols. The data show the raised values of T in the
no ovulation group compared with the controls, but the ditference between them and the pattents who
ovulated was not signilicant. The differences in the distribution. of SHBG in paticnts who ovulated,
failed to ovulate and the controls are illustrated in Figure 6.22, and show broad overlaps in the data
despite the statistical significance. Similarly, Figure 6.23 illustrates the significant diffcrences in FAT
among the subgroups. These observations strongly emphasize the influence of follicular SHBG
concentrations, rather than LH or TT, on the occurrence of follicular maiuration and spontaneous

ovulation in patients with oligo/amenorrhoca.
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Figure 6,21 :

Follicular T and Spontancous Ovulation in
Paticets and Conlrols

5.8
P =40
4.5 -
[e]
4.0~ . @
: o
3.5+ - P <0.0001
g 3.0
> o
B 2.5+ . 0030° B
- toet 0,00 'L
= 2.0 Pt S nu
o ° |
4 o
1.5 e o -
1.0 l.: "Ll
- o xa
0.5- .
»
[|X]]
Owulation No Ovnlation CTRL
Fipure 6,22 ;
Follicutar SHBG and Speataneous Ovulation in
Paticnts and Controls
130
1= .38
125 )
- P=0.017
) P=0.012 _—
104k~ ——— n
'S ')
B « a .
o 0 "y
~ 754 . o2 an
J L Q L]
= .. o .
w50 o — a0 u
050 = u
" 009 "
284 - o -
. a
o0
L]
Ovulativn No Ovulution CTRE

201



Figure ¢.23 :

Fallicular FAL and Spontancous Ovulatien in
Patients and Contyols
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High T and FAI vs Normal T and FAIL

There was no significant difference in the axean follicular phase 1' concentrations scen in patients who
ovulated or those who did not (Table 6-1V). ln addition, there was no significant difference in the
proportion of patients with elevated T concentrations (iaean £ SP of conirols = 2.5 nmol/L) who showed
spontaneous ovulation (4 out of 10). and those with normal T concentrations (14 out of 30, P = 0.03).
However, the mean follicular T concentrations were significantly higher in the patients with elevated LH
vaklues (1.78 + 0.74 {normal LH), 2.57 + £.16 (high LH); P = 0.0103) and the cotrelation between

follicular phase LH and T concentrations was r = 0.29 (P = 0.061).

Examination of the incidence of spontancous ovulation among paticnts, with respect to FAIL showed that
the proportion of patients with elevated mean follicular phase FAI (mean & SD of controls == 4.5) who
had spontaneous ovulation (7 out of 24) was lower than for those with normal FAL (11 out of 16, P =
0.053). This observation suggests that the more hyperandrogenized (as an effect of SHBG rather than
TT) the patient is, the less likely she is to have spontancous ovulation. Similar rclationships were

observed when basal concentrations of T and FAT were applied.

Table 6-IV : Relationship between T and FAI and Spontancous Ovulation in Patients

Sponlaneous Ovulation No Ovulation P

Normal () High (n) Nommal (1) Iigh (n)
T (nmob/L) 1.72+£0.59 (14) 278:+0.83(4) | 2.1810.85(16) 4043 1.74 (6) NS
FAI 238:+£1.15(11) 7.58:2.890(7) | 2.64+1.19(5) 848:+3.44 (17) NS
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6,2,5.2 Metabolic Variables and Ovulation

Mean basal cortisol, GH, FI, fasling glucose, C-peptide and IITT- values were similar in paticnts who
had spontancous ovulation or paticnts who did not ovulale and in the control group (Table 6-V). A
significantly highcr mean basal IGF-1 concentration was found in the controls than in both subgroups of
patienis, and in addition the values of IGF-I were also significantly higher in patients who ovulated than

in those wha did not { Table 6-V) (Figare 6.24),

Table 6-V : Comparison of the Mcan ¥ollicular Phase Mctabolic Variables in sclation to
Spontaneous Ovulation in Patieits and Controls

Patients Controls

Ovulation Mo Ovulation Y P* P¥#
1 18 22 19
Cortisol (ug/dL) 13.03 + 5.04 1531 £7.21 NE 13.82::3.99 NS N§
Gl (nghnL} 349 1 5.85 1.68 £3.42 NS 2.39+2.38 NS N§
IGF-I (nmol/L} 16.29 +4.35 11.1:+538 0.010 29.07412.48 0.007 | <0.0601
FI (mlUL) 10.67 4 6.9% 13,78 412,08 NS 8.09 % 5.53 NS 0.066
Tasting glucose (mniol/L) 5.16 £0.57 5.11+0.45 NS 5.09 £ 0.46 NS NS
C - Peptide (nghmL) 1.03 £ 0.64 1.32 £0.66 NS 1.05%0,59 NS NS
KITT - value (%5 / min) 4.94 £ 1.52 3.61£2.42 NS 4733 1,92 NS NS

Groups were compared vsing Student's t-test. The differences between patients who ovulated end controls were expressed as (P*);
whureus the dilferences batween palicat’s who did not ovulate and controls were expressed as (P¥#).P = 0.05 is NS.

Figure 6.24 :

Relationship between IGF-1 and Spontaneous
Ovalation in Patients and Controls
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There was no relationship between IGF-I and E2, LH, FSH, T or SHBG. However, IGF-I was
significantly related to mean follicular FAT (v = 0.48, P = 0.041). Ti may be thait IGF-I stimulates the

accumulation of free circulating androgens rather than the production of androgens.

6.2.5.3 Insulin Sensitivity and Spontaneous Ovulation

Fasting insulin councentrations, GLU/INS ratio and FIRI, as simple methods to estimate insulin
sensitivity, showed variable relationships with the incidence of spontancous follicular growth and
ovulation in the patient group (Table 6-VI), Thete was a tendency towards increasing FI and FIRT with
the degree of disturbance of ovarian function, buil the dillerences were not significant cxcept when
patients who failed to ovulate were compared with controls. The difference in FI between paticats who
ovulated and those who did not may be masked by a single high reading in the ovulatoty group (FL = 34
mIU/L) (Figure 6.25). However, this indicates that I may not have a direct influence on the occurrence

of spontaneous ovulation in these patients.

Tablc 6 - VI : Relationships between Spontancous Ovalation and Insulin Resistance

Patients Controls
Ovulation No Ovulation P P* pr*
n 17 17 19
FI (oI /L) 10.26 * 6.97 14.15 £9.01 NS 8.09£5.53 NS 0.022
Glucose/Insufin Ratio 0.61+0.26 0.62 (.49 NS .95 0.49 0.08 | 0.039
FIRT 221173 2.95+234 NS 1,70+ 1.44 N8 0.054

Grovps were compared using Student's t-test. The ditferences between patients who ovulated and contraols were exprassed
as (I'=); wlicreas the differences between palients who did not ovulate and conlrols were expressed as ('*%). I'> 0.05 is NS,

Although FI was significantly higher in patients who did not gvulate than in the control group; this cffcct
was diluted when log;o FIRT was applied (Figores 6.25 and 6.26).
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Figurc 6.25 :

Mean Fasting Insulin and Spontaneous
Ovalation in Patients and Controls
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6.2.5.4 Leptin and Spontaneous Ovulation

The mean plasma concentrations of leptin were similav in paticnts and controls (Table 6-VH). The mean

Joptin concentration in paticnts who ovulated was lower than patients who did not ovulate but the
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diffcrence did not reach statistical significance (18.75 + 13,28 vs 27.54 £ 16.66 ng/mL, P = 0.075). No
correlation was found between leptin and E,, LH, FSH, T, SHBG or FAL

The sttong corrclations between leptin couccntrations and anthropometric variables in patients and
controls, are demonstrated in Table 6-VII and Figures 6.27 - 6.30. The serum leptin levels were higher
in obese individuals, palicnts and controls. Leptin concentrations were significantly higher in lean
patients than lean controls (P < 0.05), but there was no such difference between obose paticnts and their

counterpart obese controls.

Table 6-VII : Mcan Leptin Concentrations and BMI in Patients and Controls

Patients Controls P
n A0 19
All 23.69 £ 15.53 (3.85 - 66.01) 21.77 116,79 {3.68 - 56.144) N8
RBMI < 29 kgfmz 15.97 9,90 (3.85-40.28) 946+ 428(3.68-18.17) 0.0448
B =29 kgfm2 35.03 +15.52 (10.0-66,01) 37.89 +12.2 (25.37-56.14) NS
WIIR < 0.8 0.25 2487 (3.85-17.77) 11.005 +7.64 {3.68-29.13) NS
WHR > 0.8 27.08 + 15.23 (5.52-66.01) 33,70 + 16.28 (R.34-56.14) NS

Although the rclationship belween scrun leplin concenirations and fat distribution, expressed as WHR,
was more pronounced in paticnis than the controls, it is apparent that the association of leptin with
obesity was similar in the two groups, there being no difference between. the correlation ctiteria (slope, r,

and intercept) (Figure 6.27),

Waist measurements were correlated with leptin concendrations (Figure 6.29) and confirmed the strong
correlations shown with {lic other anthropometric variables, This emphasizes that leptin is influenced by

body fat, cspecially truncal obesity.
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Fignre 6.27 @
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Figure .29 :
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The refationship between Leptin, BMI and the occurrence of spontanecus ovulation in patients are shown

in Table 6-VIII and Figures 6.30 - 6.31.

Leptin fevels were significantly higher in obese patients

whether they ovulated or not. However, in lean anovulatory patients the range of leptin concentration

was markedly higher than the range in ovulatory patients. Therefore, the difference in the mean leptin

concentration between the lean subgroups could be masked by the wide variation between patients as
demonstrated by a high SD.

Table 6-VIII : Relationship hetween Leptin and Spontancous Ovulation in BMI-matched

Patients
Spontaneous Ovulation Ne Ovulation
Leptin(ng/ml) | Lean m=12) | Obese (n=6) P Lean (n=11) Obese (n=11) P
mean L 8D 12.92 £ 4.81 3232+ 14.73 0.0006 17.00+11.22 3492+ 18,48 0.00%98
| range 3.85-19,01 10.00 - 47.92 4.44 -39.71 6.46 - G6.01

Groups were compared nsing Student's t-test. “Ihe differences were expressed as P-vaine with P 2 0.05 is NS.

The elfcet of Ieptin on the occurrence of spontancous ovulation was masked in the obese individuals.

However, when lean individuals were examined, a borderline significance was found between lean

patients and tean controls (Table 6-£X).
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‘T'able 6-IX : Relationship between Leptin and Spontaneous Qvulation in Lean patients

Compared to Lean Controls

Lean Patients Lean Conirols
Leplin (ughnl) Ovulatory | Anovulatory P P* )
1 12 11 11
mean k S0 12.92 +4.81 17,00+ 11.22 LO75 246+ 428 0.0837 0.050
| range 3.85-19.01 4,44 -39,71 3.68-18.17

Groups were compared using Student's t-test. The differences between paticnts who ovulated and controls were expressed
as {P*); whereas the differences hetween patients who did not ovolate and confrols were expressed as (P*¥). P > 0.05 is KS.

Figure 6.30 ;
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It is apparent that the occurrence of ovunlation was not directly related to leptin concentrations when

compared in BMI-matched or WHR-matched patients (Figare 6.32 and 6.33). Similar observations were

found when patients were compared to their weight-matched controls (Figure 6.34).
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Figure 6.34 :

Relationship between Feptin and Spontaneons
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Figures 6.35 - 6.37 show that there werc similar refationships between serum leptin concentrations and
anthropometric variables in the two groups of patients : ovulators and non-ovulators, Figure 6.33 shows
that the relationship between leptin and BMI was similar in the ovulatory patients and the controls, and
that the patients showed parallel but slightly oifset refationship (i. e. for a given BMI, leptin was higher
in the anovulatory patients but the difference was not significant). I is unlikely that the occurrence of

spontaneous ovulalion in oligo/amenorrhoeic patients is directly influenced by leptin levels.
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Figure 6.35 :

Figure 6.360 :
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Figure 6.37 ¢

Correlation : Waist, Leptin and Spoutancous
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6.2.6 CORRELATION BETWEEN LEPTIN AND INSULIN RESISTANCE

Highly significant relationships were observed between serum leptin concentrations and the indices of IR,
expressed as FI and log;o FIRI, and [asting glucose (Figurcs 6.38 - 6.40). More significant relationships
were observed between FI and loptin and logyo FIRI and leptin concentrations in ovulatory than
anovulatory patients (Figure 6.41 and 6.42). Patients with IR ¢high FI and FIRI) showed significandy
higher keptin concentrations. This may indicate that spontaneaus ovulation is indirectly influcnced by
the strong rclatonship between leptin apd TR, There were no relationship between leptin and IGF-I

coneenfrations,
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Figare 6.38 ¢
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Figare 6.40 :
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Figue 6.42 :
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6.3 CHANGES IN OVARIAN ULTRASOUND VARIABLES
DURING THE WINDOW OF OBSERVATIONS

6.3.1 VARIATIONS OF TOTAL QVARIAN VOLUME (TOV )

There was a wide range of variations in TOV willin the wholc group of palicnis during the 5-week
window of observation (Figure 6.43). These variations were cven more pronounced within individual

patients (Figurc 6.44). The range of TOV was wide, varving from < 3 cm’ to 65 cnt’, {the average
coefficient of variation was 23%, range 2.16 - 56.8%).

216



Figure 6.43 :

TOV : Mean Values during the S-week period
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6.3.2 DYNAMIC CHANGES IN TOV

The dynamic changes in ovarian volume were correlated o the changes in the reproductive hormones, the
changes in the metabolic variables and the occurrence of sponfancous ovulation during the S-week

window of observations.

6.3.2.1 Relationship with Reproductive Hormones

There was no relationship between the TOV and any of (he reproductive honnones.  In addition, the
levels of Ea, LH, FSH, T, SHBG and FAT assuyed on the day of the ultrasound scan at the smallest and
the largest TOV are demonstrated in Table 6-X and Figures 6.45 - 6.47. It is apparent that there was no

influence of ovarian volume ou the concentrations of the reproductive hormoncs.

