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Preface

More than a decade has passed since the first NIH conference on polycystic ovary
syndrome was held in Washington, D.C., to discuss and codify this perplexing
reproductive endocrinopathy. As anticipated, a variety of opinions were elicited
from the participants, which reflected the broad clinical perspective underlying
this disorder. Importantly, the meeting established some common understanding
of the similarities and differences of opinion among those in attendance and un-
derscored the need for further investigation. Since that time, substantial progress
has been made in both basic and clinical investigation, which has widened the
spectrum of the syndrome while, at the same time, raising more questions. In
addition, it appears that direct and indirect consequences of this disorder extend
to all phases of a woman’s life.

Polycystic ovary syndrome (PCOS) is the most common reproductive en-
docrinopathy of women in their childbearing years and is responsible for an esti-
mated 70% of cases of anovulatory infertility. In addition to the clinical features
of hyperandrogenism and chronic anovulation, many women are insulin resistant
and at increased risk for type 2 diabetes. They may also be at increased risk for
cardiovascular disease. The relationship between these metabolic effects and the
etiology of PCOS has not been defined. Familial clustering of cases suggests a
genetic component, but a clear mode of inheritance has not been delineated. It
is also probable that an environmental component to the initiation and/or progres-
sion of PCOS exists. With the encouragement and support of the National Insti-
tutes of Environmental Health and Safety, a meeting of a multidisciplinary group
of scientists—cellular and molecular biologists, endocrinologists, toxicologists,
epidemiologists, and clinicians—was convened at Research Triangle Park, North
Carolina, to disseminate the most up-to-date research on the etiology, mecha-
nisms, and treatment of PCOS. The primary goal of this gathering was to identify
data gaps and needs, future research directions, and new approaches and technolo-
gies that might possibly lead to a better understanding of this syndrome, as well
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iv Preface

as to improved intervention and prevention strategies. This book summarizes the
proceedings of that meeting.

The book is divided into eight parts, which correspond to sessions of the
meeting. Part I presents a historical perspective on PCOS. Part II, ‘‘Epidemiology
of Polycystic Ovary Syndrome,”” covers cardiovascular epidemiology, puberty
and adolescent PCOS, and long-term health consequences. Part III, ‘‘Reproduc-
tive Abnormalities,”” addresses ovarian structure/function correlates, ovarian im-
aging, altered steroidogenesis, adrenal abnormalities, and neuroendocrine dys-
function in PCOS. In Part IV, “‘Animal Models of Polycystic Ovary Syndrome,’’
studies from various animal models and their relevance to PCOS are presented.
Part V, ‘“Metabolic Abnormalities and Their Relationship to Polycystic Ovary
Syndrome,”” focuses on the relevance of obesity and the metabolic syndrome,
abnormal insulin secretion and action, lipids and cardiovascular risk, and endo-
thelial dysfunction in PCOS. Part VI, ‘‘Genetics and Environmental Influences,”’
discusses the potential genetic/environmental influences on PCOS (such as ge-
netic approaches and gene susceptibility, obesity, and environmental toxins). Part
VII, ‘‘Intervention/Prevention Strategies,”” outlines therapeutic strategies, in-
cluding manipulation of diet and lifestyle, metabolic phenotyping, treatment of
hyperandrogenism, and treatment of insulin resistance. Finally, Part VIII summa-
rizes the group discussion of diagnostic criteria.

Clearly, PCOS has become an important consideration for the health and
well-being of women during all phases of life, and, as we advance our knowledge,
the enormous complexity of this problem becomes increasingly apparent. Never-
theless, improved treatment alternatives continue to emerge with the hope of
resolving and, for some, eliminating clinical symptomatology.

We are deeply appreciative of the generous educational grants from Or-
ganon, Ferring, Parke-Davis, and Bristol-Myers Squibb, without which the suc-
cess of this conference would not have been possible.

R. Jeffrey Chang
Jerrold J. Heindel
Andrea Dunaif
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1

Historical Perspectives

Joseph W. Goldzieher
San Antonio, Texas

We shall not cease from exploration
And the end of all our exploring

Will be to arrive where we started
And know the place for the first time.

—T. S. Eliot

. INTRODUCTION

Polycystic ovary syndrome (PCOS) has special features. First, it is not an arena
for simple linear thinking: A causes B, B causes C, and so on. PCOS is a complex
web of interactions whose connections are still far from resolved and therefore
present a perpetually fascinating intellectual challenge. Second, it is a field of
inconsistent symptomatology and histopathology and of a variety of proposed
endocrinopathic models and a testing ground where alternative theories compete.
It has even been difficult to obtain consensus to define what we are talking about
and how to name something we call, for the moment, polycystic ovary syndrome
[1]. In this context one may recall the 1964 Supreme Court case of Jacobellis
v. State of Ohio, where Justice Potter Stewart said, in reference to pornography,
“I can’t define it, but I know it when I see it.”’

