DECLARATION.

This is to declare that the work contained 1n this dissertation is
mine and all studies quoted have been refercnced appropriately.

SIGNED

Signed by candidate

BATE: E(l/ai/-f/( pate: 11,09.0¢

DR J.O OLAROGUN Prof Z. M van der Spuy
Mmed candidate Supervisor



The copyright of this thesis vests in the author. No
quotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



POLYCYSTIC OVARY SYNDROMETHE EFFECT OF
WEIGEHTT LOSS ON INTRAVENOUS TRIGLYCERIDE
CLEARANCE AND LIPID PROVILE,

INFRODUCTION AND LITERATURE REVIEW

The polycystic ovary syndrome occurs m up o 10% of the women of
reproductive age (1:2).

It is a heterogencous condition with considerable variation m presentation,
which has led 1o considerable controversy as (o s exact definition.

In 1935 Stein and Leventhal first deseribed the syndrome as a clinical
condition characterized by amenorrhoca. obesity, mfertility, hirsutisin and
bilateral enlarged ovaries(3).

The development of radio-immunoassays m the 1960s facilitated the
mnvestigation of the endocrinological abnormalities of this condition, while
the avadability of pelvie ulirasonography i the 1980s made the non-
mvasive assessment ol ovarian morphology possible. As a consequence the
condition has been extensively evaluated over the past two decades and 1t 1s
recognized as a condition characterived by reproductive dysfunction and
metabolic disorders.

Polyeystic ovary syndrome is associated with hyperandrogeneimia,

hypermsulimemia, msulin resistance and altered lipid profiles which
predisposes to metabolic comphications such as type 2 diabetes and
cardiovascular disease (4).



DIAGNOSES

Stem and Leventhal diagnosed their patents on clinieal eriterta and
performed ovarian wedge rescetions on a selected group of patients for
histological confirmation and v some cases as a freatment modality. (3)

More recently the diagnosis of this common condition hinges on a
combination of climcal findings, biochemical abnormalities and ultrasound.

Polyeystic ovaries are delined by then nltrasound 1image and demonstrate the
presence of 12 or more follicles |2 9 mm i diameter] and/or an mereased

. . N Ty, e
ovarian volume | =10 cm™[(5)

When the typical ultrasound findings co-exist with clinical or brochemical
abnormalities, polyeystic ovary syndrome is diagnosed.

Until recently comtroversy existed regarding, the dragnosis of this condition.
Because ol the different mantfestations and vacying endocrine/metabolic
features, climeians and researchers had ditfenng opinions on the enteria for
diagnosis.

One school of thought was that a typical ultrasound appearance was ceniral
to diagnosis while another was that the absence of other endocrine diseases
along with the presence of chronie anovulation and hyperandrogenism was
sufficient to make a diagnosis.

In 2003, the Luropean Society for Human Reproduction and Fmbryology
(ESHRE) and the America Society for Reproductive Medicine (ASRM)
arranged a polycvsuie ovary syndrome consensus workshop group in
Rotterdam. The group was tasked with revising the guidelines for the
diagnosis and management of PCOS, whuch the National mstitute of Health
(NTH) had developed w1990,



The recommendation from the Rotterdam group was that, tor the diagnosis
of PCOS, a patient bad to have 2 of 3 features, (1) Trregular or absent
ovulation, (2) chimical or biochenucal evidence ol hiyperandrogensm, (3}
PCO morphology on ultrasound (67},

The study group recommended that wonen with PCOS be mvestgated for
metabolic syndrome, including physical measurements for abdominal
obesity, assessment of iptd and glucose metabolisim as well as hypertension,

The metabolic syndrome s a common linding in PCOS and both contribute
to a significantly increased risk of carchovascular discase. Glueck and his co-
workers reported the presence of the metabolic syndrome in 46% of women
with confirmed PCOS compared with 23% of the general female population
(8). The diagnostic criterta for delining the metabolic syndrome mnclude
components such as centripetal obesity, hvpertension, fasting
hyperglycaemia and dyshipidaciua. The recominendation tor the diagnosis
of the metabolic syndrome in women with PCOS s the presence of three or
more of the following criteria: (1) abdominal obesity as reflected by a waist
circumference = 88 cin (1) fastmg serun tnglycenide (TG) levels of 1.8
<130 mmol/LL, (1v) Tasting and 2 hour glucose following an oral glucose
tolerance test of 6.1 (0 7.0 mmol/L. (Tasting) and/or 7.8 — 11,1 mumol/L. at 2
hours (v) blood pressure = 130745 85 mimbe{6)

Biochemical abnormalities, associated with the condition, include elevated
concentrations of Tuteinizing honnone (LH) which is reported wn 45-75% of
cases (9). v a cohort ot 300 paticuts with PCO morphology i a clime in
London, Franks and colleagues dentonstrated a mean LH concentration more
than double that of controls(10).

Raised total testosterone concentrations are present in up to 80% of patients
and decreased sex hormone binding globulin (SHBG) level is a common
finding, the latter resulting e an merease w {free boactive testosterone.



CLINICAL PRESENTATION

The chimical manifestation of PCOS wcludes a wide spectrum of
abnormalities, ranging from the asymptomatic woman with a typreal
altrasound appearance (o the woman with severe endoerine and reproduactive
disorders.

I a review of 300 patients with the ultrasound diagnosts of polveystic
ovaries altendiny a pyonaceological endocnne chimie in the Untted Kingdom,
Franks et al reported hirsutism i 64%, acne 27%. wtertthty 42% and
ohgomenorrhoea 1 52%(10).

Polycystic Ovary syndrome 18 the commaonest cause of anovulatory
infertility( 1 1)

At Groote Schuur Hospital i Cape Town a review of 800 women with
polyeystic ovaries on ultrasound revealed that 82% had menstrual
dysfunction (including prunary and sccondary amenorrhoea and cyele
irregularities), 65% hirsutism, 37% acne and 70% complained of infertility,
(unpublished data-personal commumication).