Table 6-X : The Concentrations of Reproeductive Hormonces at the Smallest
and the Largest TOV during the Window of Observations

Smallest TOV Largest TOV P
E2 (pg/mL) 59.9+ 332 72.4+52.4 NS
LH (IUA ) 9.6+ 4.9 106+ 5.0 NS
FSH (1U1.) 53+ 2.7 56+ 5.8 NS
T (nnal/L 27%17 26 L35 N8
SIIBG (umaliL) 559 £33.3 63.9% 32.0 NS
FAI 5.8+ 4.5 5.1% 3.3 NS

The dada swwas compared using paived t-fest. I 2 0.05 is NS
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Figure 6.45 :

Figure 6.46 ;
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Figure 6.47 :
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The palicnts’ 5-weeks TOV mean (mean of each patient’s S-week mean TOV) was 19.33 +7.45 cm®,

There were wide dynamic changes in TOV during the period of ohservation, with 68.3% of patients
showing > 60% change in their TOV and 41.5% had > 100% change in 1OV during the same period.
However, there was no difference in endocrine profiles or anthropometric variables between patictits who

showed these changes in TOV and those whe did not.

‘the mean difference between maximuom and minimum YOV for the paticnts was 11.23 + 9.62 cm’.
About half of the patients showett a variation in their TOV more than the group mean difference between

minimum and maximunt volume.

6.3.2.2 Relationship with Anthropometric Variables

The mean values ol TOV of the paticnts did not correlaie with BMI or WHR during the 5-week window
of ohservations. In addition, when the patients were subgrouped to BMI < or > 29 Kg/m’, TOV
measurements were simikar in obese and lean patients (Figurc 6.48). Similarly, TOV was not
signilicantly different in patients with WHR 2 0.8 and those with WHR < 0.8 (Figure 6.49).
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Figure 6. 48 :
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There was no rclationship between the anthropometric variables and the number of follicles or the

presence of thick stroma.
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6.3.2.3 Relationship with Insulin Resistance and Metabolic Variables

There was no relationship belween mean TOV and Vi, log, FIRI, GH or cortisol. Also none of the

metabolic variables syas correlated with the number of follicles or follicular distribution.

6.3.3 FOLLICULAR DISTRIBUTION ( PERIPHERAL 7/ CENTRAL )

There were 407 nltrasonographic ovarian obscrvations for follicular distributions. On 234 occasions
(57.5%) a peripheral follicular distribution was observed. Only 6 patients showed a central follicular
distribution throughout the pertod of monitoring, 12 patienis always showed a peripheral follicular

distribution and the rest of the patients had a mixed piclure.

Intercstingly, a change {from peripheral to central [ollicular distribution or the reverse was noticed in one
or both ovaries in 63.4% of paticnts, with 2 total numbcer of 72 changes, seen equally in the right and left

ovaries.

The mean ovarian volume was siniilar when follicles were peripherally (10.3 + 7.0 om®) or centratly (9.8

+6.4 cm’) distributed (Figure 6.50).

Figure 6,50 ;

Ovarian Volume and Follicular Distribution

60—
~ 50 co
i
B
]
40 -
M 40
= o
= .
S 30-] »*
- .
g
20
g
Q
10
0 oDnnnngnnnnao
Cenmtral

TFollienlar Distribution

222



However, when patients with only centrally distribuicd follicles (6 patients) were compared with those
patients with only peripheral (12 patients) or with mixed (peripheral and centcal) pictures (24 patients),
the Tollowing was obscrved : the mean TOV for centrally distributed follicles (13.47 + 1.34 cm”) was
significantly smaller than the mean TOV for peripherally distributed follicles (18,40 + 1,05 ¢m®) and that
of ihe mixed picture (21.0 £ 0.94 cm®) (P = 0.0004, < 0.0001; respectively). In addition, patients with
centrally distributed follicles had siguificantly fower mean follicular phase T concentrations and FAI
than patients with peripheral or mixed follicular distribution. The mean follicular phase SHBG
concenirations were similar in patients who had centrally or peripherally distributed follicles but
significantly higher than patients with a mixed picture. The mean follicular phase E,, LH and FSH were

similar in the three groups.

The mean mumber of follicles per ovary during the 3-weck window of obscrvations was 12.5 + 2.9 (range
5.24). There was no difference in the number of ovarian follicles between patients or within patients.
The mean number of follicles was similar when peripherally or centrally distributed, The number of
foilicles was significantly correlated with 1OV (r = (.53, P = (.0051) during the 5-week period of

observation.

It is apparent from the data, that the larger the ovarian volume the greater the number of follicles pushed
pevipherally by the thickened ovariawr stroma due to hyperandrogenization. However, the number of

follicles daes not inflnence their distribution (Figure 6,51).

Figure 0,51 ;

Number of Follicles in relation to their

Distribution
3549
s}
RLLES 2 o
v
o 257 . oo
= : g
=3
ﬁ 24 T ng
© sue oo
a8 edesbear Onos
Z 15 sisees,, Aoogposs oo
SecoudONENeY oon ono
vy ITTE = 1:: ::l -
ST [E[i]slasrararnsaras]sTuln]
14 0...:::.::...- aouHl 100
L T T I Y T BEaaERT JaOng
- JUD ]
5
Peripheral Central

Follicuiar Distribution

223



6.3.4 STROMAL DENSITY

Thick stroma was demonstrable in both ovaries by US scanning in 31 patients (75.6%), whilc only 8
patients (19.5%) had a unilateral thick stroma. The TOV measurements wete significantly larger in
patients who showed bilalerally thickened stroma compared with a unilaieral observation during the
period of inonitoring (Table 6-X1). However, there was no difference in BMI, WIIR, ., LH, FSH, T,
SHBG, FAT and A between these two group of paticuts.

Table 6-XI : The TOV in Bilateral versus Unilateral Ovarian
Thickened Stroma in Patients

TRilateral Tnilateral P
n 31 8
Week -1 20,20+ 810 12.53 £ 10.68 0.0238
Week-2 2042 = 7.90 12.78 £ 071 0.0138
Weak-3 21.67£ 990 13.84 % 8.43 0.0365
Weekdh 20.66 = 6.40 1526 11.84 0.073
Week-5 20,78 + 10.58 13.153 5.75 0.045

6.3.5 ULTRASOUND OBSERVATIONS IN PATIENTS WITH SPONTANEQUS
OVULATION

The total number of patients who showed spontaneous ovnlation was 18. Surprisingly, during the 5-
week window of cbservatious, the mean TOV of patients who ovulated was similar to that of paticnis
who failed 1o ovulate. The variability in the TOV (difference between minimum and maxitmum TOV)
was no different in this group comparcd with those who did not ovolate. These observations indicate that
in the event of or absence of spontaneons ovulation there is still a large variation in ovarian volume.
These changes may alse weaken the significance of ovarian volume as a criterion to diagnose PCO as

48.8% of patients showed both * normal ” and “ snpranormal » values.

An cgnal proportion of patients with a unilaterally (3 out of 8) or bilaterally thickened stroma (15 out of

31) showed sponlancous ovulation.
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6.3.6 CORRELATION BETWEEN ULTRASONOGRAPHIC OBSERVATIONS
AND CLINICAL PRESENTATION

The TOV or follicular distribution were not related to the length of oligo/amenorrhoea or years of
infertility, However, a negative relationship was found between the nomber of ovarian follicles and the
duration of oligo/amenorrhoea (1 =-0.35, P =0,0478). This means less E; and T, indicating less ovarian

activity, therefore, fewer oestrogen withdrawal or ovulatory bleeds in these patients.

Patients who had a unilaterally thickened stoma had a significantly longer duration of
oligo/amenorrthoea (18.0 + 14.2 wecks) than those with bilaterat (11,73 + 5.13 weeks) (P = 0.0395)
changes. No relationship was found between the presence of a unilateral or bilateral thickencd stroma

and the occurrence of androgenization or virilization.

6.4 DISCUSSION

This study presents data from longitudinal endocrine assessmeat in patients with oligo/amenorrhoca, and

relates ultrasonic evaluation and anthropometric variables to each other,

ENDOCRINE VARIABLES

In this study, the wide range of variations in the profiles of E,, LH, FSH and T concenirations within the
whole group of patients as well as within individual patients during the 5-week window of observations,
clearly contirm that ovarian function is dynamic in these patients in spiie of oligo/amenorrhoea and the
rarity in the occurrence of follicular growth and spontancous ovulation. This emphasizes the importance

of sequential studies, and reveals the limitation of single assessments,

Yen et al. (1970b) found that the varciation in the fluctuation of daily serun LH concentrations was rather
high Detween patients as well as within patients, although the daily serum FSH concenirations were
constant, In patients with PCQs, the eyclic pattern of LH and FSH is typically absent and (here is a
disproparfionately high secrction of LH with constant low FSH secretion resuiting in anovolaton (Yen ef
al 1970b). It was reported that the high LH concentrations found in PCO paticnts appeared (o be the
result of greater amplitude or increased frequency of pulsatile LH selcase or both (Yen, 1980), and that in
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about 10% of PCQ palicnts, basal levels and the pulsatile pattern of LH relcase arc indistinguishable
from thosc of normal cycles in women, which may simply reflect day-to-day variation in LH relcase or
the time at which the sample is taken. More than half (57.1%) of the paticnts in the present study

showed both normal and supra~-normal LH concentrations.

Amongst the study paticnts, SHBG showed the lcast variation during the period of obscrvation in
comparison to the other endocring variables measuied.  This obscrvation indicates that SHBG (and
subsequently FALD) may be the most suitable endocrine variable for diagnosing or investigating the

pathophysiology of the disorder in patients with oligo/amenorrhoea,

SPONTANEQOUS OVULATION

Documentation of Spontaneous Ovulation

The elevated LH levels, seen in patients with PCOD, arc not caused by an inability of the hypothalamic-
pititary system to respond to the negative or positive feedback effects of oestrogen (Yen, 1980) because
following an increase in endogenous E; from an induced or spontancous follicular maturation, an LIT

surge with subsequent ovnlation does occur (Yen, 1980),

About 42% of the study paticats showed follicular developmen( and ovulation was documenied in ail
these cases. All the study patients who ovalated spontarcously cxhibited a demonstrable LH surge and

luteinization with circulating P concentrations = 4 ng/mlL. These findings confirms Yen’s observation,

Fleming et al. (1995) reporied a similar occurrence of follicular development in their patients with

oligomenorrhoea and that 2 LH surge and luteinization were confirmed in maost of their cases.

A lowcer incidence (25%) of spontaneous ovelation in patients with PCOD was reported by Baird ef al.
{1977} who used 6-weeks period of obscrvation and urinary products 10 assess ovarian function. This
observation was interpreted as that occasional ovulatory cycles may occur spontaneously in paticis with
PCOD presenting with oligo/mnenorrhoea (Baird ef af 1977). The finding of 2 corpus lntcum as an

evidence of ovulation was demonstrable in 22% of the cases with PCOD (Pache ef af 1990).

In normal menstrual cycles, the LH peak was observed between c¢ycle day 13 and 18, reflecting a
considerable variation in ovulation timc (Pachc et of 1990), which is cxaggerated in patients with

menstroal disturbances, especially oligo/amenorrhoea.  Although the window of observation was
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extended to 5-weeks, and also blood sampling siarted > 2 weeks after Jast menstrual period, it is probable

that the incidence of spontaneous ovulation was underestimalted.

The discrepancy in (he incidence of spontaneous ovulation in patients with PCOD in the literature coutd
be duc to the diagnostic criteria of the patients, the wide variation in the presentation, the selcction of
paticnts and period of observation, and when the observations were started. Most methods lcad to

undvorestimation of the phenomenon because of the variability seen.

The mean concentrations of the mid-lulead phase P scorction for paticnts of this stady who had
spontaneous ovolation was 13.2 + 4.58 ng/mL (range 5 - 25.5 ng/ml) and was similar to the mean P
value of the mid-luteal phase in the control group. In addition, the mean of the mid-luteal phase P
secretion was almost equal to the mean P (LH peak + 4 1o + 9 inclusive} value, These findings indicate
that the study patients generally showed adequate huteal function,

The key featurc of anovifation in PCOD is failwe of normal folticular maturation. Poor follicular
maturation is associated with subnormal or absent P secretion and thercfore, unopposed oestrogen
production by the ovary or by peripheral tissues, The normal negative feedback control of the pituitary is
disturbed and the rise of FSH, which occurs in the late Juteal phase of normal cycles and is responsible
for normial development of the next crop of follicles, fails to occut (Franks et al 1985). Perbaps the low
FSH Ievels during the follicular phase induce abnormal follicular maturation or require longer periods of
stimulation (o initiate follicular maturation (Wu & Mikhail, 1979). Elevated LH and/or androgen levels,
hyperinsulinaemia and IR, are believed fo be crucial factors involved in maturation arrest of follicles in
PCO (Anderson, 1974). However, there is 10 suggestion from the present study that LI or T have any

relationship with the incidence ol ovulatioit. These factors are discussed separately below,

Progesteronc Index

In this study, in order to assess the luteal function more wccuraiely. the luteal phase P profile was
quantified by the PI. Although normal P concentralions were established in all of the study patients by
mid-Iuteal phase assessment, the mean PT was sub-normai with almost half of the group having a PI of <
70 (lower limit of normal). This indicates that a single measurement of mid-luteal serum P

concentration may be inadequaie for evaluation of luteal function and ovulation,
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A sub-normal PI (< 70) was dcmonstratcd in the majority of the ovulatory cycles, and the mean valucs of
PI for the patients with. norinal and with elevated T.H were similar. This confixms that the occurrence of
spon(ancous ovilation and the inadequacy of the futeal phase P profiles were independent of follicular

phase LH concentrations.

Sherman and Korenman (1974} woere first 1o describe the submormal P concenlration profiles in infertile
oligomenorrhoeic patients, indicating an inadequate luteal phase due to their long cycles. Wu & Mikhaiil
(1979} int a small series showed that in oligomenorrhogic patients ovulation may fail to occur, despite an

adcquatc LH surge, and if ovulation occurs, it tends to e abnormal leading to a deficient luteal phase,

Sub-normal mean plasma P profiles in the early luteal phase in 53% of their oligomenorrhoeic patients
who demonstrated LH surges, wore reported by Fleming ef a/. (1995) although normal P concentrations
were establislied by the mid-hnteal phase. The same authors also found that the proportion of patients
with. elevated LH was no different from that of the whole group with oligomenorrhoea and that the mean
follicnlar phase 1.H concentration of thosc patients showing a normal PI was similar to the mean LH

concentration of patients demonstrating follicnlar growth and a sub-normal PIL.