Historical overviews of a subject are traditionally assigned to old geezers
who—one hopes—are familiar with literature prior to that accessible on Pubmed
on the Internet. I plead guilty to these specifications. My polycystic ovary (PCO)
reprint file, starting with the earliest articles, is contained in more than 9 linear
feet of letter-file boxes, which I will happily bequeath to anyone with the soul
(and space) of a librarian.
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2 Goldzieher

Il. PERCEPTIONS

The first description of enlarged, smooth polycystic ovaries is apparently that of
Chereau [2] in 1844. This report was followed by other European observations
in the second half of the 19th century, including the description of hyperthecosis
in 1897 [3]. Many gynecologists recommended unilateral or bilateral ovariectomy
or wedge resection (Gusserow, Martin, Wiedow, Zweifel, and others). Similar
recommendations were made in the United States in 1872 by Battey and others,
some of whom preferred the more conservative wedging procedures to oophorec-
tomy [4]. The situation crystallized in 1935 with Stein and Leventhal’s article
[5], which associated a particular symptomatology with the ovarian changes and
reported a highly successful outcome of their wedging procedure.

Naturally, gynecologists were delighted to have a readily identifiable syn-
drome that produced a candidate for remedial surgery which was effective and
long-lasting [6]. Later, endocrinologists also became involved as their steroid
methodology and biological insights, especially as related to hyperandrogenism,
developed.

Alas, the simplicity was not to last, much to the annoyance of Irving Stein
[7]. The “‘syndrome’’ dissolved: Polycystic ovaries were found associated with
other ovarian pathologies, such as hilus cell tumors and hyperthecosis, and also
with nonovarian hyperandrogenism of various types, such as adrenal hyperplasia
and Cushing’s syndrome. Even the histology [8] of PCO was found to be incon-
sistent [9—12]. On the other hand, typical polycystic ovaries were found to exist
without any symptoms at all [9] and in fact were later shown to be present (by
ultrasound) in a significant percentage of ‘‘normal’’ women (some of whom actu-

Table 1 1962 Review of Literature: Incidence
of Signs and Symptoms in PCO

Incidence (%)

Observation No. cases Average Range
Obesity 344 33 16-49
Hirsutism 457 56 17-83
Virilization 204 17 0-31
Amenorrhea 350 47 19-77
Irregular menses 289 21 0-19
Regular menses 253 16 7-28
Infertility 296 75 35-94
Corpus luteum 322 19 0-71
Biphasic BBT 77 13 14-40

Source: Ref. 8.
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Historical Perspectives 3

ally had subtle endocrine disorders [1]). The wide spectrum and variable fre-
quency of symptoms associated with surgically proven polycystic ovaries de-
stroyed hopes of establishing a consistent clinical picture (Table 1) as shown
by a comprehensive review of the literature until 1962 [8]. When ultrasound
examination became available, the situation expanded even more [13]. This tech-
nology at least made it possible to standardize what was to be called a polycystic
ovary [14-16] and to exclude, for example, the multicystic ovaries sometimes
found in children [17].

lll. PREVALENCE

The data of Table 1 are seriously flawed by selection bias: They really summarize
the clinical symptomatology which sufficed to justify surgical intervention in
those years. Other statistical problems were emphasized by Donesky and Adashi
[18]. Subsequently, laboratory data such as elevated luteinizing hormone (LH)
levels or LH/follicle stimulating hormone (FSH) ratios as well as increased an-
drogen production expanded the criteria, although Givens in 1976 [19] found a
continuum of LH values in PCOS, and the same was found by many others for
elevated androgens. By clinical and laboratory assessment in 369 consecutive
women ages 18—45 seen for a routine physical, Knochenhauer et al. [20] identi-
fied 4.7% of Caucasians and 3.4% of African Americans as meeting their clinical
criteria of PCOS.

The introduction of ultrasonography changed the perspective entirely. A
number of large studies of normal women have yielded PCO prevalences ranging
from 16 to 33% [21-24]. Prevalences associated with various symptoms have
been described by Franks [25] and others: menstrual dysfunction, from 53 [22]
to 94% [25]; hirsutism, from around 64% in many populations [25] to as little
as 10% or less in Asians [26]; among those seeking simply electrolysis, over
12% [27]; acne, 37% [28]; hypothyroidism, 36% [22]; and type 2 diabetes, 82%
[29]. Patients complaining primarily of infertility have such a variety of pathoge-
netic factors that a simple estimate of PCO prevalence is not really meaningful,
but McGoogan’s literature review of PCO yielded an overall incidence of 1.1%
[30] of all sterility cases. Far from being the uncommon entity originally en-
visioned, conditions associated with polycystic ovaries turn out to be a wide-
ranging, major area of concern in reproductive endocrinology and in general me-
tabolism studies as well.

IV. THE EVOLUTION OF LABORATORY PARAMETERS

In the face of an inconstant clinical picture (and, eventually, with the wide variety
of conditions sonographically associated with polycystic ovaries), it was reason-
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4 Goldzieher

able to seek greater diagnostic sensitivity and specificity as well as insight into
the abnormal endocrinology by means of laboratory investigations. The very
early steroid studies of simple hirsutism and other hyperandrogenic conditions
indicated that elevated urinary 17-ketosteroids and, occasionally, glucocorticoids
were associated with polycystic ovaries [31] and that many, but not all, changes
in these parameters were normalized by wedge resection [8]. They also indicated
a likelihood that adrenal malfunction was often involved as well, and laboratory
studies of the effect of adrenal versus ovarian stimulation or suppression [32,33]
attempted to distinguish the source of hyperandrogenism, which turned out to be
of combined origin in about half the cases with the rest evenly divided between
just ovarian or just adrenal sources. Rosenfield et al. [34] believe combined origin
occurs in only one-third of cases.