Patients with PCOS have an mnereased risk of pregnancy loss and because of
their pre-exasting hypennsulimenia and wsulin resistance also have an
mereased risk of gestational diabetes.

I a cohort of 2199 women with recurvent miscariage assessed ina London
B

tertiary centre, PCO morphotogy (alirasound) was tound w 859 cases

(40.7%). Tlus is a sigificantly higher prevalence than found i the gencral

population (23%). The live-birth rafe in subsequent pregnancies was sinmilar

to that of women with normal ovanan morphology (60.9% Vs 58 .5%.)

The authors suggested that the search for a spectfic endocrime abnormality

that can divide women with PCO mto those with good and those with poorer

prognosts for ongoing pregnancy should continue (12).

Jakubowicz et al trom the University of Venezuela, hypothesized that
hyperinsulinacmic isuhn resistance., hyperandrogenisin and obesity are risk
factors for recurvent pregnancy loss i PCOS patients (13). In a retrospeetive
analysis this collaboration found that PCOS patients with recurrent



pregnancy toss treated with metforman had a lower chance of losig, their
pregnancies than those on no treatment, T1% vs 58 3%, There were 36
wotnen 1 the metformim group and 12w the control group(13).

Obesity is present i at least 50% ol patients with PCOS and this exerts an
additive and synergistic effect on the mamfestations of PCOS. It
idependently tnpacts on insulm sensttivity, risk of diabetes and adverse
cardiovascular profile(14).

PREVALENCE

Different studies have attempied 10 assess the prevalence of polycystic
{Vwaricﬁ in the normal population. Polson et al found 23%(15), and Clayton et
al 22%(10) in the women they studied. In the latter study, postal invitations
were mm to women born m the yvears 1952 10 1969 from a patient list of a
sigle group practice. Three hundred and fifty three of the 1065 women
invited agreed to participate and 190 (18%) completed the study. They
concluded that the prevalence ol polyeystic ovaries 1s lugh but in their
cohort there were minimal clintcal mamfestations compared to women with
normal ovanes. They suggesied that the presence of polycystic ovaries on
altrasound might be a vanant of normal( 16).

In the audit by Polsocet al, 257 healthy volanteers were recruited and pelvie
ultrasonography was perforined. These women had not sought medical
itervention for menstroal irvegularnities, hirsutism or acne. Ninety-nmge
women were using oral contraceptives and of the 158 not on oral
contraception, 18% had iregular cycles OF the women with PCO, 76% had
regular cycles and 6 of the 8 with regular cycles were hirsute. o this study,
the true prevalence ol menstrual trregulanitics was masked by the use of oral
contraceplion.

fn the study by Farquhar et al, in New Zealand, twelve hundred women
chosen randomly from electoral rolls were mvited. Of the 255 women who
agreed (o recrurhuient, 183 women completed the study. These women had
an ultrasound and blood tests between day 5 and 9 of thetr cycles. Thirty-



nine (21%%) had polyveystic ovartes, Hirsutisn and wregular menstrual eycles
were commonet i the PCO group. Fdiv-mme peceent of women with PCO
had clevated Ferranan Gallwey scores (- 71 o weegular peviods or both(17).

The main criticisin of these studies is the prevalence of gynecological
complaints such as wregular penods and lursutisme i this group of so called
normal women, deally a study -«dmu% I be undertaken among women who
have no gynecolopical disorders  the prualww dumng “nornal” women

1s to be estabbshed. It 15 however mimlm v difficult to 1dentify and recruit
such a group.

i a study conducted m Cape Town by van der Spuy et al, atotal of 194
healthy university students were assessed and on abdoninal ultrasound 7 7%
had PCO morphology. A quarter of them however had mercased ovarian
volume, and may have had PCO. which was not detinitively confirmed
because of poor ultrasound resolution (personal communication).

LONG TERM SEQUELAE

Wonien with PCOS have an mereased chance of developing diabetes
melitus, hypertension and cardiovascular discase.

Conn et al from Middlesex lospital London studied the prevalence of
polyeystic ovaries in pre-menopausal women presenting with type 2

diabe tes. l lphl\/ 1w percent bad polycystic ovaries on ultrasound. Of these
women 52% had cutaneous manifestations of hyperandrogenism with or
without numxua] disturbance (18},

Wild and co-investigators from the University of Oklahoma compared
cardiovascular mortality and morbidity i niddle-aged women previously
diagnosed with PCOS with ape satched controls, Women with PCOS were
found to have higher levels of severe cardiovascular risk factors, including
drabetes, hypertension, ivpercholesterolacmia, hyvpertriglyeeridaemia and



mereased warsthip ratio (OR 2.2 1 $and 3.2 respectively for diabetes,
hypertension and hypercholesterolacmiay (19).

The same investigator had previously studied 102 pre- and post-menopausal
women undergomyg cardiac catheterization for chest pam (in the same
institution) and found just over hall of them had arterial lesions. These
woinen were more likely to report hirsutism, diabetes mellitus, hypertension
and previous coronary artery disease (20).

In a similar cohort of paticnts in New Zealand, patients undergomg cardiac
catheterization and coronary angiography had pelvie ultrasound. Of the 143
women studied, Birdsall et al Tound that women with PCO had more
extensive coronary arlery disease{21).

Although these are retrospective studies, a strong association between PCOS
and cardiovascualar disease seems to exist Despite the existence of
cardiovascular disease nsk factors i these patients, studies demonstrating
increased mortality are lackmg,. A follow-up study by Wild failed to
demonstrate an mcerease m mortahity due to arculatory or cardiovascular
disease m patients with PCOS (22) Tlis has led to speculation that some
protective mechanisms may exist in these patients, such as prolonged
exposure o unopposed estrogens and elevated levels of vascular endothelhial
growth factor VEGE (23).