Follicular LH

A significantly higher mean follicular phase LH concentration was found in the study patients in
comparison 1o the control group as has been reported by others (Eden er af 1989a; Fleming et af 1995).
Persistently high follicutar LH concentrations were observed in 26.8% of the oligo/amenorrhoeic patients
of this sludy, while 34.1% of {he patieuts showed normal follicular LH concentrations. The mean
follicular phase LH concentrations of patients with oligomenorrhoea was reported to be mikdly elevated
but with a considerable range of values (Fleming er of 1995), and about 60% of paticnts showed

consistently elevated LH concentrations during the period of observation.

In the present study, almost similar proportion of patients with normal or high follicular phase 1.H
showed spontaneons ovulation, However, the PI range was not different, indicating that high LH was not
a major determinani of the incidence of follicular maturation or the quality of the luteal function in such
patients. This agrees with the findings reported by other investigators (Fleming of af 1995), where there
was no relationship between LH and PI, and the distribution of PIs was similar in the normal LH and

clevated LH groups.
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In contrast, Sagle ¢f al. {1988} reported that LH concentrations arc usually normal in wonicn with PCOs
who ovulate and Baird e/ 4/ (1977) have shown that urinary LH concenfrations were higher in
oligomenorrhoeic patients who did not ovulate than in those who ovulated. Although the mean basal LH
value was found to be nearly double in patients than in controls during the early follicular phase, the
concentration was variable from patient to patient and also within the same patient from day 0 day
(Baird et ai 1977). The ¢levated LH levels have been linked with abnormal ovarian function, although
the mechanism is not fully understood. Yen (1980) suggested that the elevated LH coitcentrations,
observed in women with oligomenorrhoea, play a4 major role i the aetiology of PCOD and can result in
failure of follicular maturation and ovulation, However, the resuits of the present study clearly disagree

with such conclusions.

Minakami ef of. (19882) showed that the basal LH levcl, as well as the LH response to LERH, were
depeadent on the dme since (the last menstruat cycle and that LH clevation above normal in PCO patients
may be related to their long-standing follicular phases. They also notcd that the clevated LH
concentrations declined afier ovulation (o normal or ncar-normal range at the end of the lutcal phase and
in the carly follicular phasc. The declined LH level gradually increased again with the incrcasing days
from the beginning of menstrual flow and remained at a high level uuntil the next ovulation. In the
present stndy, most patients with oligomenorthoea were sampled at similar time in relation to their
menstrual cycle and continued for a period of 5-weeks; a simlat proportion of ovulatory cycles was
observed in botb the high LH group and the normal LH group. This is in addition to wide variations
seen within paticnts at any stage. If LH is to be used as a diagnostic criterion, then the timing of the
biood sampling is important, since concenirations in the luteal phase and the early follicular phase may

be lower than at olher times.

Abnornal secretion of Lt and androgens were claimed to contribute to the subfertility of women with
PCO (Edcn et af 1989a), and high follicular phase levels of LH may also impair fertilization (Stanger &
“Yovich, 1985). A raised serum LH concentrations during the follicular phase of unstimulated (Regan er
al 1990) or stimulated (Homburg ef af 1988) ovulatory cycles resulted in 4 substantial risk of infertility
and pregnancy Joss (up to 65%).

Homburg et a/. (1988) reported that exposurc of the ovaries to high concentrations of LH during the
follicular phase in women with PCOs have a harmful effect on rates of conception and may cause catly
pregnancy loss, The mean basal serum LH concentrations of oligomenorrhoeic patients who ovulated
after pulsatile LHRH therapy was found (by the same authors) not to differ from those patients who failed
to ovulate, and there was no difference in LH concentrations between those who did not ovulate and those
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who ovulated but failed to conceive. However, the LI concentrations were significantly lower in those
who ovulated and did conceive and in those whose pregnancy progressed boyond the first 4 weeks
compared with thosc who suffered eatly pregnancy loss (Homburg ef af 1988). In addition, oocytes
oblained from the pre-ovulatory follicles during stimulaied ¢ycles of women with elevaled LH levels were
found te have impaired in-vitre fertilization ability and the cmbryos which formed were less likely to
implant successfitlty (Stanger & Yovich, 1983). It would be of interest to study the cusrent group of

paticats during stimulated cycles.

A study of ovarian tissue taken by wedge resection from patients with PCOD showed that the binding of
LH to the membrane receptor, did not basically deviate [rom notmal in PCOD. However, when
compared with normally developing follicles, the numbor of follicle receptors for LH was decreased. R
was suggested that abnormal follicular development and function in PCOD may be due to tonic excessive
LH stimulation of the follicles too early in development, leading (o a decreased number of receptors for
LH (Rajanicmi ef o/ 1980). However, the observation of apparently normal follicular development in

some patients in the present studyv does nat suppaort this hypothesis.

Androgens

Mcan follicular T concenirations were not different in patients who did not ovulate compared to those
patients who avulated, but both were higher than the levels in the control group. A simitlar observation
was found by Eden ef al. (1989a) who cxamined single samples. Similar proportions of patients in the
current study, who had normal mean follicular phase T concentrations and those who lhad elevated T
coticentrations showed spontaneous ovulation. The mean follicular T concentrations were significantly
higher in patients with clevated LH valucs (P = 0.0105), and there was a weak correlation between LH
and T {r = 0.29, P = 0.061). This indicates that TT was not direclly implicated in the incidemce or
inhibition of spontancous follicular growil supporting Uic obscrvations in the literature Fleming et af
1995). A higher (3.7 nmol/L) upper limit of the normal range for TT was reported by Fleming ef al.
{1995} than in the present study, however, there was no difference in the mean follicular phasc T
concenirations seen in their patients who showed follicular growth and those who did not. Testosterone
concentrations were found by the same authors to be positively correlated with LH (r = 0.47, P = 0.008)
but there was no link with the incidence of spontaneous follicular growth. There was no significant

difference in the incidence of spontancous ovnlation in patients with elevated or with normal mean
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follicular phase 1' concentrations. However, the T concentrations were significantly higher in patients

with elevated LI values (P < 0.001). The data of the present study supports these findings.

Eden ¢t al. ( 1989a) suggested thal abnormal secrelion of TT concentrations and subsequently high FT
may conlribute to the subfertility of women with PCO, and it was proposed that high follicular phase
levels of androgens could impair infrafollicalar conlrol mechanisms (You, 1980). In this study, a
relationship between hyperandrogenism and spontancous ovulation was only detecied through differences
in SHBG and conscquently FAI, rather than total androgen fevels. The differences in the mean follicular
FAI valucs were significant between patients who failed to ovulate and paticnts who ovulated and the
controls, mainly through the effect of SHBG. More patients with normal FAT experienced a spontaneous
ovalation than did those with high FAJ.

Other Reproductive Hormones and Spentaneous Ovulation

The stady patients who ovulated showed similar mean follicnlar pliase FSH, LH:FSH ratio, A and 17a-
OHP concentrations, higher E; and SHBG concentrations, and significantly lower FAT and PRL values

compared to those patients who failed 1o ovulate.

Although the study patients who ovulated spontaneously showed significantly higher LEH concentrations
than the conirol group, the mean follicukar E, concentrations were similar, indicating the similarity in E,
secretion during follicular maturation. The concentrations of FSH were significantly lower in patients
who ovulated than in the controds. Similar observations of nointal E; and a low FSH have been reported

by others (Sherman & Korenman, 1974).

The E, profiles in patients showing follicolar growth were reported to be normal when compated with
normual controls and there was no difference in the E, profiles of patients with efevated LH or normal LH
values (Fleming ef a/ 1995). Suarprisingly, significantly lower follicndar phase E; concentrations were
estimated in urine of patients with PCO who had spontaneous ovulation than in patients with anovulation

(Baird et af 1977).

It may be suggested that low FSH concentrations, observed in the study patients during the follicular
phase, induce abnormal follicular maturation or require longer periods of stimatation to effect follicular
maturation as proposed by Wu & Michail (1979). In contrast, ovulatory women with PCO were reported

to have larger follicles and higher levels of FSH despite similar concentrations of E. , when compared
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with the controls (Eden ef af 1989a). Howcever, modern more specific immnnoassays may more reliably
detect real differences, and if the observations recorded here represent biological activity then low FSH
cannot be the cause of blacked follicular growih. The old hypothesis that Iow FSH in patients with
oligomenosthoea and PCOD leads to anovulation is wrong as lower FSH concentrations were observed in

ovulators than in non-ovulators. Therefore, a new explanation for anovulation in such patients is needed.

Metabolic Variables and IR

Despite similar GH concentrations between the groups of this study, a significantly lower mean follicular
phase TGF-f conceniration was observed in patictits who failed to ovulate spontancously in comparison to
those patients who ovulated and the controls. Howcver, in spite of significantty low IGF-I levels in
comparison to the control group, spontaneous ovulation was still obscrved in patients. This indicates that

IGF-I may influence the adequacy of luteal function rather than the occurrence of ovulation.

Barreca ef a/. (1996) found significantly lower IGF-I in follicular fluid from patients with PCOD than in
follicular fluid from normal subjects. ‘The human ovary has boih I and IGF-I receptors. Specific binding
sites for I (Poretsky ef o/ 1984; Nagamani & Stuart, 1990) and for IGF-1 (Nagamani & Stuart, 1990)
have been identified in human ovarian stroma, In presence of hyporinsulinacmia, I might mediate its
action through IGF-I receptors (Nagamani & Stuart, 1990), pariicularly when IGF-I concentrations are
reduced. Follicle stimulating hormonc inhibits the release of IGFBP’s from granulosa cclls. Theretore
the decreased 1GFs would be compatible with the relatvely slow early follicular development. FSH-
insensitive follicles undergoing atresia may be compromised by decreased IGFs {Adashi et al 1991),
Increasing 1GY-1 levels in follicular fluid may corrcet the IGF-1 imbalance and overcome the defect in

granudosa cells in PCO paticnts and improve ovarian follicular maturation (Barreca et af 1996),

‘There was a tendency towards an increase in the indices of IR, assessed by FI, GI.U/INS ratio and FIRT,
with the degree of disturbance of ovarian function which was more pronounced between the study
patients who did not ovulate and the control group. This indicates that IR may have an influence on

ovarian fonction and the occurrence of spontaneous ovulation, possibly through etlects of TGE-I,
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Anthropometric Variables

In this study, signiticant relationships wexe observed between antlopometric variables and the mean
follicular hormones represonting the androgenic state of the paticals; the clearest links were scen in the
SHBG data.

It was apparent in this study, that the ratio of body fat distribution (WHR) rather than BMI influences the
capacity to undergo spontaneous follicular maturation and ovulation. Weight loss seems an effeclive
form of therapy, resulting in improvement in menstcual eyclicity, return of ovulation (Harlass et af 1984,

Holte et o 1995)and restoration of IS in such patients (Holte et o/ 1995).

Leptin

In this study, the mean values and ranges of plasma leptin concentrations were stmilar in patients and
conlrols. Leplin concenirations were strongly correlated to BMI, WHR and waist in both study groups.
Similar retationships have been found by others (Considine ef af 1996; Klein er al 1996). Obese paticots
and controls had significantly higher mean leptin concentrations than their lean counterparts (P <
0.0001), The concentrations of lepiin in obesce and lean individeals [ell in (he samc ranges reporled by
other authors (Considine e af 1996; Haffner er of 1996). However, when the study paticnts were
compared with weight-inatched controls, lean patients had higher leptin concentrations than Ican
controls but the difference was lost between obese patients anrd controls. The finding of increascd scrum
leptin concentrations in obese subjects may suggest increased resistance to leptin, although the detection
of leptin by immunoclagic methods does not prove that it is biolegically active (Considine &7 af 1996).
Considine ¢f af. (1996)reported that the fluctuation of sermmn leptin concentrations was large in the
presence of relatively small changes in body weight. These observations may indicate that althongh the
rate of leptin production is directly related to obesity and it is increased per unit body fat (Considine et af
1996, Klein et ol 1996), there are other factors which may regulate its production such as chronically
elevated levels of I (Bonora et a/ 1989; Considine ef a/ [996) and IR, sympathetic nervous system
activity and corlicosteroids (Caro ef al 1996, Klein ef o/ 1996). In this study, a highly significant
relationship was found between mean serum leptin concentrations and indices of IR (FI, GLU/INS ratio,

logo FIRT),

No retationship was observed between leptin concentrations and E,, LH, FSH, T, SHBG or FAIL. The

relationship between leptin concentrations and 'I'OV was weak (r = 0.28, P = 0.075). Mean leptin levels
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were Jower in patients who ovuolated than those who did not ovulate bul the difference did not reach
statistical significance (P = 0.075). The relationship between leptin and the occurrence of sponianeons
ovulation was masked in the obese individuals, However, leptin concentrations in lean controls were
similar to their levels in ovulatory paticits but were fower than in lcan anovulatory patients (P = 0.05),
However, for a given BMI, leptin concentrations were not significantly different in patients who failed to
ovulate, compared with. those who did. It is unlikely that the occurrence of spontaneous ovulation in
oligofamenorrhoeic paticnts is influenced by leptin levels. The relationships befween Icptin and indices
of IR were stronger in patients who ovulated than anovulatory patients, This may indicate that the
occurrence of spontancous ovulation was indirectly influenced by the strong positive correlation between
leptin and L.

It has been reported that animals with mutations in the obese gene arc obese and lose weiglt when given
leptin, but little is known about the physiclogic actions of leptin in humans (Considine et af 199G). In
mice, leptin receptors were identified in the ovary and leptin administration was found to stimulate
gonadal fuuction, causing a significant increase in LI, sex steroid production and increased ovarian and
uterine weights, indicating greater amounts of follicular development which were confirmed
histologically. In normal animals Ieptin serves as a metabolic signal to the reproduciive sysiem (Barash

et @l 1996). However, similar studics on hwnans rave not vet been carried out,

ULTRASONOGRAPHIC OBSERVATIONS

The accurate assessment of follicular growth and devclopment is important in the investigation and
freatment of the infertifc woman, Assessment of follicular growth by US scan is important in evaluating
and treating all infertilc women and in particulas oligo/famenorthogic patients. Ultrasonic assessment of

follicular growth is a useful addition to hormonal measwrements {Hackelder et al 1979),

In the present study ovarian structural changes were recorded in women suffering from cycle
disturbances and infertility. The observed changes were correlated with clinical and biochemical
features. Repeated sonography cxaminations were performed 10 assess possible dynainic changes in the

ovaries.
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TOV

Significan( varalivas in the TOV werc observed between and within the patients, regardless of the
occurrence of spontancous ovulation. However, there was no influence of ovarian volume on the mean
follicular phase concentrations of LH, E; and T. Pache et al. (1991), however, showed that there was no

statistically significant difference between serial examinations of the same ovary.

in addition comparison between the hormonal concentrations at the lowest and at the largest TOV during
the period of observation showed no influence of ovarian volume on the conuentrations of any of the
reproductive hormones. However, significant correlations have been reported in the literature between
ovarian volume and LH and T (Pache ef af 1993).