Once again, however, the problem proved not to be simple. While some
diagnostic reliance was placed on elevated LH levels or increased LH/FSH ratios,
later studies such as those of Robinson et al. [35] and Eden [36] found these
parameters to be present in less than 50% of cases (as high as 70% for Obhrai
et al. [37]), whereas Dunaif et al. [38] found ratios as low as 0.3. Adams et al.
[39], Robinson et al. [35], Fox et al. [40], and others found plasma testosterone
(T) and/or androstenedione elevation in up to 78% of PCO patients; Carmina et
al. [41] found elevated DHEAS in 70% and 11(3-hydroxyandrostenedione (11-
OHA) in 53%. On the other hand, Clayton et al. [23] found the median values
of testosterone and androstenedione to be normal in their PCO patients, and Rodin
[42] found free testosterone to be no better an indicator than total T.

11B-Hydroxyandrostenedione is known to be an important secretory prod-
uct of the adrenal, produced either by 11-hydroxylation of androstenedione or
by 17,20 desmolase action on the C,; substrate [43]; however, some is produced
by peripheral enzymatic cleavage of cortisol [44].

In the early 1970s we received an antibody steroid specific for 11-OHA
[45] from P. N. Rao of Len Axelrod’s group at our Institution which promised
to be a selective indicator of adrenal androgen synthesis. If it could be shown to
move in parallel with androstenedione in ovariectomized women, we would have
an excellent, specific way to distinguish adrenal from ovarian androgen (particu-
larly androstenedione) production. (It would not necessarily parallel testosterone
production.) We undertook an extensive series of clinical studies, at the end of
which we started to exchange plasma samples with Jiirgen Hammerstein of Ber-
lin, who had an 11-OHA antibody of his own. Highly discordant results were
obtained and ultimately they were traced to an imperfection in our antibody,
which cross-reacted unpredictably with some apparently nonsteroid substance in
various plasmas. This effectively destroyed any interpretation of our results—a
catastrophic and depressing end to several years’ work. A decade later, Hammer-
stein and his colleagues demonstrated ovarian secretion of 11-OHA by direct

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRrceL DekkeR, INc. dﬂ
270 Madison Avenue, New York, New York 10016 0



Historical Perspectives 5

vein catheterization [46] and after another decade others also took up the explora-
tion of plasma 11-OHA levels and cell biosynthesis [41]. Owen et al. [47] con-
firmed the elevated plasma 11-OHA levels in PCO patients and showed, in incu-
bations of granulosa cells, that 11-hydroxylase activity was absent and inferred
that the biosynthesized ovarian 11-OHA was produced by cleavage of cortisol
(present in high concentrations in surgically stressed patients) rather than by 11-
hydroxylation of androstenedione. However, ovarian 17,20-desmolase activity
on substrate cortisol was not demonstrated either. In any event, the hope that 11-
OHA might be a specific indicator of adrenal androgenic activity was not realized
until 1992 [48].

Very recently, Turhan et al. [50] undertook a logistic regression analysis
of the diagnostic sensitivity and reliability of various laboratory parameters and
found that free T was useful and an LH or LH/FSH ratio of 2.5 or even 3 was
accurate in only 63%, but that the combination of this ratio with plasma insulin
levels had the best predictive value. There is at the present time no consensus
as to what set of laboratory parameters is the most useful and cost-effective in
the diagnosis of the polycystic ovary syndrome [22].

A. Steroidogenesis

Early on, urinary steroid excretion and, subsequently, steroid levels in blood indi-
cated a dual source of abnormalities in many cases of PCOS. In particular, both
ovary and adrenal were eventually shown by direct venous catheterization to
secrete an excess of androgens [46,50]. Studies of steroidal content of ovarian
cyst fluid and in vitro incubations of polycystic ovary tissue minces in the 1960s
[51,52] demonstrated (1) aromatase deficiency (which was shown much later to
be a secondary phenomenon [53-55]) and (2) excessive production of andro-
stenedione as well as other androgens [34]. Defects in 17-hydroxylation and
3B-ol dehydrogenase activity [56] were subsequently shown to occur in both
ovaries and adrenals; adrenal 21-hydroxylase deficiency has also been shown in
PCO patients [22] as well as 11B-hydroxylase deficiency in idiopathic hirsutism
and PCO [22,57] and also increased Sa-reductase in PCO follicles [58]. More
recent studies of tissue and cell steroidogenesis and its deficiencies are presented
elsewhere in this book.

B. Chronobiology

Clinical observations have long suggested a hereditary factor (also observed in
patients’ male kin and in hereditary baldness), suggesting a modified dominant
form of inheritance in polycystic ovary syndrome [59,60].

