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Dr. Palomba has done an outstanding job assimilating an exceptionally well- 
qualified and talented cohort of authors to write on the subject of fertility in women 
with polycystic ovarian syndrome (PCOS), which constitutes one of the most com-
mon endocrinopathies of reproductive aged women. The information provided is 
the most current evidence regarding the diagnosis and treatment of infertility in 
women with PCOS. In addition, there is in-depth discussion on new insights into the 
pathophysiology of this disease.

As so eloquently stated by Dr. Hatem Abu Hashim, who authored a chapter of 
this book outlining the role of laparoscopic ovarian drilling in women with PCOS, 
“Science, practice, and evidence are dynamic processes. A marvelous progress in 
the understanding of the pathophysiology and metabolic features of PCOS has been 
witnessed in the last two decades.” As our understanding of this disease has evolved, 
so too has our clinical definitions and strategies for the treatment of infertility in 
patients affected with PCOS.

The first several chapters of the book are focused on providing analysis of the 
diagnostic criteria and pathophysiology underlying infertility associated with 
PCOS. These chapters include “Diagnostic criteria for PCOS” by Dr. Francesco 
Orio; “Anovulation in women with PCOS” by Dr. Ujvala Rao; “Oocyte quality in 
PCOS” by Dr. Christine Decanter; “Endometrial receptivity in PCOS” by Dr. 
Giuseppe Benagiano; and “Infertility and subfertility cofactors in women with 
PCOS” by Dr. Tal Shavit. These chapters are comprehensive, very well written, and 
provide a wealth of knowledge to readers interested in gaining a better understand-
ing of the complexity of mechanisms underlying infertility in PCOS as well as the 
health implications associated with it. The subsequent chapters are extremely thor-
ough with in-depth discussions on medical, surgical, and alternative treatment strat-
egies of infertility in women with PCOS. These in turn are followed by a chapter, 
prepared by Dr. Coghlan, which distills down all the important information men-
tioned in the prior chapters. He does an excellent job describing evidence-based 
integrated strategies for enhancing fertility in PCOS.

Another very interesting chapter, written by Dr. John Nestler, discusses current 
evidence of inositol treatment and its role in improving fertility outcomes in women 
with PCOS. Dr. Nestler begins this chapter by outlining the intricate mechanisms 
underlying dysregulation of inositols in PCOS and the resulting consequences on 
insulin resistance, glucose uptake, ovarian androgen production, and glycogen 
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synthesis. This is followed by a detailed discussion on the metabolic and reproduc-
tive benefits of myo-inositol and d-Chiro-inositol treatment, alone or in combina-
tion, in PCOS.

Women with PCOS are at higher risk for developing ovarian hyperstimulation 
syndrome (OHSS). Dr. Melanie Walls, in her chapter “In vivo maturation” (IVM), 
introduces the utility of IVM for patients with PCOS, which can eliminate the 
potential risk of OHSS. She then very thoroughly summarizes different protocols 
and treatment regimens, as well as hormonal priming and culture conditions utilized 
in IVM, with a specific focus on their clinical outcomes.

Once conception occurs, adverse pregnancy and perinatal outcomes are more 
common in women with PCOS. These complications and their underlying patho-
physiology are discussed in the final chapter “Complications of pregnancy” by Dr. 
Palomba.

To conclude, Dr. Palomba’s book is an excellent contribution to our understand-
ing of the complexities underlying the pathophysiology, diagnosis, and treatment of 
infertility in women with PCOS. The text is well organized and will serve as an 
excellent resource for both clinician and researcher alike.

Anthony M. DeAngelis
Resident Physician in Obstetrics and Gynecology

Danbury Hospital – Western Connecticut Health Network 
24 Hospital Avenue, Danbury, CT, 06810, USA

Alan H. DeCherney, MD
Head Program in Reproductive and Adult Endocrinology 

Eunice Kennedy Shriver National Institute of Child Health  
and Human Development, National Institutes of Health 

10 Center Drive, Bldg10, CRC, Rm 1-3140 
Bethesda, MD, 20892, USA
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Preface

Although the study of polycystic ovary syndrome (PCOS) was “my topic” for more 
than 15 years, the idea to write a book about infertility in women with PCOS came 
to me during 2015 when, participating in many meetings, courses, and congresses 
on the treatment of infertility, I realized that there was a lack of awareness of the 
syndrome among medical staff specialized in reproductive medicine, particularly 
with regard to assisted reproduction technologies (ARTs).

At first glance, the current book could be considered to consist merely of 
evidence- based guidance about the pathogenesis of infertility in women with PCOS 
and its treatment. However, it should not only be considered a technical tool to 
employ in clinical practice, but also as a cultural basis for approaching and under-
standing the new and future basic and clinical studies on infertility related to PCOS.