In this study, no significant difference in the mean ovarian volume was observed belween the right and

left ovary. Similar observation have been reported by others (Pache ef af 1991; Takahashi ef af 1994b).

The pationts’ 5-weeks TOV mean was 19.33 + 7.45 cm’, and almost half of the patients had mean TOV
greater than the group mean. More than half of the patients showed > 60% change in their TOV while
41.5% had doubled their ovarian volume during the period of monitoring. This significant change in
TOV was not accompanied Ly any significant difference in the endocrine hormones, IR or other
metabolic variables. Furthermore, the wide varialions in TOV were not influenced by BMI or WHR.
The mean ovarian volume has been repoited to be significantly larger in patients than in conirols (Pache
et ai 1991; Pache ef o 19920), with 9.8 nil in patients and 5.9 ml. in controls (Pache «f af 1992b) but
there was a wide overlap in size, suggesting that the disceininalive power of the ovarian volume as a

diagnostic US parameter of PCQOs is poor.

Marked asymmetry between the two ovaries, i. ., one is smaller than 75% of the other, has been reporicd
in 28.5 - 64.4% iu some series (Yeh ef af 1987, Takahashi ef o/ 1994b), however, there was nof such &

marked asymmetry between the ovaries of controls.

In the present study. no refationship was found belween TOV and netabolic variables, including IR. In

contrast, [ and IR were significanily coriclated with ovarian vohnng in the study of Pache ef al. (1993).
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Follicular Number and Distribution

In this study, the mean munber of follicles dwring the 5-week period of observation was higher than
reported in the literature for patients with PCOD and almost twice the number of follicles found in
controls (Pache et af 1991; Pache et al 1992b; Takahashi ef af 1994b). A significanlly higher numbcer of
folliclcs than in the current study was reported (Takahashi ef of 1994a). However, a considerable overlap
existed behween control subjects and paticnts with PCOD in follicular number and size (Pache ef af
1992h). n their strdy, a maximum number of 11 follicles could be detected in nermal ovaries. On the
other hand, a considerable number of ovaries in patients with PCOD contained fewer than 11 follicles.
Therefore, the specificity of a cut-off value of 12 or more follicles per ovary may be high, whereas the
sensitivity of this level is too low to rule out the diagnosis of PCQ. This indicates that follicular mumber
as well as ovarian volume may not be used separately as a single reference to discriminate between
normal and PCOs and the question of what shoutd be the threshold follicle number for the ovary 10 be
considered as polycystic should be addressed further,

In the picsent study, there was o significant difference in the number of small foilicles between the right
and left ovary which was similar to reports in the literature (Takahashi er &/ 1994b) and the mean
number of follicles showed a variation during the period of monitoring which was significantly corretated
to TOV. However, others (Pache ef al 1990; Pache et af 1991) showed a slight variation in the follicular

number throughout the menstrual cycle, although a considerable inter-individual variation cxisted.

More than half of the stady patients showed a iixed picture of peripheral and central follicular
distribution in relation to the stroma in their ovaries. Tnterestingly, the distribution of follicles in onc
ovary was not static and a change from peripheral to central or the reverse was observed in > 60% of
ovaries. The mean TOV (cnded to be smaller if the follicles were consistently centrafly distributed than
if they werc peripherally distributed.  Larger ovarian volume favours the peripheral distribution of the
follicles and was associated with a significantly greater number of follicles than the smal ovary.
Theretore, the larger ihe ovarian volume the greater the number of follicles pushed peripherally by the
thickened ovarian stroma caused by hyperandrogenization. However, the aumber of follicles does not
influence their distribution. A strong relationship between ovarian volune and follicle munber has also

been reported in the literature (Pache ef af 1991).

In this study, no relationship was demonstzated between follicnlar number and endocrine, metabolic or
anthropometric variables. No correlatiom between follicular number and BMI was found by others

{Pache et af 1993). However, a correlation has been reported between the follicle number and LYLFSH
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and FAI (Pache ef af 1991), between follicle nunber and androgens (Pache ef o/ 1993; Takahashi e af
1994a), and between follicle number and IR (Pache et al 1993).

Mean [ollicle size was not related to mean follicke number, indicating that the extent o which individual
follicles grow is not related to the number of maturing or atretic follicles present (Pache et a/ 1921). It
has been reported that there was a significant correlation between the number of smsall cysts on
transvaginal US and the number of atretic follicles with hypertrophied and Inteinized inner theca cells,
and thickened ovarian capsules demonstrated histologically in ovarian tissues from patients with PCOD
(Takahashi et af 1994a). All siages of folliculogenesis were increased in the PCO and atretic follicles
formed about 76% of small cysts on histological cxamination. When > 10 small cysts in cach ovary arc
observed Ly transvaginal US, the paticnt can be histopathologically diagnoscd as a PCOD patient with
nuincrous atretic follicles (Takahashi ef @/ 1994a). Therefore, the asscssment of ovarian morphology by
transvaginal US in these patients provides an insight 1o the paihological siaic and possibly (he degree of
progression of the discasc (Takahashi ef &f 1994a).  Intcrestingly, significantly more small follicles were
associated with a lack of response to ovulation induction with clomiphene citrate, thercfore, the US
featurcs could be clinically uscful for distinguishing the non-responders from the responders to
clomiphene citrate (Takahashi ef af 1994b),

Stromal Density

In this study, thick stroma was the most sensitive US criterion to diagnose PCOs. The majority of cases
had bilateral thick stroma while only 21.4% had unilateral thick stroma. Bilateral rather than unilateral
thick siroma was associated significantly with larger TOV. A significant correlation has also beep
reported by others (Robert ef a/ 1995). This may be explained by the clarity of visualization wher TOV
is large. However, there was no influence of LH, androgen concentrations or anthropometric variables
on the presence of uwnilateral or bilateral thick stroma. However, significant relationships have been

reported between thickened stromra and LH, T and TR (Pache et of 1993).

Total follicle number in both ovaries was found to be well correlated with ovarian stroma echogenicity
(Pachc et af 1991). The echogenicity of ovarian stroma was reported to be increased in 10 - 16% of
controls and was normal in 6 - 26% of PCQOD patients (Pache ef a/ 1992b; Robert ef af 1995). Increascd
echogenicity was reported to be the most sensitive and specific sonographic sign of PCOs (Pache et f
1992b; Robert et af 1995). Increased stroina is considered to be a classical morphological criterion for

the diagnosis of PCOs (Pache ef a/ 1921). However, assessment of the echogenicity of ovarian stroma is
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subjective, with the risk of overcstimating the hyperirophy, The inter-observer variation was minimized

when all US assessments were carried oul by a single operator.

Ovarian capsular thickness was observed in 63% of PCOD paticiits but no corrclation has been found
between the thickness of the capsule and the morphology of ovatian structures (Takahashi ef af 1994a).
The same avthors found that androgen concentrations and that ovarian capsular thickness were
significantly correlated with the number of at:etic follicles, with the Jatter found to be significantly
higher in PCOD paticats with thickened ovarian stroma than in those without, Therefore, the ovarian
capsular thickness might be relfated not only to hyperandrogenism, but atso to the wmorphology of ovarian
structures (Takahashi ¢t «f 1994a).

Stromal hypertrophy is a frequent and specific US finding in hyperandrogenic and/or oligomenorrhosic
wotnen. Rabett ef af. (1995) demonstrated simdlar accuracy between visual and computerized analyses
for stromal assessment, with the main advaniage being avoiding false-positive results in normal patients

using the compulerized analyses, cspecially in doubtlul casces.

Spontaneous Ovulation

In this study, there was no influence of ovarian volume or the presence of unilateral or bilateral thickened
stroma on Lhe occurrence of sponiancous ovulation, The changes in (he mean TOV were not restricted to
thosc paticnts who ovadated spontancously but significant enlarpement of the TOV was atlaincd despite
the absence of ovulation, This may even weaken the significance of ovarian volume as a criterion to
diagnose PCO.

All patients (43.9%) who had spontancous ovulation showed a mature follicle by US scar (218 mmn).
However, maturing follicles on US scans (1.5 « 2.9 cm) have been reported to be much lower in PCOD
paticnts {13.5%) than in healthy women (36%) (Yeh et 4/ 1987). When ¢vulation occuts in patients with
PCOD, it does not usnally exhibit regular inteivals which makes the detection of a mature follicle
difficult.
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Chnical Presentation

In the study patients, TOV or follicular distribution were not related to the period ol infertility and {he
presence of oligomenorrhoea or amenorrhoea. However, the longer the period of menstrual distutbance,
the lesser (e number of ovarian [ollicles observed, This may indicate less ovarian activily, therefore,
lower F; concentrations and subsequently less withdrawal or ovulatory bleeds. Thereforc, 4 solid variant

of US PCO pictwre reported by Orsini er al. (1983) may indicate moze severe disease.

The presenec of bilateral thick ovarian stroma does nof indicate that the diseasc is more severe than the
presence of unilateral thick stroma. On the contrary, the presence of unilaterally thickencd stroma was
significantly associated with prolonged durations of menstreal disturbance but nol with the

presence/absence of hyperandrogenism,

There was no significant ditference in median follicular number, follicular size, ovarian volume, or
ovarian stroma estimates between patients with ofigomenorrhoea and patients with amenorthoea (Pache
ef af 1992b). Hirsutism was positively correlated in previous studies with the munber of follicles, ovarian

valume, and stroma echogemicitly (Pache er ol 1993; Takahashi et af 1994a).

CONCLUSION

There is a tendency Lo consider oligo/amenorrhoea and PCOD as static conditions, and diagnosis with a
singlc blood samplc for hormone assay andfor US assessment has been the practicc. However, it is
evident from the longitudival studies that morc biological variability exists than stiict criteria would
allow aud a cut-off level for any of the quantitative parameters which would have provided both a

satisfactory sensitivity and specificity for diagnosis was not found.

The levels of SHBG showed the least variation within and between patients and was {the most consistend
of the endocrine variables. In addition, thc mean basal as well as mean follicular phase SHBG
concentrations showed the most significant relationships with (he anthropomelric variables, the
accurrence of spontancons follicular growth and ovulation in comparison to the other reproductive

hormones. Therefore, SHBG is a better predictor of ovarian function than LH and T.

A signiticantly lower mean IGF-I concentration was found in the patients who failed to ovulate than in

the patients who had spontaneous ovulation and in the controls. Furthermore, the IGF-I concentralions
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were significantly lower in the group of paticnts who ovulated than in the controt group, Unsulin-like

growth factor-I may influence the adequacy of Inteal function rather than the occurrence of ovolation,

Insulin and IR did not demonstrate any direct effect on the occurrence of spontancous ovulation or on the
ovarian gross morphology monitored by US. Howevcer, there was a tendency towards an increase in FI
and FIRT with the degree of disturbance of ovarian function but these differences were not significant.
The observed cycles might not represent the entire menstruat history of such patients. It is expected that
if IR plays a major role in the pathogencsis of PCOD, it should also correlate with ovulation and
polvcystic changes of the ovaries. Insulin may influence ovarian activity indirectly thwough its

relationships with IGF-I and leptin. These interactions need further exploration.

It was apparent that WHR, rather than BMI, influences the occarience of spontaneous follicular growth

and ovulation,

The mean values aud ranges of plasma leptin concentrations were similar in patients and controls and
wore strongly relaled 10 BME, WHR and waist in both study groups. However, in. the absence of obesity,
Ieptin concentrations were higher in lean patients than lean controls.  Although the rate of leptin
production is dircctly related to obesity, there are other factors which may regulate its production such as
chronically elevated levels of IR. A highly significant relationship was found between mean serum leptin
concentrations and indices of IR. No relationship was observed between leptin concentrations and any of
the endocrine variables or TOV. The mean leptin levels were lower in patients who ovulated than those
who did not ovulate but this difference was not significant. It is unlikely that the occurrence of
spontaneous ovulation is directly influenced by leptin tevels. Howcever, studies on the physiologic actions

of leptin and its relationship {0 the reproductive system in humans are needed.

The most sensitive and specific US scan criteria, for the diagnosis of PCOD, shown in this study was the

combination of thick stroma and follicular number.

The mean TOV of the study patients was significantly larger than the TOV of the controls, No
relationship was found between any of the US indices and endoctine, metabolic or anthropomciric
variables, Asymmelry of ovaries was quite 4 common finding and about hali’ of the paticnis at least
doubled their ovarian volume, even in the absence of ovulation. The dynainic state of the ovaries was
demonsirable by chauges in TOV and the number and distribution of follicles, regardiess of the
occurrence of spontaneous ovulation, and these changes were not related to honmone comcentration

changes. luterestingly, a change from a peripheral (o a central distribution of ovarian follicles or the
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reverse, was observed in > 60% of US occasions. Larger TOV favoured a greater number of follicles

with a tendency towards peripheral distribution as well as the presence of a bilateral thick stroma.

Agsessment of ovarian morphology by means of US is currently employcd as a substitute for histologic
cxamination in the diagnosis of PCOs, However, because of the heterogencity of the PCOD, US cannot
be used alone for diagnosis (Anderson, 1974). Onc-thisd ol paticats with biochemically documented
PCOD will have normal-appearing ovaries by US (Takahashi e «f 1994a). 'Transvaginal US enables
reliable diagnosis of PCOs and characterization of limits for normal mamber and size of follicles wili

allow mote accurate differentiation between normal and abnormal ovarian function.