However, another, nongenetic early-onset factor has been revealed by a
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series of studies of the endocrinology of puberty and adolescence. The group of
Italian investigators studying these phenomena [61] and their relation to PCO
have shown that the exaggerated 24-h periodicity of LH secretion that is typical
of puberty disappears normally with time, but persists in anovulatory adolescents
[62]. Further, children with premature pubarche show exaggerated stages of ovar-
ian androgen synthesis [62], and functional ovarian hyperandrogenism is also
seen in adolescents [62,63]. Both FSH-secretion abnormalities and adrenal hyper-
responsiveness have been demonstrated in this age group [63]. These similarities
appear to provide a bridge to the older age group which is most often surveyed
for polycystic ovaries [64].

C. Carbohydrate Metabolism

The ‘‘Achard-Thiers’” syndrome (‘‘diabéte des femmes a barbe’’) of adrenal hy-
perandrogenism and diabetes was actually described before the 1921 report of
these authors [65]; sclerotic ovaries were noted. However, it was not until 1976,
with description of the HAIR-AN syndrome [66] by Kahn et al. and the reports
of Burghen et al. [67] in 1980, that the association of PCOS, obesity, and carbohy-
drate metabolism abnormalities was given serious attention. The increasing insu-
lin levels and IGF-1 activity present during normal puberty have been considered
to be inducing factors in the development of PCOS in susceptible (i.e., obese)
individuals [68,69]. A decrease in insulin sensitivity of 25 to 37% in lean subjects
with PCOS and 20-30% in obese patients has since been reported [70] and con-
firmed. Postbinding impairment of insulin-receptor-mediated signal transduction
resulting in a marked decrease in insulin sensitivity may be a unique feature of
PCOS [71]. This entire subject, particularly the complex relationship of insulin
resistance, hyperandrogenism, and obesity, has become a major area of interest
and research related to PCO in the past 2 decades and is reviewed in other chap-
ters in this book.

V. PATHOGENESIS

I have labored long and manfully to historicize and give proper attribution and
priority to the multitude of hypotheses which have been generated to explain the
pathogenesis and mechanisms associated with morphological polycystic ovaries
and polycystic ovary syndromes. I was taught long ago that ‘‘every original
idea has a pedigree.”” My efforts therefore might incur the risk of arousing territo-
rial instincts in friends and colleagues, a prospect I would rather avoid; I will
leave enumeration and summarization to historians with more courage than I
have [59].
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VI. THERAPEUTIC MODALITIES

The success of wedge resection and its immediate endocrine consequences (Table
2) [73] suggested that the effect was apparently due to reduction in functional
ovarian mass, and this is in keeping with the benefit of simple unilateral oophorec-
tomy [25,74]. Greenblatt demonstrated decades ago that this unilateral operation
worked and that the thickened capsule of the remaining polycystic ovary did not
interfere mechanically with ovulation, so it would not be expected to counteract

ovulation induction and, hence, fertility. However, popularity of the wedging

procedure was greatly lessened by reports of postoperative adhesion formation

Table 2 Results of Laparoscopic Surgery of Polycystic Ovaries

No.

1st Author Year  patients Procedure Menstr. % Ovul./Preg.
Palmer 1967 17 Unipolar EC 60 20
Neuwirth 1972 1 Unipolar EC 100 100
Campo 1983 45 Unipolar EC 45 41

12 Multiple biopsy 45 42
Gjonnaess 1984 62 Unipolar EC 92 69
Katz 1984 149 Sharp 96 75
Aakvaag 1985 58 Unipolar 72 N/A
Greenblatt 1987 6 Unipolar 83 67
Van der Weiden 1987 11 Unipolar 82 45
Sumioki 1988 7 Punch biopsy 86 57
Daniell 1989 85 CO, KTP laser 70 56
Huber 1989 8 ND:YAG laser 62 0
Kojima 1989 12 ND:YAG laser 83 58
Armar 1990 21 Unipolar EC 81 52
Gadir 1990 29 Unipolar EC 71 34
Sakata 1990 9 Unipolar EC 89 33
Tasaka 1990 11 Unipolar EC 91 36
Keckstein 1990 19 CO, laser 79 44

11 ND:YAG laser — 27
Gurgan 1991 7 Unipolar EC 71 57

10 ND:YAG laser 70 40
Rosmanith 1991 11 ND:YAG 73 36
Weise 1991 39 Unipolar EC — 59
Gurgan 1992 40 ND:YAG laser — 51
Naether 1994 206 Unipolar EC — 70
Heylen 1994 44 Argon laser 79 73

Overall: 54
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which interfered with later fertility [75—77]. The conservatism of some gynecol-
ogists is seen in that a discussion of wedge resection did not even appear in
TeLinde’s textbook until the 1953 edition [78]. This turned out to be somewhat
of an overreaction, as shown by a 1992 review of women who had had wedge
resections in the period 1956—1965 [79]. Preoperatively, 81% of patients were
oligomenorrheic; postoperatively this decreased to 61% and, in the latest decade
of follow-up, to 28%. Long-term follow-up, however, also highlighted an increas-
ing incidence of hypertension and diabetes.