Anovulation, oocyte quality, and endometrial competence in women with PCOS 
are discussed in depth, along with almost all aspects of the infertility and subfertility 
cofactors potentially present in infertile patients with PCOS, including the impact 
and the interaction of PCOS phenotypes with regard to the reproductive outcome. 
From a therapeutic point of view, the book includes chapters on the classical medi-
cal treatments for treating PCOS-related ovulatory dysfunction (such as clomiphene 
citrate, letrozole, metformin, and gonadotrophins), in addition to new and potential 
therapeutic approaches, such as natural insulin sensitizers (i.e., inositol), acupunc-
ture, dietary supplements, and traditional Chinese medicine. Strong emphasis is 
placed on the nonpharmacological approach (i.e., diet and physical activity), which 
is crucial for obese and overweight patients, and on the use of a more invasive 
approach, including controlled ovarian stimulation for in vitro fertilization with or 
without in vitro maturation of oocytes. Significant effort has been made to clarify 
that reproductive success can be achieved not by evaluating the available treatments 
individually, but as a concert of options to modulate in specific strategies tailored to 
patient characteristics.

Finally, the acknowledgements. I would like to thank all the authors who agreed 
to participate in the preparation of the chapters for the immeasurable help they gave 
me, for the many things they taught me, and for the patience they have had in fol-
lowing my comments and suggestions. I would also like to thank my family, and 
especially my son Francesco, whom I have denied so much precious time.

Reggio Emilia, Italy Stefano Palomba



ix

Contents

Part I Diagnosis, Pathophysiology, and Pathogenesis

 1  Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    3
Stefano Palomba

 2  Diagnostic Criteria for PCOS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   11
Francesco Orio and Giovanna Muscogiuri

 3  Anovulation in Women with PCOS . . . . . . . . . . . . . . . . . . . . . . . . . . . .   23
Ujvala Rao and Roy Homburg

 4  Oocyte Quality in PCOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   31
Christine Decanter

 5  Endometrial Receptivity in PCOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   41
Giuseppe Benagiano, Paola Bianchi, and Ivo Brosens

 6  Infertility and Subfertility Cofactors in Women with PCOS . . . . . . .   63
Tal Shavit and Togas Tulandi

 7  PCOS Phenotypes: Impact on Fertility . . . . . . . . . . . . . . . . . . . . . . . . .   81
Enrico Carmina

 8  Follicle Excess and Abnormalities in Women with PCOS: 
Pathophysiology, Assessment and Clinical Role . . . . . . . . . . . . . . . . . .   89
Agathe Dumont, Pauline Plouvier, and Didier Dewailly

Part II Medical Treatments

 9  Antiestrogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109
Richard S. Legro

 10  Aromatase Inhibitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119
Nivin Samara and Robert F. Casper

 11  Insulin-Sensitising Drugs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135
Stefano Palomba, Angela Falbo, and Giovanni Battista La Sala



x

 12  Gonadotrophins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153
Sophie Christin-Maitre

Part III Lifestyle Management and Other Treatment Approaches

 13  Lifestyle Interventions and Natural and Assisted Reproduction 
in Patients with PCOS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169
Renato Pasquali

 14  Dietary Supplements, Phytotherapy and Chinese Herbal  
Medicine in PCOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  181
Xiao-Ke Wu and Ernest HY Ng

 15  Laparoscopic Ovarian Drilling  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  195
Hatem Abu Hashim

 16  Inositols  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  213
John E. Nestler and Antonio Simone Laganà

 17  Acupuncture  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  227
Elisabet Stener-Victorin, Anna Benrick, Romina Fornes,  
and Manuel Maliqueo

Part IV Controlled Ovarian Stimulation and In Vitro Oocyte Maturation

 18  Intrauterine Insemination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  249
Madelon van Wely

 19  Controlled Ovarian Stimulation for In Vitro  
Fertilisation Cycles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259
Raoul Orvieto

 20  In Vitro Oocyte Maturation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  271
Melanie L. Walls

Part V Integrated Strategies, Complications of Pregnancy, and Outlook

 21  Integrated Strategies for Enhancement of Fertility in PCOS . . . . . . .  289
Edwina Coghlan and Roger J. Hart

 22  Complications of Pregnancy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  305
Stefano Palomba and Bart C.J.M. Fauser

 23  Conclusive Remarks and Future Perspectives . . . . . . . . . . . . . . . . . . .  325
Stefano Palomba

 Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  331

Contents



xi

Giuseppe Benagiano Department of Obstetrics, Gynaecology and Urology, 
Sapienza, University of Rome “La Sapienza”, Rome, Italy

Anna Benrick Department of Physiology, Institute of Neuroscience and 
Physiology, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden

School of Health and Education, University of Skövde, Skövde, Sweden

Paola Bianchi Department of Medico-Surgical Sciences and Translational 
Medicine, Sant’Andrea Hospital, Faculty of Medicine and Psychology, University 
of Rome “La Sapienza”, Rome, Italy

Ivo Brosens Faculty of Medicine, Catholic University of Leuven, Leuven, Belgium

Enrico Carmina Department of Health Sciences and Mother and Child Care, 
University of Palermo, Palermo, Italy

Robert F. Casper Division of Reproductive Sciences, University of Toronto, 
Toronto, ON, Canada

Lunenfeld-Tanenbaum Research Institute, Mount Sinai Hospital, Toronto, ON, 
Canada

Toronto Centre for Advanced Reproductive Technology Fertility Partners, Toronto, 
ON, Canada