Since PCOD 1epresents a wide variation of presentation, ovarian enlargement and follicle formation may
vary according to the duration and degree of hormonal disturbance (Haonn ef af 1984). Diflerences in
ntethods applied (equipment used for US examination, assays applied for hormone measurements, timing
of investigalions, accuragy in measuring ovarian diameters, etc.), and in the criteria for selection of

subjeots might account for the conflicting data in the literature regarding this disorder.

241



CHAPTER SEVEN : LIPOPROTEINS, POST-HEPARIN
HEPATIC LIPASE ACTIVITY AND THE RISK OF
CORONARY HEART DISEASE IN WOMEN WITH PCOD

7.1 INTRODUCTION

"The gender difference in CHD ratcs in younger adults (20-50 years) and the increased risk following the

menopause in women help in understanding the basis of the CHD pathogenesis.

The LDL is associated with a high risk of CHD (Laing ef of 1993). The main influences on the LDL
subfraction profiles are the TG, the activities of hepatic and hipoprotein lipases and the presence of IR
(Knopp et al 1994; Tan et al 1995).

The smatl, dense LDL (LDL-11) is widely considered 1o he the most atherogenic form of LDL, When it
is present at a concentration in excess of 100 mg/dL there is a 7-fold incrcased risk of CHD regardless of
the plasma cholesterol level. In men with incrcascd waist size, LDL-IH was shown to be significantly
raised, with a plasma TG in excess of 1.5 mmol/L, higher FI and an elevated content of the farge, TG-
rich VLDL subfraction.

Males on average demonstrated twice the HL activity of females (Tan ef o/ 1995). This enzyme is
thought to be responsible for the conversion of LDL-I to LDL-III and it is considercd to be under sex
hormons control. It is possible that the lipoprotein associated risk in women is due in part t0 an alteted
androgen/oestrogen balance which stimulates Hl, and in so doing promotes the redisteibution of
circulating LDL into LDL-1II. Women with central obesity, indicated by inicreased BMI and WHR, and
high FI levels were reported to have raised plasma TG and VL.DL but accumulation of LDL-II (a more
benign LDL subfraction) rather than the LDL-I (Tan ef of 1995). This was atiributed to the 50%
reduction in HIL in women compared to men. However, the precise effects of changes in anthropometric

indices on plasma lipoprotein subfraction distribuions are unknown (Tan ef al 1995},

Early menopause has been shown 1o be a feature of women who get early CHD. In addition, studies of
hormone replacement therapy with unopposed oestrogen have shown about 50% reduction in the risk of

CHD. Therefore, it is clear that the hormonal status in females is a potentially important determinant of
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risk, This includes cestrogen/androgen status and also the presence of TR, as diabetic women lose their
gender associated protection from CHD. Insulin and sex hormones influence a large munber of

metabolic pathways including those involved in lipid transport.

A review of the known risk factors in women with CHD reveals that {he samne risk factors are operative
as in men but the importance of glevated plasma TG, low HDL-C and an increased WHR has been
emphasized (Talbott ef af 1995).

It ts presumed that lipid-associated risk in women is due to the combination of : i) central obesity/IR
leading to incieased levels of large VLDL and total LDL and ii) an increased androgen/oestragen ratio

which stimulates HL and redistributes circulating LDL into a small, dense, atherogenic LDL-1T1.

‘The parpose of this study was to investigate whether HL activily was siinifar to normal women or men in
women with oligomenorrhoca. The majority of such cases demonsirate hyperandrogenism. In the study,

IIEL activity was assayed in post-heparin plasma in 11 women with oligomenorrhoea and PCO.

The objectives were to correlate the LDL subfraction distribution and concentrations with anthropometric
indices, plasma lipid and lipoprotein concentrations, the activity of post-heparin HL., the degree of IR and
androgen/oestrogen status in women with PCOD. The data were compared swith published laboratory

normmal figures.

7.2  RESULTS

The patients with PCOD (n = 11} had significantly larger BMIs than those of normal females (n = 67)
and noimal malcs (n = 71), established from previous studics (Tan er o/ 1995) (Table 7-1). The WHR
was significantly higher in patients than in normal female volunteers (P = 0,01) but was similar to that of

male volunteers (P > 0.05), indicaling (he difference in body fat distribution of tliese palients.

Table 7-1 shows that the patients had significanily higher plasma FI and 't'G, and a signiticantly lower

total HDL-C than the normal volunteers (fomales and males).

The mear post-heparin HL activity was twice as high in the patients compared to normal females (22.38
+ 8.85 vs 11.4 & 540 umolFA/mL/M; P < 0.0001), and indeed fell within the male range (19.5 £ 8.1
umolFA/mL/h; P > 0.05) {(Figure 7.1),
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Ounly one patient had an LDL-U1 > 100 mg lipoprotein/dL. plasma (the level above which significan

CHD risk occurs) (Tan et af 1995), and showed the highest TG (9.7 mumol/L) concentrations and the
lowest LDL% (7.3%). However, this patient exhibited the lowest HL activity (16.61 umolFA/inL/h) of

the patient group.

Table 7-1 : Anthropometric indices, Plasma Lipids, HL and Lipoproteins in the study groups

Patients TFemale Controls Male Controls Px Pk
f. 11 67 RO A |
Age 284436 37.0% 11.0 3564112 0.0113 0.0349
BMI 31.18+6.6 24.6£3.9 249% 3.0 < 0,0001 <{0,0001
WHR (.88 +0.08 0.80+ 0.1 0.90:+0.1 0.0101 NS
FI (nIU/L) 12.8247.87 7.65+4.17 8.55+ 4.3 0.0007 .0063
F.Ghucose(mmol/1.) 4751037 4631 0.51 493+ 0.51 NS NS
Cholesterol (mmol/L) 4,51+ 0.69 530+ 1.0 530+1.1 00570 0.0477
TG (mmol'L) 1.56 % 0.78 1.0+ 0.5 1206 0.0066 NS
HDI-C Guinol/L) 115+ 0.22 1.50+0.3 1,20+ 0.3 < 0.005 0.0061
LDL-C {mmol/L) 2.84+ 0.64 320409 3504 1.0 NS 0.0670
VLDL-C {mmol/L) 0.53+ 0.32 0.50% 0.3 0.60 % 0.3 NS NS
Chol/TIDL ratio 411+ 1,23 370412 4604 1.4 N§ NS
HL (wnofFA/ml k) 2238 +£8.85 1140+ 5.4 19.50 + 8.1 <0.0001 NS
LDL {mg/dL) 181.0 % 63.6 304.0 % 97.0 294.0 + 89,0 0.0007 0.0007
LDLA {mg/dL) 40,71+ 31.5 $1.0 £41.0 59.0 % 35.0 <0,0001 NS
LDL-I (np/dL) 947+ 41.47 175.0+ 73.0 17203 57.0 0.0024 0.0016
. AINE (mg/dl) 45.3 + 40.01 44.0 £37.0 83.0+ 81.0 NS N§

The mean 4- SD of the groups were compared using Student’s (-test. (P#) compares patients with nornat females, while (P+#) compares
patients with normal mafes. P2 0.035 is NS.

Figure 7.1 :

HI activity (umol FA/mi/h )

Mean HL activity in patients with PCOD vs

healthy individuals
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Variations in plasma TG levels in the patients correlated positively with LDL-HI (r = 0.80, P = 0.0168)
(Figmires 7.2), VLDL (r = 0.96, P = 0.0001) (Figure 7.3), total cholesteral concentration {r = 0.68, P =
0.0626), and negatively with HDL. (r=-0.72, P = 0.0421).

The LDL-C was positivcly correlated with total serum cholesterol (r=0.92, P =0.0013), T (r=0.73, P=
0.04) and negatively corrclated with HDL-2 (r = -0,74, P = 0.0344). Similar observations have been
reported by Holte ¢ /. ( 1994b). There was no correlation with SHBG.

Omn the other hand, LDL-1 showed significant positive relationships with SHBG (r = 0.79, P = 0.0208),
LDL-mnass (r ~ (.64, P = 0.0848) and toial cholesterol (r = 0.86, P = 0.0056). There was also a negative
relationslap with log; o FIRI (r = - 0.70, P = 0.0515)

Signiftcant corrclations were established between LDL-IT and E; (r = 0.67, P = 0.067), LDL~mass (r =
0.71, P = 0.0498), and cholesterol (r = 0,79, P = 0,0185). The LDL-III was significantly correlated with
VIEDL-C (r=0.87, P =0.0046) (Figure 7.4).

Figure 7.2 :
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Figure 7.3 «
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Total HDL-C levels were negatively correlated with FAI (1 = -0.68, P = 0,064}, and also with totat LDXL-
C{r=-0.65, P =0.0815). These relationships showed borderline significance.
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Post-heparin 1L activity had significant associations with total LDL mass (r = 0,77, P = 0.0256) (Figure
7.5), cholesicrol (r = 0.71, P =0,047), LDL-II (x = 0.91, P = 0.0618) (Figure 7.6), and LDL/HDL ratio (r
={(.74, P =0.0361).

Figure 7.5
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7.3  DISCUSSION

Due to the recruitineni process, the pualicnis with PCOD were younger than the normal volunicers. It
was notable that while the BMI was significantly higher in the patienis than in (he normal volunteers
{fcmales and malc) the WHRSs of the paticnts and the normal malc volunteers werc identical, indicating a
similatity in the central or truncal fat distribution in the patients with PCOD compared with that of

normal males.

In this study, the patients with oligomenorthoca showed a male CHD risk-factor profile : they showed
significantly increased risk factors compared wilh laboratory nomnal control women, These included
incrcascs in BMI, WHR, FI and TG levels and decreased total FIDL. These findings are svpported by the
resnlis of Talbott et of (1995); significantly lower HDL-C was observed in patients who developed CHD
(P < 0.05) (Hargreaves et af 1992), and LDL-C correlated highly with fotal serum cholesterol (Holte er o/
1994b}, indicating that women with PCOD should be monitored for early detection of these risk factors,
It remains 10 be detormined whether the mere existence of oligomenorrhoea may be a marker for

increased risk factors irrespective of PCOs.

The IR has been linked to the raised plasma TG, lower HDL-C and the presence of smatt LDL. Jnsulin
resistance and the presence of central obesity can lead to changes in androgen/oestrogen balance (Tan ef
al 1995). However, in this study, no correlation was demonstrated between FI{ and cholesterol or TG.
Similar observations were reported by Laing ef of. (1993). In addition, I did not correlate with HDL or
LDL subfraction concentrations, failing to identify 1 as a direct risk factor for CHD. Similar observations
have been. reported by others (Hargreaves ef af 1992). This is in contrast to the findings of Laing er «f.
(1993).

However, when log;; FIRI was applied as a measure of IR, a significant negative correlation was found
with the LDL-[. Therefore the more I resistant the paticnt is, the lower the concentration of LDL-Y (the
least densc species of the lipoprotein) is. This finding may suggest that log;q FIRI is a more relevant

marker of IR than FI, with respect to lipid metabolismi.

The LDL-C showed a highly significant relationship with T, while the subfraction LDL-I showed a
significant positive correlation with SHBG. The protective fipoprotein HDL-C was negatively correlated
with FAI, probably through the effect on SHBG. These data suggest that hyperandrogenaemia may be a
stronger determinant of serum lipids in PCOD than IR.
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One of the most important observations reported by Talbott er af. (1995) was that the differences in risk
factors befween. patienis with PCOD and control subjects were generally sivonger al eatlier ages. This
was probably due to an early onset of hormonal changes and obesity and possibly to the distribution of
body fat among patients with PCOD, The risk faciors in the PCOD women are probably elevaied at an
earlicr age than in non~-PCOD women. If the contral obesity, hyperinsulinaemia, and low HDL-C and
high TG levels noted in the PCOD cases ate really a unique profile of risk aciors of atherosclerosis and
subsequent CHD, then women with PCOD should have a higher incidence of atherosclerosis than control
subjecis, especially at younger ages. If the risk of atherosclerosis is primarily related to elevated LDL-C,
then there is an alternative reason for a higher prevalence of atherosclerosis in PCOD patients. The
patients with PCOD present risk~factor characteristics found in younger men and older dbese

postmenopansal women (Talbott ef af 1995).

Hcpatic lipasc plays an important vole in determining the relative concentrations of LDL-II and LDE-HI
in plasma, The HL acts on LDL-II to hydiolyze the TG enriched particles and generate LDL-IT, If the
enzyme activity is low then LIDIL-II remains the major speeics in plasma and is rolatively TG cnriched.
The finding of significantly higher mean Hi. activity in patients with PCOD than in the normal female
vohuntecrs, (P < 0.0001), and activity identical to that of normal male subjects, adds weight to the
increasing body of cvidence that the sex hormone status of PCOD women plays a role in disturbance of

the lipoprotein subfractions,

Hepatic lipase is decreased by oestrogen treatment, which is also thought to play a role in the remaval of
the remnant lipoprotein (Knopp et ol 1994). The lipoprotein effects of sex hormones are of practical
unportance, The lipoprotein effects of progestins and androgens on lipoprotein metabolism oppose those
of oestrogens. Qestrogens raise plasma TG concentrations but lower LDL and raise HDL levels while
progesting and androgens lower TG concentrations, Oestrogen appears (o explain the lower LDL levels
expericnced by women premencpausally, The physiologic ellects of oestrogens and progestins are the
basis of the male/femnale dillfcrence in lpoprotein lovels wnd cardiovascular disease risk.  Reductions in
HDL-cholesterol with androgen or androgenic progestin administration arc woll described.  Reductions
in HDL are associated with incrcascs in HL activity presumably via increased HDL phospholipid
hydrolysis and hepatic uptake. Hyperinsulinaemia and obesity can produce the same lipoprotein. picture,
These effects raises the risk of CHD in the postinenopausal women and they provide an approach 10 its
prevention.  Understanding sex steroid effects on lipoprotein physiology is essential becanse CHD
accounts for 50% of the mortality in women; actually exceeding that in men. While the greater liability

of cardiovascular disease in women compared with men may have a number of explanations, whatever
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the causc, prevention of cardiovascnlar disease it women as well as in inen is now a very high priority

(Knopp ¢! al 1994).

IR, hyperinsulinaemia, hypertension, hypertriglyceridemia, and low plasma HDL-C corcentrations are
closely related variables and tend (o occur in the same persons (Hargreaves ef al 1992). This cluster of
metabolic abnormalities might usefully be referred to as syndrome X. In addition to being closcly related
and present in the same person, the abnormalities associated with resistance to I aclion, namely, glucose
intolerance, hyperinsulinaemia, and a low plasma HDL-C concentration, have been identificd as

increasing the risk of CIID.