Another factor in the decreased use of wedge resection was the advent of
antiestrogenic compounds such as MER-25, TACE, and clomiphene, the latter
a highly effective ovulation-inducing drug. In clomiphene-resistant cases the
addition of very small doses of a corticosteroid such as prednisone or dexa-
methasone was found to improve results. Wedge resection was now reserved
for clomiphene-resistant cases; another recourse was to administer gonadotropic
preparations (which improved progressively) [80] and optimize regimens for their
use in ovulation induction, including the use of growth hormone [81], taking into
account the marked hypersensitivity of the polycystic ovary to such stimulatory
procedures. Clomiphene had increased the incidence of twinning somewhat, but
gonadotropin therapy presented a much higher risk of multiple pregnancy and
hyperstimulation, occasionally with serious consequences. Efforts to avoid this
problem included prior ovarian suppression with oral contraceptives or GnRH
agonists or antagonists [82—85].

What goes around comes around: The use of the laparoscope and elec-
trocautery [86] revived interest in ovarian surgery, especially after 1984, when
Gjonnaess [87,88] reported ovulation in up to 96% and pregnancy in nearly 80%
of patients treated by this procedure. These results were confirmed by others [see
89,90]. The correction of menstrual irregularities persisted for long periods of
time [88], but signs of the prior endocrine malfunction could still be detected
[89]. Pregnancy occurrence tended to level off about 3 years postop [89,90]. The
overall average pregnancy rate was calculated as about 56% (range 20 to 87.5%)
by Donesky and Adashi [18].

Other investigators used multiple biopsy, capsule resection, or various
types of lasers with excellent results [91,92]. Eventually, the problem of adhesion
formation was raised again [93,94], but appeared to be less significant than with
the previously used wedging procedure. Moreover, Naether and Fischer [93] re-
ported that abdominal lavage and artificial ascites reduced the adhesion problem
even further.

Thus, the hyperandrogenism and the ovarian function problems can now
be addressed with a wide variety of therapeutic options, evidently with a high
degree of success. This is of course the paramount concern for the clinician.
Appropriate monitoring can avert or detect rare events such as endometrial malig-
nancy or androgenic tumors of various kinds. In addition, management must now
take into consideration the cardiovascular and carbohydrate-metabolism compli-
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cations that have come to the fore in recent years [95]. Clearly, the care of a
patient with PCOS, however defined, is a sophisticated affair.

I saw my first case of Stein—Leventhal syndrome during my gynecological

endocrinology training under Ed Hamblen at Duke University Hospital in Dur-
ham, North Carolina, in the summer of 1946. I was fascinated. Today, over 50
years later, the clinical and intellectual challenges of polycystic ovary problems
seem just as fascinating. May they be thus for you for at least another 50 years.
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. INTRODUCTION

Polycystic ovary syndrome (PCOS) is a heterogeneous disorder of chronic anovu-
lation and androgen excess that occurs with a prevalence in the female population
rate of approximately 4—6% [1]. Women with PCOS typically present for health
care because of immediate concerns about irregular bleeding, infertility, and/or
symptoms of androgen excess. The clinical response—generally oral contracep-
tives for oligomenorrhea, ovulation induction for infertility, and hirsutism treat-
ment—provides short-term relief and ignores the underlying pathophysiology.
In recent years, however, a longer term view has received increasing attention
because of accumulating evidence that the pathophysiological features of PCOS
may be associated with cardiovascular risk.

Are women with PCOS at increased risk for cardiovascular disease? At the
present time, the answer to this question is as follows: Women with PCOS have
a risk profile that would be predictive of a greater incidence of cardiovascular
disease, but available data on actual cardiovascular events do not definitively
support this prediction.

We first review background studies suggestive of a link between PCOS
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and cardiovascular risk. Second, we present results from a large, ongoing case-
control study of cardiovascular risk conducted by the authors. Third, we review
the limited data available on the relationship between PCOS and actual cardiovas-
cular events.

Il. BACKGROUND LITERATURE

In 1985, Wild and his colleagues [2] were the first to show that women with
PCOS had lower high-density lipoprotein (HDL) levels, higher low-density lipo-
protein (LDL)/HDL ratios, and higher triglyceride levels than regularly menstru-
ating control (Fig. 1). Since the PCOS women were heavier, it was possible that
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Figure 1 Cholesterol and lipid measurements in PCOS cases and controls.
(From 4.)
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these results could be explained by weight rather than PCOS status. Data from
a subsequent, confirmatory study, in which a small number (n = 13) of cases
and controls were matched by weight [3], confirmed these results. Slowinska-
Srzednicka and collaborators [4] drew attention to the role of insulin in the lipid
abnormalities observed in hyperandrogenic women with PCOS. These investiga-
tors compared 27 PCOS women with 22 eumenorrheic controls, stratified by
weight (obese vs. nonobese). Women with PCOS had significantly lower levels
of HDL2, higher levels of apolipoprotein B, and higher triglycerides. Multiple-
regression analysis within PCOS cases, adjusting for age, body mass index
(BMI), and sex steroids, revealed that fasting insulin was a significant explanatory
variable for total triglycerides and apolipoprotein Al. These results suggested
that insulinemia, independent of obesity, plays a role in the lipid disturbances of
PCOS. These results were also consistent with a 1992 study by Wild et al. [5],
in which 31 women with evidence of androgen excess were treated with a gonad-
otropin agonist for 3 months, which suppressed ovarian estradiol and testosterone.
Lipid profiles remained aberrant despite the sex steroid suppression and remained
correlated with insulin resistance. It was concluded that lipoprotein abnormalities
appeared to be associated more with insulin than with alterations in androgens
or estrogens.