Sophie Christin-Maitre Reproductive Endocrine Unit, Hôpital St. Antoine, 
AP-HP, University Pierre and Marie Curie, Paris, France

Unité INSERM U933, Paris, France

Edwina Coghlan King Edward Memorial Hospital, Perth, WA, Australia

Christine Decanter Centre d’Assistance Médicale à la Procréation et de 
Préservation de la Fertilité, Hôpital Jeanne de Flandre, EA 4308 “Gamétogénèse et 
Qualité du Gamète”, Centre Hospitalier Universitaire de Lille, Lille, France

Didier Dewailly Service de Gynécologie Endocrinienne et de Médecine de la 
Reproduction, Hôpital Jeanne de Flandre, Lille, France

Contributors



xii

Agathe Dumont Service de Gynécologie Endocrinienne et de Médecine de la 
Reproduction, Hôpital Jeanne de Flandre, CHRU Lille, Lille, France

Angela Falbo Unit of Gynaecology and Obstetrics, IRCCS–Arcispedale Santa 
Maria Nuova, Reggio Emilia, Italy

Bart C.J.M. Fauser Department of Reproductive Medicine and Gynecology, 
University Medical Center Utrecht, Utrecht, The Netherlands

Romina Fornes Department of Physiology and Pharmacology, Karolinska 
Institutet, Stockholm, Sweden

Roger J. Hart School of Women’s and Infants’ Health, University of Western 
Australia, Perth, WA, Australia

Bethesda Hospital, Perth, WA, Australia

School of Women’s and Infants’ Health, King Edward Memorial Hospital, Perth, 
WA, Australia

Hatem Abu Hashim Department of Obstetrics and Gynaecology, Faculty of 
Medicine, Mansoura University, Mansoura, Egypt

Roy Homburg Homerton Fertility Centre, Homerton University Hospital NHS 
Foundation Trust, London, UK

Antonio Simone Laganà Unit of Gynecology and Obstetrics, Department of 
Human Pathology in Adulthood and Childhood “G. Barresi”, University of Messina, 
Messina, Italy

Richard S. Legro Department of Obstetrics and Gynecology and Public Health 
Sciences, Penn State College of Medicine, Hershey, PA, USA

Manuel Maliqueo Department of Physiology and Pharmacology, Karolinska 
Institutet, Stockholm, Sweden

Endocrinology and Metabolism Laboratory, West Division, School of Medicine, 
University of Chile, Santiago, Chile

Giovanna Muscogiuri Ios and Coleman Medicina Futura Medical Center, Naples, Italy

John E. Nestler Department of Internal Medicine, Medical College of Virginia, 
Virginia Commonwealth University, Richmond, VA, USA

Ernest HY Ng Department of Obstetrics and Gynaecology, First Affiliated 
Hospital, Heilongjiang University of Chinese Medicine, Harbin, China

Department of Obstetrics and Gynaecology, The University of Hong Kong, Hong 
Kong, China

Francesco Orio Department of Sports Science and Wellness, “Parthenope” 
University Naples, Naples, Italy

Raoul Orvieto Department of Obstetrics and Gynecology, Chaim Sheba Medical 
Center (Tel Hashomer), Ramat Gan, and Sackler School of Medicine, Tel Aviv 
University, Tel Aviv, Israel

Contributors



xiii

Infertility and IVF Unit, Department of Obstetrics and Gynecology, Chaim Sheba 
Medical Center (Tel Hashomer), Ramat Gan, Israel

Stefano Palomba Unit of Gynaecology and Obstetrics, IRCCS–Arcispedale Santa 
Maria Nuova, Reggio Emilia, Italy

Renato Pasquali Division of Endocrinology, Department of Medical and Surgical 
Sciences, University Alma Mater Studiorum, S. Orsola-Malpighi Hospital, Bologna, 
Italy

Pauline Plouvier Service de Gynécologie Endocrinienne et de Médecine de la 
Reproduction, Hôpital Jeanne de Flandre, CHRU Lille, Lille, France

Ujvala Rao Homerton Fertility Centre, Homerton University Hospital NHS 
Foundation Trust, London, UK

Giovanni Battista La Sala Unit of Gynaecology and Obstetrics, IRCCS–
Arcispedale Santa Maria Nuova, Reggio Emilia, Italy

University of Modena and Reggio Emilia, Modena, Italy

Nivin Samara Division of Reproductive Sciences, University of Toronto, Toronto, 
ON, Canada

Lunenfeld-Tanenbaum Research Institute, Mount Sinai Hospital, Toronto, ON, 
Canada

Toronto Centre for Advanced Reproductive Technology Fertility Partners, Toronto, 
ON, Canada

Tal Shavit Department of Obstetrics and Gynecology, McGill University, Montreal, 
QC, Canada

Elisabet Stener-Victorin Department of Physiology and Pharmacology, 
Karolinska Institutet, Stockholm, Sweden

Togas Tulandi Department of Obstetrics and Gynecology, McGill University, 
Montreal, QC, Canada

Melanie L. Walls School of Women’s and Infant’s Health, The University of 
Western Australia, Perth, WA, Australia

Madelon van Wely Center for Reproductive Medicine, Academic Medical Center, 
University of Amsterdam, Amsterdam, The Netherlands