Pierpomnt et al working at the London school of Hygiene and Tropical
Medicme traced and followed a total of 786 women with a diagnosis of
PCOS made between 1930 and 1979 Standardized mortality ratios (SMR)
were calculated o compare the death rates in these women with the national
rates. There were 15 deaths from circulatory disease, 13 of which were from
ischaemic heart disease. They concluded that patients with polycystic ovary
syndrome do not have markedly higher than average mortahity rates from
cireulatory disease. The characienstic endocrine profile of women with
PCOS may protect them aganst circulatory discase(24).

fn a paper published m 2002 by Dahlgren et al, 28 women with PCOS
diaghosed 25 (o 34 years belore (histological diagnosis from wedge
resections) were compared with 56 controls. They found a strong positive
correlatton between serum concentrations of trighyeeride, basal msulin and



abdominal obesity on the one hand and plasminogen activator mhibitor,
fbrmopen and von Willebrand factor on the other i both groups ol paticnts.
Mean values ol most haemostiic vartables studied did not differ between
the 2 groups. Theretore, wonien with altered inetabolic profile were also
found to have affecied hacmostatic factors but PCOS i itselt did not seemn
o influence the haemostabic actors (25).

The presence of chromie anovulation wm these wonen coupled with the
icreased action of aromatase i the adipose tissue of obese patients leads (o
exposure to unopposed estrogens, predisposing to the development of
endometnal hyperplasia and carcinoma. In the retrospective study by Wild
and colleagues wn 2000, 786 wonmen witl the diagnosis of PCOS in the
United Kingdom betore 1979 were traced. In tius study women with PCOS
were not at imereased risk of breast cancer but were at increased nisk of
endometral cancer(26)

Whether or not these patients are at icreased risk of breast cancer is
controversial. In the Pierpomt study quoted above breast cancer was the
commnonest cause of death. On the one hand chrome anovulation daring the
reproductive ages may potentially raise the risk m the post-menopausal age
proup from chronie estrogen exposure carlier m hife, as some observational
studies have suggested and on the other hand smee ecarly menarche and late
menopause are associated with anincreased nsk of breast cancer the
anovulatory state of PCOS and subsequent decreased exposure to
progesterone may be protective (1)

It would appear that {urther studies are atso needed to clanty whether
ovarian cancer risks are increased in these patients. The Cancer and Steroid
Hormone study reported an wncreased previous diagnosis of PCOS
patients presenting with ovaran cancer but this has not been confirmed by
findings trom fongitudinal studies (1),

L



METABOLIC DISTURBANCES

An assoctation between hypennsulinaentia, msulin resistance and PCOS has
been well described. A defect i tsubin mediated veceptor
autophosphorylation has been described i a substantial proportion of PCOS
women. This detect is unigue to PCOS and is not unusual 1 other common
states of isuhin resistance.

The degree of hyperandrogenisi correlates signiticantly with levels of
hyperinsulinacmia, and this s probably mediated via a direct action of
insulin on the ovary and on the sex hormone binding globulin (SHBG) levels
{23).

Some studies have demonstrated that the use of msulin-lowering agents
leads to a suppresston i androgen levels, Thas suggests that mnsulin has an
effect on ovarian androgens, most likely via the prwtary gland(23),
Supporting this hypothesis is the demonstration ol insulin receptors 1 the
pitattary gland (27).

Dunail and colleagues in Massachusetts in 2001 performed sequential
cuglycenie glucose clamp studies and skeletal muscle biopsies on PCOS
patients and matched controls. They found msulin-mediated ghicose disposal
was significantly decreased m PCOS patients compared to controls and
suggested that there 1s a physiologically relevant defect in msulin receptor
signalimg n patieats with PCOS (28,

Nestler and colleagues proposed an insulm-mediated increase in ovarian
cvtochrome P450c17a activity as another possible mode of action of insulin
in a subgroup of obese PCOS women (29).

Robimson et al in St Mary's Hospital London performed a cross sectional
study of insultn sensitivity and hpids in a cohort of PCOS subjects (309,
They wvestigated 19 lean and 55 obese patients with PCO and compared the

results with those m 22 lean controls and 15 obese controls. They found
HDL2-cholesterol was reduced m boih lean and obese PCO patients. A



significant negative correlation was also found between body mass index
and total HDL-cholesterol as well as HDL2-cholesterol tevels both within
the PCOS proup and the control women.

Insulin resistance is assoctated with impaired glucose tolerance, type 2
diabetes, hypertension, abdominal obesity and adverse lipid profile, all
features of the “metabolic syindrome’ {(6).

Due to higher levels of circulating androgens, body fat distribution and
hyperinsulinacimie insulin resistance, patients with PCOS would be expected
to be at a higher nsk of dysliprdenua (23) There have been a few stuches m
wonen with PCOS demonstrating an abnormal lipoprotem profile. This is
characterized by raised triglyeerides, marginally elevated low-density
ipoprotein (LDL) cholesterol and reduced lngh-density hipoprotemn (HD1.)
cholesterol (23).

OBESITY AND PCOS

The Wor Id Health Organization detines obesity as a body mass index of
30Kg/m” or greater. Duc to the difference i diagnostic criteria for
polyveystic ovary syndrome, the reported prevalence of obesity in this
condition varies and has been documented in 38-50% of women with PCOS
(14:31) Hoeger and colleagues estimated that approximately 50% of
individuals with PCOS are obese (14). Obesity, hypernmnsulimaemia and
hyperandrogenaciua all interact and i mpact on the presentation and long-
termt outcome of PCOS (323, Nestler et al hypothesized that obesity and the
consequent development ol iwpunm fmacmia might lead to the genesis of
PCOS m susceptible individuals (33)

The mechanisny of the increased prevatence of obesity i women with PCOS
is not currently knowi, but 1t affects other stigmata of PCOS mcluding sex
hormone bindmg globulin (SHBG) levels and markers of wsulin action. Tn a
study done by Acien ct al m Spain, 137 women with PCOS and 75 without
were studied with respect to BMI, gonadotropluns, insulin, androgens
(testosterone, androstenedione, DHEAS), 17 alpha-hvdroxyprogesierone,
SHBG, triglycendes as well as plveenmie and sulin response to a 100-g oral
glucose load in 103 of the women.