In general, consideration of metabolic risk factors for CHD has focused on the rofe of LDL-C. However,
it is becoming increasingly apparent that CHD can occur in the absence of elevated LDL. Insulin
resistance, and the degree to which the endocring pancreas responds to this defect play important roles in
the pathogenesis and clinical course of high blood pressure, dyslipidemia, and CHD (Hargreaves ef a!
1992).

7.4 CONCLUSION

In keeping with other studies, patients with PCOD demaonstraicd higher WHR and fasting plasma TG
concentrations and lower HDL-C concentrations. A significantly higher post-heparin HL activity was
demonstrated in patients with PCOD. This enzyme is stimulaied by androgens, and it is presumed that
the hyperandrogenaemia in this group of women is responsible for stimulating 111 activity into the male
range. These findings add weight to the increasing body of cvidence that the sex hormone status of

wormen plays a major role in the disturbance of Hpoproteins in an atherogenic direction.

Women with PCOD demonstrate male type HL activity. Further studies are needed to establish the

differential rolcs of obesity, IR, and sex hormones.
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CHAPTER EIGHT : GENERAL CONCLUSIONS,
RECOMMENDATIONS & PROFPOSALS TFOR FUTURE
WORK

8.1 INTRODUCTION

The studies described in this thesis were performed to attempt to address the objcetives described in
Chapter One (Section 1.4). The section below sunumarises the conclusions which can be drawn from

these studies with regard to the various headings.

8.2  DIAGNOSIS OF PCOD

During the literature survey performed as a prefude to canrying out the research described in this study it
was obvious that the discase reported in the literature as PCO, PCOD and PCOS was not a homogeneous
entity but consisted of a hetevogencous mixtuie of rclated conditions. Polycystic ovatian discase is a
cominon cause of female infertility in women with menstrual dysfanction. In onc scries (Franks ef of
1988) PCO was diagnosed in 87% of women with oligomenorthoca and in 26% of those who complaincd
of amcnorrhoca.  Very {ow of (he patients reporled fulfilled the original criteria described by S-L.
Furthernore in more recend tines (he diagnosis of PCOD has become mwote complicated with the advent
of gvarian US scanning. Whilst US has been shown to be of extrenwe value in assessing the structure and
function of ovaries its use as the sole criterionr for diagnosing PCOD is obvivusly suspect parlicularly in
light of the published data (Adams ef af 1986b) trat up to 22% of normally cycling womeon show PCOs
on US examination. It was therefore decided that as part of the investigations performed in this study the
nsefulness of the various criteria used in PCOD diagnosis would be addressed and an attempt made to

decide what would constitute the ideal diagnosis.

All patienls recruited had menstrual disturbance (oligo/amenorthoca with or without DUB) and

infortility. About half of (he patienls wese hyperandrogenized.



Women with oligo/amcnorrhoea and PCOD showed significantly higher serum basal concentrations of
LH, LH:FSH ratio, T and FAI and lower SHBG than did the control group whilst basai E . FSII, DITEA-

S and PRL conceirations were similar in the study patients and the controls.

The mean follicular phase endocrine profile in patients who ovulated showed significantly higher L,

LHTFSH ratto and FAT, and a significantly lower FSH than llie conlrols while E, concentrations were
similar. Tn comparison to patients who failed to ovulate, higher E,, and lower SHBG and FAI were

found in patients who ovelated. Luteinizing hormone and FSH were similar,

In evaluating the sensitivity and the specificity of the biochenical diagnosis of PCOD : high LH lcvels,
raised LH:FSH ratio or elevated TT concentration were not diagnostic of the disorder because luss than
half of the study patients satisfied any of these biochernical criteria. However, I'AT of > 4,5 was (e most
scusilive endocrine index. The accuracy of the diagnosts was increased when tmote than one crilerion
was applied. Only one quarter of the whole group of paticuls satisficd all of the classical biochemical
diagnoslic criteria. It is important to remember that these differences may be due to a number of factors :
the wide variation in the presentation of patients and their selection criteria; the number and timing of
blaod sampling in relation to the patient’s last menstrual period; hormonal assay methodology as well as

the period of observation,

There is a tendency to consider oligo/amencrrhoea and PCOD as static conditions, and diagnosis with a
gingle blood sample for hormone assay and/or US assessment is a common practice. However, it is
cvident fiom the fongitudinal observations that more biological variability exists than strict criteria would
allow and a cut-off level for any of the quantitative parameters which would have provided both

satisfaclory sensitivity and specificity was not available.

The PI was a better predictor of lulcal phase function thac a single nid-luteal phase serom P

concentration - showing deficient lutcal phascs in many.

The mean TOV ol the study patients was siguilicantly larger than (he TOV of controls (using published
dat). No relationship was found between any of the US indices and endocrine, nietabolic or

anthropometric variables.

Asymmetry of ovaries was a common finding and about haif of the patients at least doubled their ovarian
volume, even in the absence of ovulation. The dynamic state of the ovarian structure was demonstrable
by changes in TOV and the number and distribution of follicles during the period of observation.

Interestingly, a change from a peripheral to a central distribution of ovarian follicles or the Teverse, was
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observed in > G0% of ovaries. Larger TOV favoured a greater number of follicles with a tendency
towards peripheral distribution as well as the presence of bilaterally thickened stroma compared to the

smaller ovaries.

Assessment of ovarian morphology by means of US is currently emploved as a substitute for histologicat
examination in the diagnosis of PCOs. However, because of the heterogeneity of the PCOD, US alone
cannot be used alone for diagnosis. Repeated assessmient will give more information than a single scan.
A unilaterat PCO was diagnosed in 20% of paticats. There was no indication that unilalcral PCO,
diagnoscd by US scan, was less severe than bilateral PCOs, However, it would be interesting to follow

these patients with unilateral PCQ for any progression of the disease.

Thick stroma, the most sensitive single US criterion, was found in al least one ovary in 95.2% of the
patients. Enlarged ovarian volume, the least sensitive US parameter, was observed in 55% of patients.
Increcascd Follicle number ¢~ 10) was found in 85.7% of paticnts. However, combination of more than
one US criterion increased the diagnostic accuracy. The most sensitive and specific US scan criteria for
the diagnosis of PCOD, shown in this study, was the combination of thick stroma and the number of

follicles.

Transvaginal US enables reliable diagnosis of PCOs and characterization of limits for normal numbers
and sizes of follicles will allow more accurate dillerentiation between normal and abnorimal ovarian
Tunction. Results may also serve as  reference for US monttoring of ovulalion induction by cxogenous
Gn in PCOD patients.

Since the discase represents a wide spectrum of prosentation, ovardan enlargement and foflicle formation
may vary according to the duration and degree of hormonal disturbance (Fann er of 1984). Differences
in methods applicd (equipaiont used for US cxamination, assays applicd for hormone measurcments,
accuracy in measuring ovarian diametors, sampling rogimens, ctc.), and in the criteria for selection of

subjocts with PCO might account for much of the conflicting data in the literature.

L can be concluded from the data collecied in this study, that the combination of at least two endocrine
(including SHBG) and twao US (including thick sttoma} indices, assessed rcpeatedly, is the most sensitive

criteria for the diagnosis of PCOD.
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8.3 ASSESSMENT OF IR - COMPARISON OF SITT WITH FI, FIRI &
GLU/INS RATIO

Despite the potential advantages of and the reproducibility of the SITT in measuring IR which have been
reported in the literatuce, this study showed that the SITT was unreliable in oligo/amenorrhoeic patieits
because the KITT-valuos were similar in paticuts anct (heir weight-matched control group, and more
inwportantly; the tost failed to show any correlation with anthropometric variables. In addition, the
corrclation within patients between the 2 SITTS, expressed as KITT-valuc, was poor and disappointing in

comiparison to I'I and log, FIRI.

Other 1ethods for assessment of IR were also assessed. The FI, FIRI and GLU/INS ratio, were more
convenicnt, casy to measure and showed the expected relationships with the andiropometric variables -
comparable with the standard method of IR measurenent (cuglycacmic clamp). For the purposes of

assessing IR in this study the simplest and most reliablc assessinent was the FI,

8.4  EFFECTS OF OBESITY & HYPERANDROGENAEMIA ON I LEVELS

Obesity was a common feature in the study patients (40.5%). This may indicate that obesity is common
in patients with menstrual disturbance and PCOD and that the prevalence of PCOD in obese women can
be expected 1o be high, given that PCQ is common in the general female population (Polson et af 1988).
The combination of PCOD and obesity may have an additive adverse effect on glucose tolerance. The
prevalence of impaired glucose tolerance or frank diabetes in obese women with PCOD has been shown
to be significant (20%) in other studies (Franks, 1989). The presence of hyperinsulinaemia may be
important as well, since long-term follow-up of patients with PCOD indicates that they are at increased

risk of developing DM and CHD. Therefore, measurement of GTT in such patients is important.

The cause and effect relationship between I and androgens is controversial. None of thie methods used to
estimate IR showed a significant relationship with androgen concentrations in this stady. The
cortelation between IR and FAT in the oligo/amenorrhoeic group appeared to be secondary to the inverse
correlation of SHBG to serum I. These powerful relationships between SHBG and FI and log,, FIRI

were demonstrable in both patient and control groups.

Supraphysiological hyperinsulinaemia fellowing I administration {(during the SITTs), resulted in a

significant decline in B, and T concentrations at 30- and 60 minutes, demonstrating a possible cficct of
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acute I administration on ovarian sterotd secretion. This suppression of ovarian androgens avgues

against a simple, direct relationship belween hyperandrogenaemia and hyperinsulinaemia.

Research on the mechanisms of anovulation in PCOD, the role of obesily and the clinical significance of

the relationship between IR and byperandrogenaemia are on-going.

835 EFFECTS OF ANTHROPOMETRIC PARAMETERS ON ENDOCRINE &
METABOLIC VARIABLES

Sex hormone binding globulin showed the muost significant and consistent relationships with the
anthropomettic parameters in patients and controls, compared with the other endocrine variables,
Fasting glacose and FI wore not signilicantly different betweent the patients and the controls. Howcver;
IR increased in parallel with increasing BMI in both groups. Thus the imporiance of weighi-matched

cantrols in any study of PCOD and/or disturbed ovatian activity must be emphasized.

8.6 THE GH STATUS OF PCOD PATIENTS VS NORMAL

Growth hormone concenirations were similar and normal in patient and control groups despite
significant differences in IGF-1 levels. Reswlis could be affecied by timing of blood sampling and/or

limitations of the assay sensitivity. There was no relationship between GH and FI,

87  OVARIAN ACTIVITY - EFFECTS OF LH, SHBG, IR, GH & IGF-I :
OVULATION VS ANOVULATION

Follicular growth and spontancous ovulation occuured in 47% of patients with oligo/amenosrhoea during
the observation period. Luteinizing hormone, androgens and [ levels had no direct influence on the

oceurrence of spontancous avulation.

The levels of SHBG showed the least variation within and between patients and was the most consistent

of all of the endocrine variables, Tn addition, the mean basal as well as mean follicular phase SHBG



concenirations showed the most significant relationships with the anthropometric variables, and the
occurtence of spontaneous foflicular growth and ovulation when compared to the other reproductive

hormones. Therefore, SIMBG was a better predictor of ovarian function thn LH and/or T,

Waisi : hip ratio rather than BMI, influenced the occurrence of spontaneous follicular growth and

ovuiation.

[nsulin and IR did not demonstrate any dircect cffect on the occurrence of spontaneous ovulation or on the
ovarian gross morphoiogy as monitored by the US scan. Thore was a tendency towards an increase in Fi
and FIRI with incrcased degree of disturbance of ovariun function but the differences were not
significant. he observed cycles might not represent the entire menstrual history of the patients. It may
be expected that if IR plays a major role in the pathogenesis of PCOD, it should also corrclate with
ovulation and polycystic changes in the ovaries. Insulin may influence ovarian activity indirectly
through its relationships with IGF-I and leptin. "These interactions need further exploration,

Significantly lower mean basal IGF-I concentrations were found in patients with oligofamenorriioea than
in the control group, despite similar mean GH concentrations. Furthermore, similar mean IGF-I
concentrations were found in patients who failed to ovulate as in patients who had spontaneouns ovnlation
and in controls. The concentrations of FGF-I were aiso significantly lower in the group of patients who
ovulated than in the controf group. Insulin-like growth factor-I may influence the adequacy of Iuteal

functior rather than the ocourrence of ovulation,

Insulin and/or IGF-I appear to play a physiofogical role in the regulaiion of gonadal steroidogenesis.
Insufin is thought to regulate the circulating SHBG concentration (Franks, 1989) by acting directly on
the hepatic synthesis of SHBG (Buyalos ef a/ 1993; Rajkhowa et of 1994). Hyperandrogenized patients
with high FAL showed significant hyperinsulinaemia, higher FIRI values and less oocurrence of
spontancous ovulation than patients with normal FAI. Insulin can act through the IGF-I recepiors

especially when the IGF-I levels are Tow.

1t is apparent from the findings of this study that anovulation in patients with PCOD was not caused by
high LH, high androgens or low FSH concentrations. Therefore, a new hypothesis (0 explain

anovulation in such patients is proposed.

The finding of significantly low circulating IGF-I concentrations inay be a clue. An IGF-I threshold at
the level of the ovary may be critical for the occutrence of ovulation, especially since low IGF-I levels

Trave been reported in follicular fluid of patients with PCOD than in normal women. Low circulating
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IGF-T concentrations may indicate dysfunctionally low ICGF-1 concentrations at the ovarian level. [t ts
known 1hat 1 can act throngh the IGF-I receptor and the presence of low IGF-I conceniraiions favonrs

this action especially in the group of patients with high L.

Significantly low SHBG concentrations were found in PCOD paticnts and I exaggerates this effect by a
direct action on SHBG synthesis in the hver. This results in high circulating levels of free androgens
{high FAT).