Xiao-Ke Wu Department of Obstetrics and Gynaecology, First Affiliated Hospital, 
Heilongjiang University of Chinese Medicine, Harbin, China

Department of Obstetrics and Gynaecology, The University of Hong Kong, Hong 
Kong, China

Contributors



Part I

Diagnosis, Pathophysiology, and Pathogenesis



3© Springer International Publishing Switzerland 2018
S. Palomba (ed.), Infertility in Women with Polycystic Ovary Syndrome,  
https://doi.org/10.1007/978-3-319-45534-1_1

S. Palomba  
Unit of Gynecology and Obstetrics, IRCCS–Arcispedale Santa Maria Nuova,  
Viale Risorgimento 80, 42123 Reggio Emilia, Italy
e-mail: stefanopalomba@tin.it

1Introduction

Stefano Palomba

Polycystic ovary syndrome (PCOS) is a very heterogeneous and complex disorder 
characterized by oligo-anovulation, hyperandrogenism and/or hyperandrogenemia, 
and polycystic ovarian morphology (PCOM) [1–3]. Moreover, throughout the years, 
its definition remains controversial. In 2012, an expert panel from the NIH Evidence- 
Based Methodology Workshop on PCOS [4] recommended that clinicians use the 
Rotterdam criteria for diagnosis of PCOS [2]; the same recommendation was also 
given subsequently in the practical guidelines of the Endocrine Society [5].

The syndrome affects a considerable but variable proportion of women in repro-
ductive age. Specifically, the prevalence of PCOS according to the 1990 National 
Institutes of Health (NIH) criteria is 6–10% but it is at least double using broader 
Rotterdam or Androgen Excess-PCOS Society criteria [6].

The interest in PCOS has covered several peculiar aspects, including those repro-
ductive, cosmetic, and medical [7, 8]. Similarly, several task forces, committees, 
and groups of special interest have produced many papers on the PCOS, its diagnos-
tic criteria, its short- and long-term health consequences, and its therapeutic man-
agement [1–3, 5, 9–12]. Moreover, during the years, less interest and space have 
been given to the fertility concerns associated to the syndrome and even more inter-
est have been observed for its metabolic and cardiovascular long-term health conse-
quences [12]. For example, the last consensus document on infertility treatment in 
women with PCOS has been published more than 8 years ago [11]. This is partially 
due, as detailed below, to the difficulty to characterize the infertile patient with 
PCOS and to integrate specific PCOS-related features with largely accepted strat-
egy for treating infertility. On the other hand, for example, many interventions in the 
assisted reproductive technologies (ARTs) are translated to patients with PCOS 
considering simplistically that they are “high-responder” patients, whereas the 
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clinical practice highlights that many obese patients with PCOS with non-PCOM 
phenotype have frequently a poor response to gonadotrophin administration  
[13, 14].

An issue particularly important for approaching infertility in PCOS is the defini-
tion of the specific PCOS phenotypes since the variability in hormonal and meta-
bolic abnormalities among PCOS phenotypes could influence the reproductive 
outcome. It has been also proposed provocatively to distinguish the syndrome in a 
“metabolic phenotype” and in a “reproductive phenotype” [15]. However, it is very 
probable that severe metabolic phenotypes are closely related to worst reproductive 
outcomes and vice versa [7]. International guideline [5] underlines no need to define 
formally the PCOS phenotype in the clinical practice and that PCOS is a risk factor 
for infertility only in the presence of oligo-anovulation. Conversely, the precise 
knowledge of PCOS phenotype, and its comorbidities (i.e., obesity, insulin resis-
tance, etc.), is crucial in infertile patients in order to optimize and personalize the 
management of the patient [7]. In addition, even if the presence of ovarian dysfunc-
tion has a clear “weight” on the reproductive potential in patients with PCOS, other 
subclinical dysfunctions, including alterations in endometrial (Table 1.1) and oocyte 
[16] competence, cannot be leave out.

Table 1.1 Main endometrial abnormalities observed in patients with PCOS

Finding Proposal mechanism
Reduced endometrial expression of 
SHBG

Abnormal steroid milieu for increased free androgens

Reduced serum IGFBP-1/
glycodelin levels

Abnormal mitotic activity for IGF-1 action/decreased 
immune-suppression (Th1)

Reduced endometrial expression of 
GLUT-4

Abnormal metabolic activity of the endometrial cell for 
hypoglycemia

Reduced Rabs and WASP proteins Impaired cell surface GLUT-4 vesicle exposure and the 
consequent glucose uptake in the endometrium

Increased AR/ORalpha or no 
downregulation in luteal phase

Abnormal steroid milieu

Decreased endometrial αvβ3 
integrin expression

Impairment of the cell-cell and cell-extracellular matrix 
interactions during the window of implantation

Decreased endometrial HOXA-10 
expression

Reduced pinopode number/upregulation of the integrin 
expression (β subunit)

Reduced endometrial IGFBP-1 
expression

Endometrial epithelial and stromal dysfunction for 
increased mitotic activity for IGF-1 action