They found msulin and metabohe mdices were similar i lean women with
and without PCOS but obese women with PCOS were more msulin resistant,
hyperandrogente and hypertiglycetinue (34,

In the work of Dunaif et al i 1987, 62 hyperandrogenic women were
compared 1o 36 controls. Obese PCOS women were at risk of unpaired
elucose tolerance compared to thew lean counterparts and the negative
unpact of PCO and obesity on tsulm action was addriive. (35)

The ovary possesses receptors for both isulin and 1GE-1 and these
hormones have sinilar brological activity. Hypermsulinaemia stimulates
both msulin and 1GF-1 receptors. The eflect of mereased 1GE-T receptor
stimulation on the ovary s an merease i testosterone and androstenedione
biosynthesis via the cytochrome P450¢-17alpha hvdroxylase pathway (36).

lusulin-hike growth Factor binding protemn -1 (1GFRP-1) concentrations
correlate mversely with insuhn concentiations.  In obese compared to non-
obese women with PCOS | TGEBP-1 s signtlicanty lower with resultant
mcreased free 1GE-1 and an exaggerated impact on androgen production
(36)

[t lias been suggested that the reduction of SHBG and the consequent
merease of percentage free (estosterone may lead to miubition of follicular
maturation and consequently, induce anovulation and altered ovanan
morphology, thus stariing the scrics of events which could lead to the
development of PCOS (37).

The fact that hypennsulmenna and insulin resistance are invanably
associated with obesity (particularly with abdominal obesity ), represents the

basis of the hypothesis linking obesity itself (o the development ol
hyperandrogenism in women with PCOS (37)

It seems that in obese women, hypenosulmaenna 1s a secondary disorder
(secondary to insulin resistance) resulting i a decreased SHBG and 1GFBP-
I fevels and theretore causing an mcerease i active androgen levels. The free
androgens are m turn converted to estrone i adipose tissue.

In a study population of 263 consecutive women presenting to the
gynaccological endocrme elinic at St Mary s Hospital in the United
Kingdom with hirsutism and/or anovalation and tound (o have polyeystic



ovaries on ulirasound, 35% were obese (BMI = 235 Kwm™). There was a
higher prevalence of hiesutisiy and menstraal abnormalities wm this eroup
compared with then lean comnterparts with PCOS.

Patients in the obese proup atso demonstrated lower SHBBG levels, higher
free testosterone levels as well as hngher concentrations of androsterone
plucuromide, a marker for 5 alpha reductase activity (38).

I a review article published in 2004 by Hovt and Schimdd, hirsatism and
menstrual irregularities was found to be more prevaleant in obese patients
with PCOS compared (o their non-obese connterparts (1),

Holte and colleagucs ur a series of studies i Sweden compared
vonadotrophin and sex sieroid concentrations in womien with PCOS (n = 67)
with a control group (n - 59) and assessed the effects of obesity in both
groups. They found an association between PCOS and increased testosterone
levels across the BMI range but with obesity having a synergistic effect in
the PCOS group and no elfect of obesity on testosterone levels in the control
group. Simtar findings were recorded for the free androgen index (FALTY39).
DHEAS levels were higher by about 30% i the obese PCOS group
compared (o obese controls (BMI of 30 }{g;“m}‘ or more). Further findings n
this study imchude the contirmation from other studres that the negative
effects of obesity and PCOS on SHBG fevels are mdependent of cach other
(39).

The distribution of fat s also important when assessing cardiovascular risk
as well as endocenne changes. An mereased waist to hap ratio (WHR) has
been tdentified ax anwdependent visk factor for artherogenesis and poor
mictabolic parameters. Pasqualt and colleagues found a positive correlation
between the WHR and mereased LU androstenedione and estrone
concentrattons as well as gher levels of msulin (Fasting and stimulated),
triglycerides, very-low-density-lipoprotein (VE.DL) and apolipoprotein 1.
The levels of hugh density bipoproten (HDU)Y cholesterol were wnversely
proportional to the WHR(40). Obesity contnbutes to the morbidity of PCOS
as well as agpravating msulin resistance and hyperipidemia,



‘The presence of excess adipose tssue wr the obese woman leads to an
erease o aromatase activity and enbianced conversion of estrogens to
androgens and vice versa. The development of syiptoms may be linked to
the development ol obesity i some patients and weight loss often leads to a
return to normal menstrual cyelicty and fertiliy (41).

in a study from 8t Mary’s Hospital medical school m London, 24 obese
women with PCOS were treated [or 6-7 months on a 1000 Keal, low fat diet.
Thirteen subjects lost more than 5% of thewr starting wetght. These subjects
demonstrated a marked increase in concenfrations of SHBG and a reciprocal
decrease m free testosterone levels, There was also a reduction i fasting
serum msulin levels and the msulin response to 75 of oral glucose. Eleven
of these women also showed an nnprovement i reproductive function and 5
of them got pregnant,

In a similar study, Pasquali and collcagues looked at a less well-defined
group of patients. They reviewed obese, hyperandrogenie, amenorrhoeic
women with or without PCO morphology on ultrasound. Weight loss was
beneficial in terms of decreased serum wsubin levels, tendency towards more
regular menstrual penods and mproved hirsutism scores (42).

There 1s constderable evidence that in the fong term, PCOS, predisposes to
the development of type 2 diabetes and this s more hikely 1w the obese
patient. The mercased aromatase activity in the obese woman also increases
the chances of endometrial hyperplasia and carcinoma from mereased
estrogen concentrations,

The inctdence of morbidity such as stroke. 1schaenuc heart disease and
diabetes is three (o four times greater in female subjects with body mass
index (BMD) of 28 or more when compared to the general population (14),

Bilenka and colleagues in New Zealand have also wdentified obesity in the
absence of PCO as a risk factor for decreased fertility and pregnancy loss.