In addition to lipids, cardiovascular risk factors such as type 2 diabetes and
hypertension have also been studied. Dahlgren et al. [6] evaluated a cohort of
33 older women (mean age of 50) who were found to have ovarian histopathology
typical of PCOS at wedge resection 22-31 years previously and also obtained
follow-up information on 132 age-matched controls. Thirty percent of cases and
56% of controls had reached menopause. Compared with controls, PCOS patients
had a higher prevalence of central obesity and a higher mean waist-to-hip ratio.
Cases were found to have a sevenfold higher incidence of diabetes and a three-
fold higher prevalence of treated hypertension than controls.

These investigators subsequently reported a statistical risk-factor model [7]
that applied their statistical estimates of the increase in risk factors (e.g., hyperten-
sion, diabetes, and waist-to-hip ratio) among PCOS women to existing models
linking these risk factors to myocardial infarction. Using such a statistical model,
they predicted a 4- to 10-fold increase in risk of myocardial infarction in women
with PCOS. As a purely statistical prediction model based on a small number of
cases, this study led to a prediction of excess risk that was far in excess of the
estimates provided by more recent studies, to be discussed below, that were based
on reported cardiovascular events.

An alternative approach to this question was taken by Birdsall et al. [8],
who evaluated 143 women who had undergone coronary angiography for investi-
gation of chest pain over a 2-year period. When the ovaries of these women
were examined by transvaginal ultrasound, 42% were found to have polycystic
appearing ovaries, which was twice the background prevalence of polycystic ap-
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pearing ovaries reported in a general population of women. Moreover, women
with polycystic appearing ovaries had more advanced coronary artery disease.

Given that the fundamental pathophysiological feature of PCOS in insulin
resistance, if PCOS women are unable to overcome their peripheral insulin resis-
tance by secreting excess insulin, they will have impaired glucose tolerance. This
may place them at risk for the development of frank type 2 diabetes. Indeed,
several recent studies have confirmed Dahlgren’s initial finding of increased dia-
betes prevalence among women with PCOS. Using data from the Nurse’s Health
Study Cohort, Solomon and collaborators [9] studied the association of abnormal
cycle length (as a marker of possible anovulation) and subsequent development
of type 2 diabetes. In this cohort of 106,000 women, 7,837 (7.4%), ages 18-22
years, reported a usual cycle length of >40 days or a cycle too irregular to esti-
mate. Over 6 years of follow-up, 344 cases of type 2 diabetes were confirmed.
The age-adjusted relative risk of type 2 diabetes in women reporting an abnormal
menstrual cycle length was 2.42 (95% confidence interval, 1.81-3.24). As well,
Legro and coworkers [10] reported prevalence rates of 31.5% for impaired glu-
cose tolerance and 7.5% for diabetes in a group of 254 women with PCOS. Look-
ing at this from the other direction, women with gestational diabetes appear to
demonstrate a high prevalence of PCOS features [11].

lll. RESULTS FROM UNIVERSITY OF PITTSBURGH
CASE-CONTROL STUDY

A large-scale epidemiological study of coronary heart disease (CHD) risk factors
in women with the diagnosis of PCOS has been ongoing at the University of
Pittsburgh since 1992. At that time, cohorts of PCOS cases and controls in the
Pittsburgh, Pennsylvania, region were identified. PCOS cases were defined retro-
spectively from a chart review of women seen between 1970 and 1990. A clini-
cal diagnosis of PCOS was defined by a combination of chronic anovulation and
androgen excess (clinical and/or biochemical). Normally cycling control
women, matched by age, race, and neighborhood, were identified from voter reg-
istration tapes and then contacted by telephone. From these procedures, 206
PCOS cases and 206 matched controls who were willing to undergo a current
clinical and endocrinological evaluation were studied. Our initial results were
reported in 1995 [12]. Selected demographic and clinical characteristics are
shown in Table 1 and selected outcome measures relating to cholesterol, lipids,
and triglycerides are shown in Table 2. An intentional decision was made not
to use weight-matched controls. This was done so that we would be able to study
the differences in body composition between cases and controls and also because
of practical considerations in recruiting weight-matched controls in a large-scale
study.
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Table 1 Selected Sociodemographic and Reproductive Factors in PCOS Case
and Matched Control Subjects

Case subjects Control subjects
(n = 206) (n = 206)
Race
White 185 (90%) 185 (90%)
Other 21 (10%) 21 (10%)
Currently smoking 46 (22%) 57 (28%)
Hysterectomy with bilateral oophorectomy () 10 (5%) 12 (5.8%)
Pregnancies (n) 1.57 = 1.7 2.02 = 1.7*
Age (years) 359 =74 372 =178
Education (years) 142 £22 144 £ 20
BMI (kg/m?) 30.5 (8.3) 26.3 (6.46)**
Waist/hip ratio 0.823 (0.14) 0.76 (0.07)***

Note: PCOS indicates polycystic ovary syndrome; BMI, body mass index. * P < 0.01.
*#* P < 0.001. #*#* P < 0.05.