Over-expression of steroid receptor 
coactivators

Increased endometrial proliferation

Abnormal gene expression pattern 
in luteal phase

Progesterone resistance and elevated estrogen activity 
with reduced decidualization

Abnormal gene expression pattern 
in the window period

Impaired window of implantation with abnormal 
blastocyst-endometrium interaction

Abnormal vascularization Impaired metabolism and chromosomal alterations 
related to hypoxia

AR androgen receptor, OR estrogen receptor, GLUT-4 glucose transmembrane protein 4, IGFBP-1 
insulin growth factor binding protein 1, SHBG sex hormone-binding globulin
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A secondary analysis [17] of the data from the Pregnancy in Polycystic Ovary 
Syndrome I and II (PPCOS-I and PPCOS-II) trials [18, 19] on a total of 1376 infer-
tile women with PCOS demonstrated that a younger age, lower baseline free andro-
gen index and insulin, shorter duration of attempting conception, and higher baseline 
sex hormone-binding globulin (SHBG) significantly predict at least one pregnancy 
outcome. This study underlines that the prognosis of infertile women with PCOS is 
a combination of the classical and general prognostic factors with specific factors 
related to PCOS. Thus, a good clinician should always consider both in case of 
infertility in women with PCOS.

When the impact on infertility of the dyads of PCOS features is formally consid-
ered, no difference is showed between anovulation plus hyperandrogenism and 
anovulation plus PCOM [6]. Moreover, in the infertility field, “PCOM” means a 
very high antral follicle count (AFC, more than 12 per ovary). Interesting data dem-
onstrated that the pregnancy and live birth rates are significantly and clinically bet-
ter in patient with PCOM without clinical manifestation of PCOS in comparison 
with normal controls [20]. Also recent clinical data [21] demonstrated a better ongo-
ing pregnancy rate in women with PCOM compared to non-PCOM controls. 
Interesting in vitro fertilization (IVF) data [22] demonstrated a significant relation-
ship between AFC and reproductive outcomes with the high odds of pregnancy 
between 11 and 23 follicles, very close to cutoff used for PCOM diagnosis (Fig. 1.1). 
In 2013, Wiser et al. [23] demonstrated a different trend in the decline of the antral 
follicles in PCOS patients when compared to controls. That data seems to suggest 
an extended fertile window in women with PCOS. Moreover, a large cohort study 
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[24] of the Society of Assisted Reproductive Technology (SART) showed an overall 
difference in pregnancy rate between infertile patients with PCOS and with tubal 
factor of 5%. That difference resulted clinically significant even between patients 
aged 38 and 40 years [adjusted odd rate (aOR) 1.24, 95%CI 1.08 to 1.43] [24]. The 
evaluation of biological and clinical outcomes in women with PCOS treated with 
IVF categorized according to PCOS phenotypes demonstrated that PCOM pheno-
types had better outcomes in comparison with non-PCOM phenotype, although that 
differences disappeared after adjusting data for women’s age and body mass index 
(BMI) [25].

More and more studies in literature are aimed to assess the role of the anti- 
Mullerian hormone (AMH) in the pathophysiology of PCOS [26] and as effective 
tool to diagnose the antral follicular excess in women with and without PCOS and 
PCOM [27]. A role of the AMH assay has been also suggested as criterion of PCOS 
[28]. Moreover, AMH concentrations seem to be an effective predictor of pregnancy 
and live birth rates only in women with PCOS without PCOM [25].

It is crucial for the clinicians to understand that also in women with PCOS, the 
ovarian reserve evaluation is important for the strategy of management and for the 
results. All patients with PCOS should be not considered always patients with a 
“high reserve,” and even in these infertile patients the role of a high AFC and of high 
concentrations of AMH can be important predictors of the number of oocyte yield 
in patients, as demonstrated in in vitro maturation (IVM) cycles [29].

Epidemiological findings about the fertility in women with PCOS are also con-
troversial. No long-term data demonstrating that PCOS patients are more infertile 
than general population are actually available. A recent large register study [30] 
showed that women with PCOS at hospital admission have a diagnosis of infertility 
and require fertility investigation ten- and eightfold, respectively, more frequently 
than non-PCOS controls. However, cohort studies suggest that women with PCOS 
have, at the end of their reproductive life, the same potential of non-PCOS women 
[31]. In particular, after a long-term follow-up, no difference between PCOS and 
healthy controls was observed in the proportion of women with at least one child 
(86.7% vs. 91.6%, respectively) and, surprising, with at least one spontaneous preg-
nancy (67.5% vs. 73.6%) [31]. A meta-analysis of randomized controlled trials 
(RCTs) demonstrated that subfertile patients with PCOS who received IVF cycles 
have not significantly difference in terms of reproductive performance when com-
pared to non-PCOS controls [32].