(43).

The carly dentification and appropriate management of risk factors such as
hypertension, dyslipidacmia, hyperglyveacmia and central obesity will
contribute to the reduction in fong-term morbidity and cardiovascular risk
(44). Weight loss is therelore a critical part of the management of this



condition, however achieving this 1s difficalt especially m the absence of
adequate exerase lactines, atfordable fow calone diet and support groups.

GENETICS

Studies of first-degree relatives of women diagnosed with PCOS reveal
farmihial clusterig ol the disease. A prospective study of first-degree
relatives of ascertainable sisters of wamen with PCOS found that 46% of
them were hyperandrogenacimic and these studics have sugpested a
dommantly inherited trast controliing androgen fevels(45). Studies on
cultures of human theca cells derived Trom Tollicles isolated from the ovaries
ol PCOS and normal women demonstrated that PCOS theca cells produce
greater amounts of lestosterone, [ 7aiphu-hyvdroxyprogesterone, and
progesterone than normal theca cells. This 1s probably as a result of muluple
alterations 1 the sterotdogenic machinery sueh as elevated expression of the
CYPHA, 3BetallSD2, and CYPI7 genes. leadig 1o an up-regulation of
hormone production in these women. Genetie studies have suggested that a
possible site responsible for this may be chromosome 19p13.3(45).

The lack ol wiversal diagnostic critena, heterogeneity of the condition and

the possible dilferent ethnie presentations makes determming the genetics of
PCOS and possible associations with obesity ditficult,

MANAGEMENT

The managenent of PCONS depends o a large exient on the presenting
complaints of the patient. Probably the one mode of management common

senstble dietary regune and repular exercises especially inthe obese woman,



In a study already desernibed, weight foss of 5% or more of the untial body
welght improved biochemical parameters as well as climcal leatures of the
discase(4 ). The many anns of treatment are, control of symptoms and
prevention of long-term sequale.

The medical modahtics for managing tus condition vary from the usc of
ovulation inducing agents hike clomiphene citrate and gonadotrophins
patients presenting with anovulatory mtertthty to the use ol antiandrogen
such as cyproterone acctate and spironolactone in patients presenting with
hirsutisim and acne.

The use of msulin sensitizing agents such as metforrmn m selected patients
to manage nsulin resistance and m so dong improve the response to
ovulatory agents(46) and to complement weipht foss regimens has been
extensively described(47). Gluecek et al in Cincmnati, Ohio, compared the
development of gestational diabetes m PCOS women on niettormin
throughout pregnancy to that i PCOS wonien not taking metformin and
found a 10 fold decrease in the incidence ol gestational diabetes in the
women on metformin{48). In 2003 Barbhert trom the Brigham and Women's
Hospital, Harvard Medical School, Massachusetts published an article
reviewing the use of metfornun for the treatment of polycystic ovary
syndrome. The findings from this review (of 94 Enghsh language articles
pubhshed after 1966) were that 3 clincal trials showed metformm plus
clomphene is more effective than clomiphene alone i inducing ovulation.
In addition metformmm may restore ovulatory menses i women with
wregular menses (Mot rying (o conceive) and that i obese women,
metformin plus a low-calone diet was more eftective at achieving weight
loss than a low-calone diet alone(49). Stadtinauver et al from Norfolk USA,
(2002) advocated the use of nsulin sensitizing agents such as metformin m
the reduction ol nuscarriage rates, as well as m the reduction of the nisks
associated with coronary artery discase, gestational diabetes and obesity in
women with PCOS(30). Data on the long-term etfect ot this therapy are not
presently available,

Probably the only role for surgery in the management of PCOS 1s m the
treatiment of the infertide woman where laparoscopic laser or diathermy
ovarnan drilling has been described as a method of inducimg ovulation, This



s thought to reduce serum androgen concentrations, normabizing cycle
fengths and restonng ovalatory eyeles(s ),

The advantage of ovanan dedhimge over medical therapy mcludes a decreased
risk of ovarian hyperstimudation and of multiple pregnancy in subsequent
cycles(1 7). In g Cochirane Database systematic review by Farquhar ¢t al in
2005t was suggested that there was no difference in bive births and
cumulative ongoimng pregnancy rates between laparoscopie ovartan drilling
(0-12 months follow up) and 3-6 cycles of ovulation mduction using

gonadotrophims in the primary treatment of anovulatory patients with PCOS.

There was a reduction i multiple pregnancey rates in the ovaran drilling
group but concerns regarding long-terny ovarian function remain{52). Even
though this 1s an attractive option in the management ol these patients, there
is a small but signiticant risk ol ovarian adhesion formation and preniature
ovartan {atlure, which nmust be considercd.

AlM

The am of this study was to mvestigate the elfects of weight loss on
markers of insubin resistance., triglycende clearance rate and lipid profile in
obese paticnts with PCOS.



PATIENTS AND METHODS

Patients were recruted from the Gynaecological Endocrme Chime at Groote
Schuur Hospital. The Research Eihies Commitice of the Faculty of Health
Sciences of the University of Cape Town approved the protocol. Detailed
written mformed consent was obtamed from every participant,

The mclusion and exclusion critena tor the study participants are shown in
table 1.

TABLE I INCLUSION AND EXCLUSION CRITERIA

AINCLUSION CRITERIA - TEXCLUSION CRITERIA
o BMI =30 k;m e Pregnancy
® Nwi for immediate fertihity
¢ Confinmed PCOS treatment

e« Poorly controlled hypertension
(DBP > 100 mimHg)

o  Willing to use contraception e (‘reatiune = 200 junol/I.
for up to 8 months s Severe hepatic dystunction

o  Marked hypertriglycendaenna
{fasting - 5 mmol/l.)
e Previous CVA

e PPoor comphliance

Abbreviations:
BMI -~ Body mass index, DBP~ Diastohic blood pressure, CVA -
Cerebrovascular accident.