Although a direct relationship between I and androgens could not be established in this study, it cun stll
be postulated that an interaction botween [ and fice androgens will result in anovulation which is
exacerbated by the presence of ow IGF-I and low SHBG concentrations and in turn result in increased I

activity and hyperandrogenaemia,

The observation in these studies in preliminary data that 1GF-! levels were significantly lower in the
patient group are estremely interesting but need to be contirmed when all of the resudts are available.
This finding may be of extreme importance since it is well established that by some, as yet unclear,
mechanism IGF-I effects ovarian function. Previous reports have described contradictory results with
LG levels the same as those in controls (Kazer ¢f af 1990; Sham er of 1991; Stowinska-Stzednika ef ol
1992; Holtc ef al 1994a) or greater than those in controls (Laatikainen ef af 1990). It is possible that the
differences in 1GF-I levels could be a function of ditferent assay methodology being used in the different
studies.

If the findings of low IGF-I concentrations in the PCOD patients is confirmed this may be an important
clue with respect to these patients © ovarian dysfunction .

8.8 LIPID METABOLISM IN PCOD - EFFECTS OF ANTHROPOMETRIC,
ENDOCRINE AND METABOLIC VARIABLES

The mean values and ranges of plasma leptin concentrations were similar in paticnts and controls and
were sfrongly rclafed to BMI, WHR and waist in both groups. However, in the abscnce of obesity, leptin
concentrations were bigher in lcan patients than lean controls. Although the rate of leptin production is
directly related to obesily, other factors may regulate its production - such as a cliconic state of IR. A
highly significant rclationship was found between mean scrum leptin concentrations and indices of TR.

No relationship was abserved belween leptin concentrations and any of the endocrine variables or TOV.
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Lepiin concentrations wete not significantly different in patients who failed to ovulate, compared with
those who did. It is unlikely that the accurrence of spontancous ovulation in patients with

oligo/amenorrhoea is directly influenced by leptin levels.

Patients with PCOD demonstrated higher WHR and fasting plasma TG concentrations and lower HDEL-C
concentrations, Significantly higher post-heparin HL. activity was demonstrated in patients with PCOD
than in normal female volunteers. Women with PCOD demonstrated male type HL activity, Hcpatic
lipase is stimulated by androgens, and it is presumed that the hyperandrogenaemia in this group of
wonten was responsible for stimulating HE activity into the male range. These findings add weight o
the increasing body of evidence that the sex hormone status of women plays a major role in (he

disturbance of lipoproteins in an atherogenic dircction.

8.9 FUTURE WORK

The importance of weight-matched controls in any study of PCOD and/or disturbed ovarian activity must

be emphasized.

Total body IS can be asscssed by different techniques, although simpler methods should be implemented
tf possible for routine clinical practice. The resulis presented in this thesis suggest that FI alone might be

as goad as any technique.

Further research on the mechanisms of anovulation in PCOD needs to he performed in order to cstablish
the differential roles of obesity, IR, hyperandrogenaemia, IGF-T and leptin on the reproductive system.
Particularly the roles of the significant differences in IGF-I and SHBG necd further investigation to

cslablish any functional effecis.

Becausc of the heterogeneity of the PCOD and the dynawmic state of the ovary, repeated endocrine and US

assessments are recommended in any future studics.

The US [ealurcs conld be clinically usefnl to distingnish between responders and non-rcsponders to the

trecatment of ovulation induction.

IL will be of interest to follow-up the patients with unilateral PCO to observe any progression of the

disease.
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APPENDICES

APPENDIX I : PATIENT INFERTILITY SHEET

Date ol Consultation :

Patieni’s Name :

Date of Birth : Contact Phone Number (Home) ;
(Work) :
Referred by : Qccupation :
Husband’s Name :
Datc of Birth : Occupation :
G.P.
Years since marriage : Parity :
Period of Infertility :
Frequency of Intercourse Dysparcunia (Y/N) ; Type:
Other Sexval Dysfunction (Y/N) .
- Impotence - Premature Ejaculation - Vaginal Sorencss - Others
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Previous Marriage(s) / Relationship(s) :

Husband : QOutcome ;

Wile : QOufcome :

Gvnaecological History :

Age at Menarche : LMP : Cycle (K) -

Regular / Irregular :

Description of Irregularity -

Duration of Irregularity

Rlood T.oss : DUR: Dysmenotrhoca (Y/N):  Type: Duration :
IMB (Y/N} . PCB (Y/N) : Vaginal Discliarge (Y/N) :

Change in Weight :

Excessive Hair Growth (Y/N):  Duration : Location : Frequency of Removat :
Acne (Y/N) . Greasy Skin : Change of Voice Breast Discharge :
Current or Previous illness :

Wite Husband

Operxation :

Wife
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Ilistory of Medications / Dmgs (inchiding smoking and alcehol ) :

Wife

Family History :

General Examination :

Height : Weight :
Puise : Blood Pressure
Thyroid : Breast Exanxination :

Chest Exumination ;

Abdvminal Examination :

Pelvic Examination :

Hair Distribution (Normal / Abnormal) :

Husband

Appearance :

BMI ; WHR :

-Tanner’s Stage (1 - V)
-~ Galactorriioea :

-Lumps :

Heart Examination :

Description of Hair Distribution :
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APPENDIX II : PATIENT INFORMATION SHEETS

AN EXPLANATION & INSTRUCTIONS FOR PATIENTS
UNDERGOING POLYCYSTIC OVARY
STUDY

INTRODUCTION

In womcn with acrmat ovarian function, an egg is released from the ovary each month; it either meets a
sperm and fertilization takes place resulting in & pregnancy, or bleeding will ocour (the peried). A

prolonged menstraal cycle of more than 41 days, called © Oligomenorrhoea ™.

“Oligomenorshoca ” can be caused by many endocrine disorders™ which miglt prevent the ovaries from
producing an cgg cvery month; this will result in delaying the period and reducing the chances of

pregnancy as well.

“ Oligo/amenorihoea ™ study will involve studying the hormone changes involved in the irregularity of

your cyeles and this shoukd help in design of best treatment as well.

The blood tests and the scans, whicl will be carried out as explained below, arc named “ Oligo screen ”.

INSTRUCTIONS FOR PATIENTS

To conunence an “ Olige screen ™, please contact the nursing siaff at the Assisted Conceplion Scrvices

“ACS * Unit within the Grst 2 weeks of your period starling, with a not¢ of first day of its start,

Make sure that yon are not on any teeatment that stimulates (he ovaries, or hormoral contraceptive for a
period of at least 2 months before you start the investigations, A date will be given to you then to stast
your investigations, which may be between duy 15 and 20 after a period, or as convenient if your period

was too long ago.

Tevestigation of your hormone levels involves having approximately 10 L blood sample laken twice

every week for a maximum of 5 weeks. The hormones will be monitorcd and if ovarian activity is
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detected vou will need to give a blood sample cvery day for a maximum of 2 weeks or (ill your next

menstimal period whichever occurs first.

On the day of your [trst blood samples, you should come fasting overnight, and be at the ACS Unit at
8:30 am. Your weight will be recorded and 10 mLs of blood sample will be talen for basal levels of your
hormones, then a specific test called Short Tusulin Tolerance Test,“SITT”, will be carried out. This is

explained simply as follows :

[After a 12-h overnight fast, the first group of blood samples will be collected from you after 5 and 13
minute of the start, This is followed by a single insulin injection inlo a vein in vour arin and a cannula
will be kept in your vein order to collect blood samples during the test easily. The second group of blood
samples will be collected 5,10,15,20,30 and GO minutes after the injection. At 15-20 minutes [ollowing
the insulin injection, yon will be given a sweaty drink,(a cup of tea or coffes with sugar for example).
Although it rarely happens, you might feel dizzy and sweaty because of the drop in your blood sugar
level. This can be easily treated, if necessary, with a drip of glucoese connected to your vein through the

same caniula previously mentioned ].

The first ultrasound scan (us scan) will be performed during the day of your first blood tests, further

scans will be assigned as needed.

If the analysis from the laboratory indicates that ovulation may occur, you will be asked to change to

daily bloud tests for a maximum of two weeks 10 assess the quality of the ovulation,

A repeat of the "SITT" test will be carried out once more during week 5 afier the siart of sampling, or 7-
10 days afier ovulation.

1. Blood Samples

'These may be taken either at the hospital or at your G.P.'s Surgery.

Hospitfal : blood samples are taken at the "ACS" Unit. Times for blood tests are between 9:00am and

9:30am every day, inclnding Saturday and Sunday.

G.P. : If your G.P. is willing 1o take blood samples for you, bottles, labels, envelopes and containers will

be supplied by the hospiial. Please label the botiles clearly with your Name and Date of sampling and
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ensurc their delivery or postage (First Class) to the University Laboratory in the Roval Infirmary
Tlospital. 1¢ mEs of blood are required for each sample. You can keep the bottles in the fridge tiff time of

postage.

N.B. The "SITT" test will be done at the hospital and whilc your are fasted.

2. Ultrasound Seans

Scans are necessary fo assess ovarian function: they can detect growing follicles and/or polyeystic
ovaries. These scans are carried out in the ultrasound room, at the ACS Unit. Vaginal scanning is the
method used which does NOT require a full bladder, It is similar to an "internal examination”. This is
not painful and it gives more accurate information about ovarian activity than other methods. You will
need a number of scans during the "Oligo screen” and will be informed aficr scanning of the date of your

next scan.

3. Results :

A clinic appointment will be made after the last blaod sample where the resulis will be discussed and
reatment will be assigned for you. Please make sure that you have this appointment on completion of

yout "Oligo screen” scan.
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EXPLANATION & INSTRUCTIONS FOR PATIENTS UNDERGOING
THE STUDY OF THE REGULATION OF BLOOD
FAT LEVELS BY HORMONES

I understand that a tcam of researchers at the GRI ave investigating the key hormonal factors which

control blood fat levels in women.
The studics involve the following :
Taking an initial 5 mL blood samplc for a full blood count,

Fitling in a gunestionnaire which will allow the doctor to assess your suitabikity to reccive heparin. The
reason for asking vou these questions is that heparin is used to thin the blood and in raye circumstances
can causc you to bleed. This is much miore likely, however, if individuals have had certain medicat

problems in the past.
Taking « 40 mL fasted blood sample.

On the same occasion as (3) above, the administration of heparin followed by 2 10 mL blood sample,

after you have been assessed by a doctor as o your snitability for receiving heparin.

Giving a blood sample may be associated with minor disvormfont,

I understand that my involvement in this study is cntirely voluntary and that I may withdraw at any time.



APPENDIX 111 : CONSENT FORMS

Consent Form (1) :

Fiill NAMIE OF PalIEIit © ooovevieiioiiiciiiesitiiiene e ieeteerascoruetatesessteeesiaaseaasasansesabeansssbasessssnens

AAIESS OF PaICIN © ooeiiiiiet i e e ee e et a1 e e e e e e ae st ot srrare sy sestasesnnascaeeebdnntaarnenn

I conseni to participate in the * Study of Olipofamenorrhoea ™ and agree 1o take the tests involved in the
study including the * Short Insulin Tolerance Test - SITT ™. The proceduse has been explained to me in
detail by the staff and an information sheet given hy :

and { am aware that I am free to withdraw from the study without prejudice to my futurc treatmendt.

Patient’s Signature Date
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Consent Form (2) :

L ONADIE) T i et e e e U TR ORISR OROPRETON

OF (ACAIESS) | oo et e e bbb e e e aab e e e e b s b fob bbb AL b b S e

....................................................................................................................

....................................................................................................................

agree to take part in the Study of “ Regulation of blood fat by hormonss ” described in * Patient’s

Summary ”.

D, b et has explained to me what 1 have to do, how it might

affect me and the purpose of the Research Project / Study Programme,

Patient’s Signaturce Date

..................................................................................

Docior’s Signature Datc
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Heparin Administration Medical Questionnaire :

Patiemi’s INATIE | oooieiiiieriieemis e it et ee s e e e avamstete s e sbias e eaennebeseesesbranaens

Date OF Il Lo e si e e asreaseen sanseaaeeseesherae b s e e e s

Dear Patient ;

Thank you for paricipating in our stady. You will be given an injection of heparin to enable us to
measure the activity of key factors involved in fat metabolisin. Tn oxder for us 10 be certain that it is safe
to give you the heparin, would you please answer thte questions and sign the sheet when you have

finished. If you have any further questions or something is unclear, please ask.

1. Are you quite fii at the moment ? YES /NO
2. Are you receiving any medical treatment ? YES/NO
3. U'so, please speCify | o

4. Have you lakon aspitin recently 7 YES /NO
5. As far as you know, arc you sensitive to heparin ? YES/NO
6. Do you have haemophilia or any other diagnosed blecding discase ? YES /NO
7. Have you ever suffered from a stroke ? YES/NO
8. Have you had rheamatic fever 7 YES /NG
9. Have you had a receni surgery 7 YES/NO

10. Have you had a recent head injury or trauma requiring hospital admission 7 YES / NO

Height © ..o Weight ... Blood Pressare @o...vecovennns
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APPENDIX

METHODS

IV : THE BETWEEN-

AND WITHIN-ASSAY
COEFFICIENTS OF VARIATION OF THE ENDOCRINE

Hormones Between-assay Within-assay
C.V.(%) C.V. (%)

E, (pg/ml ) 4.8 25

LB (iU/L) 6.4 5.3

FSH ( TU/L) 59 1.7

T { nmol/L) 7.9 1.4
SHBG ( nmol/L ) 3.5 3.2

P ( ng/mL ) 5.6 3.8

A (ol ) 6.9 3.4
17e-QHP ( ninol/L, ) 9.6 3.1
 DHEA-S (umol/L.) 80 ST
PRL ( mU/L ) 5.7 8.9

T4 ( nol/L ) 6.3 1.3

T3 ( nmol/L ) 6.4 3.8

FT4 83 6.2

FI (mIt/L) 5.4 3.5
Glucose (mmol/L) 3.4 2.2
C-peptide (ng/ml.) 7.9 3.6

GH (ng/ml) 65 | 3.7
IGF-I { nmol/L )} 10.5 4.0
Cortisol (ug/dL) 8.3 4.9
Leptin {ng/mL) <10 0.7
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APPENDIX V : US SCAN DATA

The Mean and Coefficicuts of Variation of TOV in Patients

Patients Meun TOV Within-Paticnt
(ecm’) C.V. (%)

Paticnt 1 7 1.8
Patient 2 312 5.1
Patient 3 21.6 5.7
Patiemt 4 249 | %0
Patlent 35 26.7 33
Paticat ) 19.3 1.7
Patient 7 10,7 1.9
Patient 8 19.2 7.3
Patient 9 40.5 4.7
Patient 10 201 7.4
Patieni 11 11.6 9.0
Patient 12 20.2 0.2
Patient 13 16.7 7.3
Palienl 14 26.9 6.5
Pafienl 13 18.0 4.0
Patient 16 | 113 6.3
Patient 17 27.7 1.2
Patient 18 9.7 7.5
Patient 19 14.5 1.9
Patienc 20 15.8 8.7
Patient 21 18.7 2.4
Patient. 22 17.6 5.9
.. Patient 23 6.5 3.8
© patient 24 13.8 4.0
Patieat 25 15.7 a0
Patient 26 18.2 1.1
Tatisnt 27 19.2 4.3
Patient 28§ 11.2 10.1
Potient 29 17.2 3.5
Patient 30 16.3 9.1
Paticat 31 8.1 2.5
Patient 32 10.4 L.a2
Patient 33 29 e
Paticat 34 V7.7 6.5
Patient 35 23.5 23
Patieit 36 353 3.0
Patient 37 14.1 10.4
Patient 3% 24.5 6.8
Patient 39 195 4.1
Patient 40 10.6 4.5
Patient 41 15.1 5.5
Paticat 42 8.5 43
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APPENDIX 1V : US SCAN DATA

TRANSVAGINAL US IMAGES OF THE OVARY

Figure (1) : A picture of an ovary in one of the study patient with oligo/amenorrhoea,
showing a *“ PCO " picture with a large number of follicles centrally
distributed with minimal, thick stroma left behind.