The primary endpoint in reproductive medicine is a healthy mother with a 
healthy baby in arm, and all other clinical and/or biological outcomes would be 
considered only a surrogate [33, 34]. This concept is true also for infertile patients 
with PCOS. Moreover, only one published document [2] underlines the increased 
risk for adverse pregnancy and neonatal outcomes in women with PCOS and that 
the obstetric risk may be exacerbated by obesity and/or insulin resistance and sug-
gest a closer follow-up during pregnancy. A recent systematic review [35] confirms 
that women with PCOS exhibit a clinically significant increased risk of pregnancy 
and perinatal complications compared with non-PCOS controls. Even if not 
adjusted for BMI or other confounders, available data demonstrate at least a 
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twofold increased risk of pregnancy-induced hypertension and preeclampsia, ges-
tational diabetes, and premature delivery [35]. More limited and sparse data sug-
gest also an increased risk of neonatal morbidity [35]. At the moment, the exact 
etiopathogenesis for explaining that risk in women with PCOS is unknown, and it 
involves potentially relationship with genetic, environmental, clinical, and bio-
chemical factors [35]. However, longitudinal data [36] demonstrated that the inci-
dence of adverse events in women with PCOS varies according to the features and 
phenotypes of PCOS. Specifically, the risk of pregnancy complications resulted 
nonsignificant in non-hyperandrogenic and ovulatory phenotypes, whereas it was 
twofold increased in non-PCOM phenotype [36]. In other words, the presence of 
PCOM seems to be a protective factor in terms of incidence of pregnancy compli-
cations. This hypothesis seems to be confirmed since women with a full-blown 
PCOS phenotype showed a risk of adverse pregnancy complication slightly lower 
than those observed in non-PCOM/PCOS patients [36]. The analysis of each spe-
cific PCOS features confirmed that PCOM was not related to an increased risk, 
whereas oligo-amenorrhea and hyperandrogenemia were related to a risk four- to 
fivefold higher for pregnancy complications [36].

One of the main effectors of the increased risk of pregnancy complications in 
PCOS and non-PCOS patients is the placenta. Placenta function is crucial for the 
fetal growth and for the physiological metabolic changes of pregnancy. Data dem-
onstrated that the process of decidual trophoblast invasion is impaired in women 
with PCOS [37] and that the rate and the extent of abnormal macroscopic and 
microscopic findings in the placenta from uncomplicated pregnancies were 
increased [38]. Significant and indirect relationships between the incidence and 
extent of lesions and markers of biochemical hyperandrogenism and insulin resis-
tance suggest that these two factors may be the main determinants of the effects of 
PCOS on trophoblastic and placental tissue [37, 38]. In addition, that alterations 
vary among PCOS phenotypes [39]. A higher rate of abnormalities, both on the 
trophoblastic and on placental tissue, was observed in patients with full-blown and 
non-PCOM phenotypes, suggesting the importance of the role played by hyperan-
drogenism and high follicular excess (i.e., PCOM) as negative and positive predic-
tors, respectively, of favorable outcome [39].

On the other hand, a retrospective large analysis [40] showed an association 
between the number of oocytes retrieved and adverse obstetric outcomes of preterm 
delivery and children born with a low birth weight after IVF treatment. Specifically, 
women with more than 20 oocytes retrieved have a higher risk of adverse obstetric 
outcomes suggesting potential causative relationship with PCOS/PCOM [40]. 
Moreover, because no data were available about the gonadotrophin doses and pro-
tocol used, it is possible to conclude that an excessive ovarian stimulation is related 
with adverse pregnancy outcomes.

Based on these considerations, the importance of a transverse knowledge about 
the infertility and the PCOS in order to consider the specificities of the syndrome in 
the field of infertility/subfertility is clear. A recent online survey on the diagnosis 
and management of infertile patients with PCOS in IVF centers (http://www.ivf-
worldwide.com/survey/pcos-results.html) demonstrated that experts in infertility 
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treatments and in ART procedures have heterogonous and frequently wrong ideas 
and conceptions on the PCOS definition, diagnosis, and management. Thus, an up-
to-date knowledge on infertility in the context of the PCOS is probably needed and 
will be provided in the current book, and evidence-based guidance on its treatment 
will be also suggested. Anovulation, oocyte quality, and endometrium competence 
in women with PCOS will be deeply discussed in the next chapters. The aspects of 
the infertility and subfertility cofactors in infertile patients with PCOS, as well as 
the impact and the interaction of PCOS phenotypes on the reproductive outcome, 
will be approached. Not only the classical medical treatments for treating the PCOS-
related ovulatory dysfunction, including clomiphene citrate, letrozole, metformin, 
inositol, and gonadotrophins, but also other potential therapeutic approaches, such 
as laparoscopic ovarian drilling and acupuncture, will be reviewed. Careful and 
critical attention will be also devoted not only to the non- pharmacological approach 
such as the lifestyle interventions but also to the use of controlled ovarian stimula-
tion undergoing intrauterine insemination or IVF with or without IVM of oocytes. 
Finally, having in mind all potential and available treatments, it is particularly 
important that the strategy of treating infertility in women with PCOS should be 
considered as the simultaneous and/or sequential association of one or more inter-
ventions in order to maximize the chances to achieve a single healthy baby in the 
shorter time and in the safer manner for the mother and the child.
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2Diagnostic Criteria for PCOS

Francesco Orio and Giovanna Muscogiuri

2.1  Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous and complex disorder that 
has both metabolic and hormonal implications and that represents one of the major 
causes of infertility in women. Great efforts have been made in the last two decades 
to identify diagnostic criteria for this syndrome. Besides the hormonal aspects, met-
abolic issues such as insulin resistance and obesity and the susceptibility to develop 
earlier than expected glucose intolerance states have encouraged the notion that 
these aspects should be included in the diagnostic criteria to plan potential therapeu-
tic strategies in affected women. Further, PCOS clusters in families and both female 
and male relatives can show stigmata of the syndrome thus suggesting a genetic 
background. Genome-wide association studies have identified a number of candi-
date regions that should be further investigated in order to identify their role in the 
development of the syndrome.