As can be seen in Table 1, the body mass index was significantly higher
in PCOS women than in controls. The hip ratio, which has been associated with
insulin resistance, was also higher among PCOS cases than controls. Table 2
shows that PCOS cases had an adverse lipid profile, as reflected in higher total
cholesterol, higher HDL, and triglycerides as well as lower HDL and HDL2.
Multiple-regression analysis was performed to obtain estimates of the indepen-
dent effects of PCOS on lipids, controlling for BMI and other potentially con-
founding factors, including age, hormone use, and fasting insulin. After adjusting
BMI and these other variables, PCOS cases had total and LDL cholesterol levels

Table 2 Case-Control Comparisons for Salient Risk Factors

Case subjects Control subjects

(n = 206) (n = 206)
(Mean = SD) (Mean = SD) t df P
Total cholesterol (mg/dL) 1954 = 335 185.6 = 37.8 2.61 1.53 0.01
Total HDL cholesterol (mg/dL)  51.1 * 14.5 57.8 £ 145 —4.05 153 <0.0001
HDL (mg/dL) 7.8 *6.22 11.7 £ 734 =511 153 <0.0001
LDL cholesterol (mg/dL) 1184 = 31.5 110.7 £ 34.6 2.17 153 0.032
Fasting insulin (uWU/L) 235 = 17.9 13.6 = 8.7 4.8 94 <0.0001
Triglycerides (mg/dL) 129 + 88.8 859 * 634 558 153  <0.001
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that were 9.5 mg/dL and 9.9 mg/dL higher than controls, respectively, while
their HDL cholesterol level was 5.4 mg/dL lower than that of controls [12].

These data, while provocative, nonetheless beg the question: Do biochemi-
cal changes (i.e., lipids) translate into clinical events? To get closer to an answer,
we used carotid artery ultrasound scanning to assess intima-media thickness
(IMT) as a preclinical measure of atherosclerosis. In a pilot study of 16 premeno-
pausal women aged =40 years with a history of clinical PCOS and 16 age-
matched cycling controls [13], we found that the mean carotid IMT was signifi-
cantly greater for women with PCOS (Fig. 2).

We have now scanned 125 PCOS cases and 142 controls over a wider age
group. As shown in Figure 3, there is no difference in IMT in women less than
40 years of age, but the difference in IMT between PCOS cases and controls
increases with age after age 40 [14]. To control for the effects of age, BMI, and
LDL, multivariate linear regressions were performed (outcome variable: IMT).
As can be seen in Table 3, PCOS status still has a significant, independent impact
on PCOS status for women =45 years of age, even after adjusting for age and
BMI [14]. Interestingly, the addition of LDL, which itself has a significant impact
on IMT, does not alter or attenuate the estimated coefficient or significance of
PCOS.

These data raise the question of whether there is a relation between the
age-related changes in carotid IMT and age-related changes in lipid profiles. We
recently evaluated the age-specific risk profiles in women with PCOS and
matched controls [15]. Risk profiles were compared across four age groups (19—
24, 25-34, 35-44, and 45 years). After adjustment for BMI, hormone use, and
insulin levels, PCOS women had substantially higher LDL and total cholesterol
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Figure 2 Hypertension and diabetes in women previously diagnosed with poly-
cystic-appearing ovaries based on wedge resection. (From 6.)
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Figure 3 Predicted relative risk of myocardial infarction in PCOS women based

on a statistical model. (From 7.)

Table 3 Multiple Linear Regression Models
of the Effect of PCOS Adjusted for Age, BMI,

and LDL (N = 240)

=45
B Sig. B Sig.
PCOS 0.031 0.675 0.260 0.007
Age 0.029 0.006 0.020 0.152
PCOS 0.072 0.370 0.200 0.068
Age 0.034 0.001 0.030 0.030
BMI 0.017 0.002 0.019 0.002
PCOS 0.049 0.526 0.190 0.060
Age 0.034 0.001 0.024 0.079
BMI 0.018 0.001 0.017 0.008
LDL 0.001 0.039 0.002 0.155

Note: For bold entries P < 0.05; for bold and underlined

entries PCOS <0.10.