Study design




The tral was an un-blinded, non-placebo controlied study i wluch every
participant acted as her own control over the 6 months study period.

At visit T, a detarled chinieal evalvation was done and the nature of the study
was explamed to the patienls. A trained dictician instituted dietary
modification from visit 2 and the same dietician reviewed participants at
regular (2 monthlyy intervals during the tral (4 visits). Patents who wished
to partucipate wn the study and who were sexually active were cominenced on
an oral contraceptive iguai

At the second vistt antlropometrie measurements meluded heieht, mass (in
light clothing on an electronie balance that was accurately calibrated), waist
and hip measurement. Fasting blood samples tor lipid and endocerine profiles
were taken. Glucose and msulin (fastmg). sex hormone bimding globulin
(SHBG) and testosterone were measared and intravenous fat tolerance test
was done

Taphastl®o, a combimed oral contraceptive [contatning ethinyl estradiol 30
g+ levonorgestrel 50 pg (6 tablets), ehtinyl estradiol 40 pg
fevonorgestrel 75pg (5 tablets ), ethinyl esteadiol 30 pe + levonorgestrel 125
pe (10 1abletsy and 7 placebo tablets] (Acromed, South Africa) was
prescribed for 19 of the 22 subjects. Two subjects had never been sexually
active and did not require contraception and one patient had a sterilization
procedure before recruntiment,

Sibutramine (Reductd ® Abbott Laboratones South Africa) was commenced
(to assist m dietary control) fron visit 2. This 1s a centrally acting weight
management agent that whibits the re-uptike of noradrenaline and serotonin,
mhmmng sattety and thereby leading (o less food intake and subsequent loss
of weight. 1t has been shown that subjeets on Sibutramine lose an average of
7% of their body weight in six months. Wide inter-individual variability
ul%’ix but up to 13% of patients lose more that 10% body weight on a dose

{ iOmg_ daly (53-55). Ttis a regustered product with a reasonable side effect
profile. Side effects that have been documenied include headache, dry
mouth, loss of appetite and constipation.
Physiological effects of the drug nclude a nuld increase i heart rate (3
beats/nmnute) and an increase n blood pressure (1.5 mmbg).
Stbutramine ts not licensed tor use  prepnancy .



Complumee with medication (sibutramme and tiphasily was checked by pill
count af every visit from visit 3. A mursing sister who was part of our
research team assessed cach patient every lour weeks. Patients with concerns
or complaints were seen at unscheduled visits,

The anthropometric measurements and blood tests were repeated alter six
months at visit 8.

The study destgn and visit schedule s presented in table 2,
TABLE 2: STUDY DESIGN
CVisit | visit [ vasit | Visit

l 2 3-7 8

¢ (hmical + L
assessment

o BMI WHR |+ ¥ "

o Pulse | F 4
» Blood
pressure r 'f |

e Dictary

remforcement |7 t i !
¢ [3lood tests E

includmg
IVETT

Visit 1= Screemmng, Visit 2= hutiation of treatiment

Abbreviations: WHR = Waist-hip ratio, BMI - Body mass imdex, IVFTT =
Intravenous fat tolerance test




Laboratory methods

Fasting plasia triglyeeride, total cholesterol and glucose were determined
with conventional enzymatic assayvs (Roche plattorny. HDL-cholesterol was
determined afler precipitation of apolipoprotein B- containiyg lipoproteins.
The LDI-cholesterol was calculated using Friedewald s formula (56) The
non-denaturing gradient gel clectrophoresis for deteymimng LDL particle
size was done according (o Blom et al(57) Thus techuique separates LIDL
particles according to size which is reproducibly categorized from large o
small in 5 steps, but classified for this study mnto Targe (A), mtermediate (1)
and small (13) particles

Serum testosterone was measured by competitive chemtduminescent
imumunoassay on the ACS (Ciba-Corning). SHBG was measured m as an
IRMA (immunoradionmetrie assay) from Orton Diagnostica and insulm i an
RIA (radiotmmunoassay): DPC-Coat-a-Count. The intra-assay variables for
clucose, cholesterol, TG, HDL, SHBG, insulin and testosterone were 0.9%,
0.8%, 1.5%, 0.9%, 1.7-3.0%, f%.iu-().j‘,’»’u and 4.5-11 3% respectively and Illc
respeclive inter-assay variables were 1.8%, 1.7%. 1 8%, 1.85%, 4 4-8 2%,
4.9-10.0% and 5.2-13 8%,

The mtravenous [at tolerance test (IVETT) s a non-steady state, provocative
test to evaluate the clearance ol triglycenide-rich lipoproteims. After an
overnight fast, a standardised dose (0 Sml/kg bu(h mass) ol a commercially
available lipid emulsion (Iipovenous Fresenius * South Africa) was
administered by a bolus mtravenous nfusion and blood was sampled at -5,
0,5.10,15,20,25 30,35.40,60 and 20 mnutes for triglyceride assay by
spectrophotometry . The plasma triglycertde concentration should imerease
by about 3mmol/I., and the subsequent dechining mglycende (TG
concentrations are analysed with first order kinetics using non-linear
regression (58) The mg!x ceride clearance constant (k) was calculated using
the formula TG - De M C, le., D s the rise of TG over the baseline, ¢

is the baschne conccntmn(m and Cis Lise i nunates.

There 1s evidence that delayed postprandial triglyceride clearance 1s a
marker of insulin resistance and is also associated with a cluster of pro-
artherogenie metabolic disturbances (small dense LDL, reduced HDI ,,
mereased plasminogen-activator mhibitor type 1)(59),



Statistical methods

At the onsct of the tnial a cohort size of 20 was assessed as adequate to
demonstrate a diftercnce w hiprd parameters, and was simidar o that of other
studies investigating endocring parameters in PCOS patients””’ No formal
calculation of coliort size could be done for changes m LDL species and TG
clearance owing 1o a lack of studies i this area,

The data were captured and processed using commercially available
software (Excel®, GraphPad® Prism and Tnstat®) (o provide descriptive
statisties. Repeated measures analvsis of variance as well as paired t-tests
were used for comparisons. Chi-squared analysys was done for categorical

data. A probabihty (p-valuey ot <005 was taken as statistically significant.