In this chapter, the main criteria to diagnose PCOS will be summarised and dis-
cussed highlighting the potential strengths and limitations.

2.2  Historical Viewpoint

In 1935, Stein and Leventhal described several cases presenting with oligomenor-
rhoea/amenorrhoea combined with the presence at operation of bilateral ovaries 
with polycystic ovary morphology (PCOM) [1]. Of these patients, three also pre-
sented obesity and five showed signs of hirsutism. Only one patient was both obese 
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and showed hirsutism. These findings were important to demonstrate that not all the 
clinical features associated with PCOS must be present along with PCOM proven 
by morphology [2–4].

An elevated luteinising hormone/follicle-stimulating hormone (LH/FSH) ratio 
has been used as a diagnostic test for PCOS for many years. In fact, women with 
PCOS have been reported to have defects of gonadotrophin secretion, including an 
elevated LH level, elevated LH to FSH ratio, and an increased frequency and ampli-
tude of LH pulsations [5, 6]. Despite the large use of this parameter to diagnose 
PCOS, concerns about the clinical utility of the ratio have led to the Rotterdam 
European Society for Human Reproduction and Embryology/American Society for 
Reproductive Medicine (ESHRE/ASRM) consensus statement on PCOS recom-
mending against its inclusion.

The introduction of transvaginal ultrasonography was of paramount importance 
to demonstrate that patients with oligomenorrhoea, obesity, and hirsutism do not 
necessarily have the typical PCOM on ultrasound [7, 8]. Since the aetiology of 
PCOS is far from well understood, diagnostic criteria for PCOS have been revised 
several times [2, 9]. Specialty groups may still differ in their use of diagnostic crite-
ria and diagnostic workup, as well as in their choice of first- and second-line treat-
ment [9].

2.3  Available Diagnostic Criteria

Three principal set of criteria of PCOS are in widespread use today.

2.3.1  National Institutes of Health (NIH) Criteria

The first set of criteria comes from the proceedings of an expert conference 
sponsored in part by the National Institute of Child Health and Human Disease 
(NICHD) of the US National Institutes of Health (NIH) on April 16–18, 1990. 
During this meeting, all participants were surveyed regarding their perception 
of what features formed part of PCOS, and Drs Zawadski and Dunaif sum-
marised the findings in the meeting proceedings [10]. They concluded that the 
major criteria for PCOS should include (1) hyperandrogenism (defined as exces-
sive terminal hair that appears in a male pattern, acne or androgenic alopecia) 
and/or hyperandrogenemia (elevated serum androgen level and typically 
includes an elevated total, bioavailable or free serum testosterone), (2) anovula-
tion or oligo-ovulation (anovulation may manifest as frequent bleeding at inter-
vals <21 days or infrequent bleeding at intervals >35 days; a midluteal 
progesterone lower than 3–4 ng/mL may help with the diagnosis) and (3) exclu-
sion of other known disorders (Table 2.1).

Hirsutism can be assessed using the Ferriman-Gallwey score or its validated 
modifications (Fig. 2.1).
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The differential diagnosis for PCOS includes adrenal congenital hyperplasia 
(post-ACTH stimulation 17 hydroxyprogesterone higher than 300 ng/dL), 
hyperprolactinemia (prolactin levels higher than 12 mg/L), hypothyroidism 
(TSH higher than 4.5 mLU/L), Cushing’s syndrome (11 pm salivary cortisol 

Table 2.1 Diagnostic criteria for PCOS according to the 1990 NIH conference, the revised crite-
ria from the ESHRE/ASRM sponsored consensus meeting (2003) and the criteria of the Androgen 
Excess Society (2006)

NIH criteria (1990) Rotterdam criteria (2003)
Androgen Excess and PCOS 
Society (2006)

Must include all the following:
  –  Hyperandrogenism and/or 

hyperandrogenemia
  –  Anovulation or 

oligo-ovulation

Must include two of the 
following:
–  Anovulation or 

oligo-ovulation
–  Clinical and/or biochemical 

signs of hyperandrogenism
– PCOM

Requires all the following:
–  Hirsutism and/or 

hyperandrogenemia
–  Oligo-ovulation and/or 

PCOM

Exclusion of other possible related disorders: ovarian or adrenal androgen-secreting tumours, thy-
roid disease, hyperprolactinemia, nonclassical congenital adrenal hyperplasia

Ferriman & Gallwey, J Clin Endocrinol Metab 1961

- 11 areas

- Score 0 (no growth) 

- Score 4 (maximal growth)