$6YN DEPT GRI

Figure (2) : Another oligo/amenorrhoeic patient with an enlarged “ PCO ” picture,
where the small follicles are multiple and distributed peripherally.




Figure (3a - 3d) : 1

itrasound images of an oy ary from an oligo/amenorrhoeic patient demonstrating the
different stages of follicular growth in a spontancous ovulatory cycle, (3a) a small
follicle of 6.8 x 6.6mm. (3b) a pre-ovulatory follicle of 11x 13mm. (3¢)
follicle of 17

a mature
20mm, and (3d) a corpus luteum of 22 x 19mm
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ULTRASOUND SCAN DATA SHEET :

ULTRASOUND DATA

NAME ..ottt e e eee e

DOB: — . Ht (Ms)............. W (Kgs): v,
PARITY: ... Date of last delivery: ......
Ovarian Surgery: ...
Hngwu ‘.G..I\."'...\......

NOTE
RIGHT LEFT
DATE FD<10aun { DIST | FD>10mm | YOLUME | STROMA FD<1fmm | DIST | FD>10mm | VOLUME | STROMA
(N) PIC (N) N/ Tihick) (N) p/IC (N) N / T{hick)

MP AT END OF CYCLE:

.........

...............




APPENDIX VI : METHOD OF CALCULATION OF THE KITT-
VALUES IN THE “ SI1T'1"”

PROGRAM FOR KITT VALUATION

**ysing data in hudasitl (0 calculate KITT from glacose decay

USE HUDASITT

set filt to KITT = 0 .AND.G3>0.AND.G5>0 .AND. G7>0 .AND. G9>0 []
AND, G11>0 .AND. G13>0 .AND. G15>0

GO TOP

DO WHILE NOT. EQF()

SX=063

SY=LOG(G3)+LOG(GSHLOG(GTHLOG(GH+LOG(G1 N+LOG(G13)+LOG(G15)
SXY=(LOG(G3)*3)HLOG(G5)* S)HLOG(GT*7)+ LOGG)*9)+ O
(LOG(GL1)*11)+ (LOG(GI3)*13)+ (LOG(G15)%15)

SSXY=SXY-(SX*SY)/7)

SX8= 679

SKX=679-((SX*SX)T)
MKITT=(SSXY/SXX)*-100
REPL KITT WITH MKITT

REPL THALF WITH 69.3/MKITT
SKIP

LOOP

enddo
set filt to KITT30 = 0 .AND.G3>0.AND.G3>0 AND. G7>0 . AND., G0 [

AND, G11>0 .AND. G13>0 .AND. G153>0 . AND, G200 .AND, G25>0 .AND. G30>0
GO TAOP
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DO WHILE NOT. EOK()
SX=13R

SY=LOG(G3HLOG(GSIHLOG(GTI+LOGIGHLOG(GL HLOG(G13)+HLOG(G 15+ OG(G20)+LOG(
G25)+LOG(G30)

SXY=(LOG(G3)*3)HLOGGSY*5)HLOGGTY* T ALOGG* N+ (LOG(G113#11) + (LOG(GI3Y*13)+
(LOG(GL5)*15)+ (LOG(G20)*20)+ (LOG(G25)*25) + (LOG(G30)¥30)

SSXY=SXY-((SX*SY)10)

SXS= 2597

SXX=2597-((SX*SX)/10)

MKITT=(SSXY/SXXy*-100

REPL KITT30 WITH MKITT

REPL THALF30 WITE 69.3/MKITT

SKIP

LOOP

ENDDO

USE

CANCEL




APPENDIX VII : ABSTRACTS SENT FOR PUBLICATION

ABSTRACT - 1 : Variations in Parameters of Ovarian Function and Insulin
Tolerance in Infertile Women with Oligo/amenerrheoa

Al-Naser, H,, Fleming, R., Yates, R. W, §, Coutfs, J. R. T.

University Department of Obstetrics & Gynaecology,

Roval Infirmary, Glasgow, UK

In¢reduction : Infertifc women (n = 23) wilh olige/amenorchoea (K > 41 days) are frequently observed to
have polycystic ovarics (PCO) and demonstirate evidence of hyperandrogenism and elevated serum LH
concentrations, and also insulin resistance, They may also ovulate spontaneously. The aim of this study
was usc tie the short insulin tolerance test (SITT) to estimate the insulin vesistance in such patients, to
delonming its within-patient variability, and to explore its relationship with othier parameters in those
paticnts showing evidence of follicular maturation and ovolation, compared with those with no follicular

developineid.

Methods : Blood sampling was initiated > 14 days after a mensirual period at a frequency of 2 samples
per week for 5 weeks. When the plasma ocstradiol (E,) indicated that follicular growth was established
daily samples were taken to estimate follicular maturation and the huteal phase progesterone profile. The
initial STTT was cffected at the stast of the blood sampling and a second was effected either at the end of

sampling or in the luteal phase of those who ovulated.

Results : Forty five SITT tests were effected in 23 patients. The initial resudts indicate that there was
considerable variation in the KTTT, both within and between patients. The XKITT-value was unrelated to
the circulating E. concentration or the ovartan volume, which also showed high intra-patient variability.
The KITT was also unrelated to the body mass index. Eight of the 23 patients showed evidence of
foflicular maturation and ovulation during the period of observation. The KITT was no different in those
who ovulated compared with those who did not. Patients demonstrating supranormal LH at the SITT (n
= 12) showed higher circulating testosterone and lower E; concentrations, and also higher KI'I'[-values

than those with normal LH.
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Discussion : The data indicatc that the SITT yielded reliable within paticnl results, However, there was
no association of the SITT data with any of the physiological or endocrine measurements studied. This

implies that IR is only looscly associated with specific parameters of PCOD,

The absiract was published in.Journaf of Endocrinology (1995), 144 (3), Suppl,, P339
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ABSTRACT - 2 : Female Hyperandrogenism Stimulates Hepatic Lipase Activity

into the Male range
Sattar, N., Al-Naser, H., Lindsay, G., Fleming, R, Couits, J. R, T., Wallace, A. M., Packhard, C, d,
Departments of Clinical Biochemistry and Obstetrics & Gynaccology,

Glasgow Royal Infirmary University NHS Trust, Glasgow, UK

Abstract : Recent epidemiological studies have highlighted the importance of low density lipoprotein
(LDL) sublype as a risk marker for coronary heart disease. LDL which is smatl and densc is associated
with high risk, independent of total LDL concentration. In a previous popuiation study we demonstrated
that in women, the development of a high concentration of small, dense LDL is dependent upon both
plasma triglyceride and hepatic Hpase levels, This enzyme is regulated strongly by sex hormones fevels.
On the basis of these tindings we formulated the hypothesis that lipoprotein associsted risk in women is
due in part fo an aktered androgen/oestrogen balance which stimulated hepatic lipase and in so doing
promotes the redistribution of circulating LDL into small, dense, atherogenic LDL.

Methods : To est the relationship between sex hormone status and hepatic Hipase activily we measured
the activity of (his enzyme in eight women with oligomenorthoea and polycystic ovaries (demonstrated
by ultrasound). The majority of such cases demonstrate hyperandrogenism.

Results : The mean hepalic lipase activity for this group of women was significantly greater than the
mean activity for normal females (n = 67), established from previous studics (20.55(4.74) vs 11.30(5.68)
UM/FFA/mL/hr, P = 0.0007), and indeed fell inte the male range.

Discussion : This finding adds weight to the increasing body of evidence that sex hormone status of

woinen plays a major role in perturbing lipoprotein in an athcrogenic direction,

The abstract was published in Scottish AMedical Jaurnal (1995), 44, p.p. 126.
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ABSTRACT - 3 : Oligo/Amenorrheea - Relationship between Leptin and

Spontancous Ovulation
Al-Naser A)-Zekri, H, M, I, Fleming, R,, Yates, R. W, S,, Couits, J. R. T.
University Departinent of Obstetrics & Gynaccology,

Royal Infirmary, Glasgow, UK.

Eniroduciion : It is known that the main cause of inferiility in women with oligofamenorthoca is
anovulation, The key featue of anovulation in such paiicnts is failure of normal follicular maturation,
and obesity is commonly associated with this condition, Leptin, a recently discovered hormonal product
of the obesity gene, is cxpressexd by adipocytes and thought fo play a role in the regulation of food intake
and metabolism. Theic is a strong positive correlation between seram leptin concentration and body fat.
Leptin receplors are widely distributed in the body, however, it is not known yet where the site(s) of
leptin action are locaied; cven in the hypothalamic-pituitary-gonadal axis. In mice, loptin receplors were
identified in the ovary and leptin administration was found w stimmvlalic ponadal function, causing
significant increases in LH, sex steroid production and increased ovarian and uterine weights, indicating
greater amounts of follicular developmeni which were confinmed histologically. Little is known about
the physiologic action of lcptin in Inumans.  The aiin of this sindy was to detcrmine a relationship
between circulating lIcplin  concentrations and the occurtence of spontancous ovulation in

otigo/amenorihoeic human females.

Methods :  Forty one infertile women with oliga/amenorrhoea and PCOD (menstrual cycle > 41 days)
and age of £ 38 years were reciuited for the study. The group of patients were compared with normal
and regularly menstruating, age and weight-matched volunteers (n = 19). The investigations were
started at least 14 days aficr the Tast menstrual period in oligomenorrhoeic cases and between days 508

for the controls.

Results ¢ During the period of observation, 18 paticnts ovudated spontaneously. The mean leptin
concenirations were similar in patients and controls, However, lean patients had higher leptin
congcentrations than lean controls (P = 0.0449) but there was no such difference between obese patients
and conirols, No relationship was found between leptin concentrations and E,, LH, FSH, T or SHBG.

The relationship between leptin and the occurrence of spontancons ovulation was masked in the obese
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individuals. However, leptin concentrations in Ican controls were similar to its levels in ovulatory
patients but were lower than in lean anovulatory patients @ = 0.05). However, for a given BMI, leptin
concentrations were not significantly different in patienis who failed to ovulate, compared with those
who did.

Discussion : It is unlikely that the occurrence of spontancous ovalation in oligo/amencrrhoeic patients is

influenced by leptin levels.

The abstract was accepted for the “Buropean Society of Ifuman Reproduction & Embryology Congiess™
Meeting, (ESHRE), 22-25 June, 1997,
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ABSTRACT - 4 : Dynamic Changes Of Owvarian Volaume in Patients with

Oligo/Amenorrhoea - Absence of Relationship with Hormone Parameters
Al-Naser Al-Zekri, H, M. 1., Fieming, R., Yates, R. W. 8. Coutts, J. R, T.
University Deparlinent of Obstetrics & Gynaecology,

Rovyal Infirmary, Glasgow, UK.

Introduction : There is a lendency to consider aligo/amenorrhoea and PCOD as static conditions, and
diagnosis with a single ultrasound asscssment has been a commmon praclice. However, il is evidenl from

the longitudinat studies that much biological variability exists.

Methods : A group of patients (2 = 41) with infertility and oligo/amenorrhoea and PCOD were recruited.
The assessment of ovarian morphology, by means of transvaginat vltrasound scanning, was carried out at
least twice weekly for a period of 5 weeks. The investigations were siarled > 14 days aller the last
menstrual period. Blood samples were collected for ., 1.H, FSH, T and SHBG assays at the time of each

Scai.

Resulis : Follicular growth and spontaneous ovulation was observed in 18 patients. Significant
variations in (he total ovarian volume (TQV) were observed hoth between and within patients doring the
S-week observation period, regardless of the occurrence of spontancous ovulation. The TOV was not
refated to the lengih of oligo/amenorrhoea or years of infortility. In addition, there was no influence of
ovarian volume on the mean follicular phase concentrations of the reproductive hormones. Marked
asymmetry between the two ovaries on the basal scan, i. ¢., one being less than 75% of the contralateral
was observed in 39% of patients. The patients’ 5-weeks 1OV was 19.33 + 7.45 em®, and more than half
of the patients showod > 60% change in their TOV, while 41.5% hud doubled their ovarian volume
during the period of monitoring. These significant changes in IOV were nol accompanicd by any
significant difference in the endocrine hormones. Furthermore, the wide variations in TOV were not
rclated to BME or WHR. Surprisingly, during the 3-weck window of obscreations, the mean TOV of
patients who ovulatcd was similar to that of patients who failed to ovulate. The variability in the TOV
{difference between minimum and maximum TOV) was no difforent in patients who ovulated compared

with those who did not ovulate,
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Discussion ; This study clearly showed that assessment of evarian morphology by means of ultrasound
demonstrated the dynamic state of the ovaries as marked changes in TOV, regardless of the occusrence of

spontaneous ovulation, and the changes were not related to hormone concentration changes.

The abstract was accepted for the “Europcan Society of Human Reproduction & Embryology Congress”
Meeting, (ESHRE), 22-25 June, 1997,
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