RESULTS

A total of 28 women were recruited o the stady, 22 of whont completed the
study satistactonly and were included in the final analysis. Five women
were discontinued for non-comphiance and 1 had side effects from the
medication that she could not tolerate. No results from these 6 patients are
presented.

Anthropometric measurcments

Ot the 22 subjects analyzed, 16 (73%) lost more than 3% of their imtial body
mass, live lost less than 5% and one subject gamed weight by the end of the
study. The mean body mass mdex £ 513 ai recruttment was 41.6 + 4.56
kg/m” compared to 3941 4.57kg/m” at the end of the study (p = 0.0001).
The mean waist-hip ratio was 0 8640 .00 at the begimning and 0.85:0.05 at
the end of the study (p = 0.09). There was no statistically significant



difference in mean mass and waist diameter- 109.48+ 12.8 and 102.95 +
12.8(kg + SD) and 114 + 7.7 and 108 + 6.4(cm + SD) at the beginning and
the end of the study respectively. Separate analysis excluding the patient
who gained weight did not affect the results.

Figure 1 and 2 shows the BMI and weights of the patients at the beginning
and at the end of the study.

Figure 1- BMI in kg/m’

60

50

40

BMI

30

20

10

Subjects

Red bar- visit 1, brown bar-visit 8

B 6



Figure 2- Weight in Kg

150
130 - c 1
110 - L & [ ,

90- ' '_|“‘
70 | { 4l i
50
30 - i | | mERELR
10 | 8o
-10

weight

Subjects
Blue bar-visitl, Red bar —visit 8

Metabolic and endocrine indices

There were no statistical significant difference in metabolic and endocrine
indices measured at the start and end of the study, as detailed in table 3

TABLE 3

Table 3: Metabolic and endocrine indices.

Visit 1(Mean = SD) | Visit § Mean + SD) | P
Value

Testosterone (nmol/l) 1.96 + 0.7 1.89 +£0.9 0.7

SHBG (nmol/l) 47,7 +27.1 437 +339 0.22
FAI 1.3=12.7 7.6 +8.6 0.46
Fasting glucose (mmol/l) [4.9+0.5 47+0.5 0.32
Fasting insulin (mU/1) 159+7.1 18.1+11.4 0.46
Glucose/insulin ratio 0.45+0.37 0.34+0.12 0.28

Abbreviations

SHBG =Sex Hormone Binding Globulin, FAI = Free Androgen Index
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LIPIDS

The lipid studies at the beginning (visit 1) and end (visit 8) of the study are
shown 1n table 4. None of the parameters demonstrated a statistically
significant difference. There was, however, a trend towards statistical
significance in HDL levels and LDL particle size changes.

Only samples from 20 participants were analyzed for LDL particle size. Two
subjects were excluded because in one case no final analysis was done, as
the specimen was misplaced and in the other the lipoprotein profile did not
yield defined LDL particles.

Chi squared analysis of the LDL particle sizes revealed a trend towards
larger particles in visit 8 compared to visit 1 (p=0.09). Excluding the patient
who gained weight from the analysis, demonstrated a statistical significant
change in particle size distribution in the women who had lost weight (p=
0.037). Separate analysis of patients who lost 5% or more of body mass did
not show any statistical significance. The IVFTT yielded widely varying
clearance constants but no significant change occurred during the study.

Gradient gel electrophoresis was performed on the samples obtained in an
attempt to determine the concentrations of the different lipid particles. In
figure 1, the pattern that emerges is demonstrated. Chylomicrons (CM) are
the largest particles while LDL particle B is the smallest and therefore
moves furthest from origin. This method separates the lipid particles based
on their sizes and makes them 1dentifiable on a plate depending on the
distance traveled from origin.

A



Figure 3: Gradient Gel Electrophoresis

KEY:

CM Chylomicron

VLDL Very low-density lipoprotein
IDL Intermediate-density lipoprotein
LDL Low-density lipoprotein

The LDL species where divided into small, intermediate and large and the
findings are shown in table 5.
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TABLE 4: Fasting plasma lipids, lipoproteins and triglyceride clearance

Visit 1 (Mean + SD) | Visit 8 (Mean + SD) | P Valueq
Triglycerides 1.32+041 1.26 +£0.59 0.46
Cholesterol 4.6 +0.98 4.5+0.85 0.57
LDL-C (Derived) | 2.96 + 0.83 2.89+0.73 0.52

'HDL-C 1 1.03+0.26 1.09 +0.3 0.09 (t)

' LDL Size A:LB [3:8:9 7:10:3 0.09 (1)
TG clearance 0.08 £0.09 0.09 £0.07 0.46
constant

| 1

All values in mmol/litre.

Abbreviations

LDL-C = Low-density lipoprotein cholesterol, HDL-C = High-density

lipoprotein cholesterol, TG = Triglyceride

LDL particle size is graded from large to small:

A = Large particles

I = Intermediate particles
B = Small particles.

t = trend.



TABLE 5: LDL PARTICLE SIZE AS DETERMINED BY GEL
ELECTROPHORESIS.

LDL SPECIES

VISIT | VISIT 8
LARGE 3 7
INTERMEDIATE |8 10
SMALL 9 3

Chi square analysis of the LDL particle sizes revealed a trend towards larger
particles in visit 8 compared to visit 1, p 0.0897. There was one patient of
the 21 who gained weight and if that patient were excluded from the above
analysis the change would have been significant, p 0.0372.

TRIGLYCERIDE CLEARANCE

The rate of triglyceride clearance (K) was calculated using the formula
TG=D.e ™ +c.