levels at each age group <45+ years. Above the age of 45, however, little differ-
ence was noted in risk factors between groups. From these data, one might specu-
late that long-standing exposure to adverse serum lipid concentrations in younger
women with PCOS may lead to preclinical atherosclerotic change when they get

older, even as their lipid profile improves.
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We have also explored further the issue of preclinical atherosclerosis by
conducting a pilot study of Electron Beam Computed Tomography (EBCT).
EBCT permits the noninvasive evaluation of aortic and coronary arterial athero-
sclerosis by providing a quantitative measure of coronary calcification [16]. Coro-
nary calcification correlates with the degree of atherosclerosis found on patholog-
ical exam and predicts incident cardiovascular events [17]. Coronary artery
calcification is an active, organized, and regulated process that occurs only when
other aspects of atherosclerosis are present. While calcified deposits are found
with greater frequency in elderly individuals and in advanced lesions, calcium
deposition may occur as early as the second decade of life, just after fatty streak
formation [18]. The presence of calcium is likely a marker for future cardiac
events, since it is an indicator of the total coronary artery atherosclerotic burden.
In our preliminary sample, women with PCOS were found to have measurable
levels of primary calcification twice as often as controls. Calcification was also
related to waist-to-hip ratio, fasting insulin, and lipid levels; however, PCOS
status appears to have an independent effect on coronary and aortic calcification
above and beyond these factors (unpublished data).

IV. CARDIOVASCULAR EVENTS AND POLYCYSTIC
OVARY SYNDROME

Thus far, we have presented data on risk factors for cardiovascular disease in
women with PCOS and preclinical measures of atherosclerosis. However, the
central question is whether PCOS during the reproductive years leads to subse-
quent cardiovascular events. In a recent study from the United Kingdom [19],
786 women diagnosed with PCOS between 1939 and 1979 were traced from
hospital records and followed for an average of 30 years. Histopathology at the
time of ovarian wedge resection was the major basis for diagnosis. Observed
death rates in these women were compared to expected death rates using standard-
ized UK mortality ratios. There were 59 deaths from all causes observed in the
PCOS group. This was not statistically different from the expected number of
deaths. Similarly, the number of all circulatory deaths in the PCOS group was
not statistically different from the expected number. Only the number of deaths
related to complications of diabetes was higher in the PCOS group, but the num-
bers here were extremely small. In a follow-up study [20], the same investigators
sent questionnaires to 345 cohort members from the initial PCOS sample and to
1107 control women obtained from the age—sex register at the same general prac-
tice. From these questionnaire data, it was found that the odds ratios (95% CI)
for coronary heart disease (CHD) was 1.5 (0.7-2.9) based on 15 CHD events in
the PCOS group. After adjusting for BMI, the odds ratio estimate was reduced to
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1.2 (0.5-2.6). The odds ratio for cerebrovascular disease was higher and reached
statistical significance [2.8 (1.1-7.1)]. The PCOS women also were found to have
significant underlying risk factors for circulatory disease, including an increase
in the prevalence of diabetes, hypertension, and high cholesterol.

These studies are extremely important, as they provide evidence that ap-
pears to contradict the accumulated data linking PCOS with increased cardiovas-
cular risk. As a possible explanation for the discrepant findings, we would point
out that case ascertainment based on anatomic and inpatient discharge records
may lead to a significantly underascertainment of PCOS syndrome as defined by
chronic anovulation and androgen excess in an outpatient population. Moreover,
23% of the women diagnosed with PCOS could not be traced. To the extent that
deaths in the untraceable group were higher than in the group that was traced,
there may be a downward bias in the estimates of mortality rates in the PCOS
group, although the authors did not believe that this was present. Further, a rela-
tive risk of 1.5 for cardiovascular disease is clinically significant, but was not
statistically significant in this study because of the limited number of events. The
issue of sample size becomes especially important when it is recognized that the
average age of the PCOS women in the two British studies was in the low 50s.
Thus, on average, they are not yet at an age when CV events occur more fre-
quently. With further follow-up of this cohort, more events will occur and it will
be valuable to see if the rate in women with PCOS continues to be 50% higher
than that in control women. Finally, the wedge resection itself may have altered
the mortality risk profile in these PCOS women, as this procedure is known to
be associated with long-term ovulation and in an associated return to normal
hormonal parameters [21,22].

M PCOS Cases
% Controls

All >3 >¥M >4 45 =5

Figure 4 Age-specific differences in intima-media thickness between PCOS
cases and controls. (From CHARM study unpublished data.)
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To address further the question of an association between PCOS and cardio-
vascular events, the authors are organizing a multisite study in the United States
in women who were first diagnosed with PCOS before 1985 and who are now
at least 45 years of age to be matched with eumenorrheic controls. Both groups
will then be traced to determine the relative risk of cardiovascular risks.

V. CONCLUDING COMMENTS

In clinical practice, women with PCOS are seen for three major reasons: infertil-
ity, menstrual regularity, and androgen excess. Treatment is typically targeted
at the immediate presenting complaint. However, to the extent that the chronic
anovulation, hyperandrogenemia, and insulin resistance associated with PCOS
leads to a metabolic profile similar to Syndrome X, it is perhaps more appropriate
to approach the management of PCOS as a chronic condition. In this regard,
behavioral weight control and exercise play an extremely important role. The use
of insulin-lowering drugs has been reported in short-term studies to have a bene-
ficial effect on endocrine parameters, lipids, and ovulation. The long-term impact
of these medications deserves to be explored if the link between PCOS and car-
diovascular disease becomes more firm.
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