Visit 1 k was 0.079 £ 0.091 while visit 8 K was 0.089 +0.067. p = 0.46.
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This indicates that there was no significant difference in the rate of
triglyceride clearance at the beginning of the study when compared to the
rate at the end of the study. Separate analysis, excluding the subject who
gained weight did not affect the results.

Discussion

This study was designed to examine serum endocrine, lipid and lipoprotein
changes in a small cohort of subjects with PCOS who attempted to lose mass
with dietary information, counselling and sibutramine. The relatively small
change in mass did not have a significant impact on the concentration of
lipids and lipoproteins and thus it is not surprising that no change was found
in TG kinetics. Of interest, however, was the finding that LDL species
changed towards larger sizes in subjects who lost mass. To the best of our
knowledge, this 1s the first report of LDL particle size responding to a
relatively modest mass reduction in PCOS despite the persistence of obesity.

Polycystic ovary syndrome is associated with an increased nisk of
cardiovascular disease. Dahlgren et al in 1992 compared a risk factor model
for myocardial infarct in 33 women with PCOS with 132 age-matched
controls. Factors used in the risk factor model included age, triglycerides,
WHR, diabetes mellitus and hypertension. They found a relative risk of 7.4
of developing myocardial infarction in the PCOS group compared to
controls (60) They concluded that since the risk factors include variables
correlated to obesity, advice on dietary restriction is an important part of
treatment of these patients. In the same group of women, Dahlgren and
colleagues demonstrated a marked increase in central obesity, higher basal
serum insulin concentrations and a higher prevalence of diabetes mellitus
and hypertension in the PCOS group compared to age-matched controls

(61).

Abdominal obesity, a common finding in PCOS patients 1s a recognized risk
factor for the development of cardiovascular disease and is one of the

nNo



markers of the metabolic syndrome. Central to the management of PCOS is
weight reduction, in particular the reduction in waist diameter. Our subjects
demonstrated a significant reduction in weight with more than 70% of them
losing m excess of 5% body weight with a trend towards a reduction in
waist- hip ratio following treatment.

There have been a few studies in women with PCOS, which reported an
abnormal lipoprotein profile. This is characterized by raised triglycerides,
marginally elevated low-density lipoprotein (LDL) cholesterol and reduced
high-density lipoprotein (HDL) cholesterol(23) Studies by Dejager et al in
France as well as Pirwany et al in Scotland described raised concentrations
and proportions of artherogenic small, dense LDL-III in PCOS patients
compared to body mass index-matched controls with normal menstrual
cycles and normal ovarian morphology (62;63) Factors that are known to
influence LDL species include age, gender, obesity, sulin resistance and
diabetes, plasma triglyceride concentration, Cholesterol Ester Transfer
Protein (CETP) activity and (hepatic and lipoprotein) lipase activity (64;65).

The favorable changes in lipids m our study following weight loss included
a trend towards higher HDL-C levels and larger LDL-C particle sizes.
Although associated with mass reduction the mechanism appears not to
involve increased lipoprotein lipase activity but may relate to changes in
lipoprotein production that are influenced by obesity or a combination of
subtle changes in parameters including hepatic lipase that are influenced by
androgens. As smaller LDL particles are associated with an increased
cardiovascular risk, this could translate into a lower risk for cardiovascular
disease in these patients.

Loss of 5% or more of body weight has been shown to improve endocrine
and ovarian function in obese PCOS patients(41). In the study by Kiddy et
al, 5 of the 9 women with improved menstrual function conceived. In our
study, 2 of the women who lost more that 5% of their body weight
conceived but not all of our patients desired fertility. Mass loss improves the
cardiovascular risk profile and also results in improved reproductive

capacity.
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There was no statistical significant difference in the endocrine profile
measured at the beginning and the end of the study including fasting
glucose, fasting insulin, testosterone and sex hormone binding globulin.

In Kiddy's study the mean mass was 91.5 kg and they demonstrated a
decrease in insulin concentrations and reciprocal changes in SHBG(41).

In our study the mean mass at the beginning of the study was 109.5kg and at
the end 103Kg. The higher mass of our subjects may represent a more
deranged endocrine milieu and may impair the demonstration of
improvement with modest weight loss. Fleming et al in a study on women
with PCOS, found that morbid obesity (BMI > 37 kg/m®) was associated
with an attenuation of the positive effects of treatment (with metformin) on
PCOS patients with oligomenorrhoea (66)

The outcome of weight loss on lipid studies and on waist measurement
would suggest that weight loss is associated with a decrease in
cardiovascular disease risk associated with obesity in PCOS patients.
Beneficial changes are associated with modest changes in body mass. This
may in turn translate into a decrease in cardiovascular disease that has been
associated with PCOS(19;20)

The dietetic counselling during the study reinforced previous counselling for
mass reduction in some patients and no specific exercise regimens were
advocated. Therefore the lack of impact of the study on the lipid profile may
thus be due to a previous response in dyslipidaemia to dietary advice and
small changes in body mass in these women.

In conclusion, weight loss in this group of patients is difficult to achieve and
management should ideally include exercise, continuous positive re-
enforcement and the use of group therapy (67;68). These interventions are
important in maintaining achieved weight loss but are difficult in poorly
resourced areas, as they are expensive and require considerable co-
ordination. The use of pharmacological agents such as sibutramine as well as
a more aggressive dietary and exercise regime may be of value in achieving
the all-important aims of weight reduction and maintenance of weight loss
and should be part of the armamentarium available to the clinician for the
management of obese patients with PCOS.

N



In our study we found that moderate weight loss achieved with calorie
restriction translated into a beneficial change (non significant trend) in the
LDL particle size, even though the lipid profile and metabolic indices were
not statistically changed. Given the results of our study, we suggest that
further research on the impact of lifestyle and dietary modification in obese

patients with PCOS in our population should be undertaken. This is planned

for future research
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