- Score max 44

FERRIMAN-GALLWEY SCORE

³ 8

MODIFIED FERRIMAN-GALLWEY SCORE

- 9 areas

- Score 0-4

- Score max 36

³ 6

Hatch et al., Am J Obstet Gynecol 1981

SIMPLIFIED FERRIMAN-GALLWEY SCORE

³ 3

Cook et al., Fertil Steril 2011

- 3 areas

- Score 0-4

- Score max 12

Fig. 2.1 The Ferriman-Gallwey scoring system to diagnose hirsutism. In the classical Ferriman-
Gallwey score, each of the 11 body areas is rated from 0 (absence of terminal hairs) to 4 (extensive 
terminal hair growth), and the numbers in each area are added to obtain the total score. A score ≥8 
generally defines hirsutism. In the modified Ferriman-Gallwey score, each of the nine body areas 
is rated from 0 (absence of terminal hairs) to 4 (extensive terminal hair growth), and the numbers 
in each area are added to obtain the total score. A score ≥6 generally defines hirsutism. In the 
simplified Ferriman-Gallwey score, each of the three body areas is rated from 0 (absence of termi-
nal hairs) to 4 (extensive terminal hair growth), and the numbers in each area are added to obtain 
the total score. A score ≥3 generally defines hirsutism
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higher than 0.15 ug/dL, 24-h urine free cortisol higher than 50 ug/d, overnight 
1 mg dexamethasone suppression higher than 1.8 ug/dL), premature ovarian 
insufficiency (FSH higher than 30 mUI/mL and oestradiol lower than 20 pg/mL) 
and virilising adrenal and ovarian cancer. The virilising cancers are associated 
with high levels of androstenedione (>3 ng/mL) and/or DHEA-S (>3500 ng/
mL) and/or DHEA (>9 ng/dL). However, most of the signs that are common to 
PCOS are often not specific for PCOS. In fact, oligomenorrhoea is common 
after menarche during normal puberty and is therefore not specific to adoles-
cents, as well as acne is common, although transitory during adolescence.

The survey of the NIH had the advantage to identify PCOS as a diagnosis of 
exclusion of other androgen disorder along with ovarian consequences. The NIH/
NICHD criteria interpreted clinical hyperandrogenism as hirsutism, since more than 
70% of hirsute women are hyperandrogenemic [2]. Consequently, three principal 
phenotypes are generally identified: (a) women with hirsutism, hyperandrogenemia, 
and oligo-ovulation, (b) women with hirsutism and oligo-ovulation or (c) women 
with hyperandrogenemia and oligo-ovulation (Table 2.1). Thanks to the NIH/
NICHD criteria, it has been begun to understand the enormous high prevalence of 
the disorder [2, 3, 7, 8] and the high frequency of insulin resistance [9, 11] with 
increased risk of developing type 2 diabetes mellitus that often accompanied this 
syndrome [12, 13]. The broadening of the diagnostic criteria has led to a large body 
of research comparing the PCOS phenotypes. However, an unintended consequence 
of the broadening of the diagnostic criteria has been the inclusion in studies of mul-
tiple PCOS phenotypes without stratification. This failure to investigate precisely 
defined PCOS phenotypes has resulted in confusion in the literature because the 
metabolic features of the syndrome vary by phenotype. Based on this issue, Drs. 
Dunaif and Fauser proposed provocatively to distinguish the syndrome in a meta-
bolic phenotype and a reproductive phenotype [14]. The main debate raised by these 
criteria was around the fact that PCOM were very commonly associated with hirsut-
ism and hyperandrogenemia in women with regular, ovulatory, cycles [15, 16]. This 
is because anovulation is not necessarily chronic, and that intermittent, or even 
prolonged, episodes of regular, ovulatory, cycles could punctuate the pattern of 
anovulatory vaginal bleeding or amenorrhoea [1, 17, 18].

2.3.2  ESHRE/ASRM Criteria

The burgeoning issue for including ovulatory women with PCOM and hyperan-
drogenism in the definition of PCOS was a major determinant in motivating the 
ESHRE/ASRM workshop. This consensus conference among expert of PCOS was 
convened in Rotterdam, the Netherlands, on May 1–3, 2003, sponsored in part by 
the ESHRE and the ASRM [19, 20]. The meeting proceedings recommended that 
PCOS be defined when at least two of the following three features were present: (1) 
oligo- and/or anovulation, (2) clinical and/or biochemical signs of hyperandrogen-
ism and (3) PCOM. These criteria again highlighted that PCOS is a diagnosis of 
exclusion (see above and Table 2.1).
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PCOM as defined by the 2003 Rotterdam criteria referred to the presence of at 
least one ovary exhibiting 12 or more follicles measuring 2–9 mm in diameter, 
regardless of location, and/or a total volume > 10 mL3, as determined by transvagi-
nal ultrasound (Table 2.2) [19, 20]. This definition differs somewhat from that origi-
nally proposed by Adams and colleagues [21] using transabdominal ultrasound that 
defined PCOM as those containing at least ten follicles between 2 and 8 mm in 
diameter in one plane, arranged either peripherally around a dense core of ovarian 
stroma or scattered throughout an increased amount of stroma. These latter investi-
gators have more recently modified their definition to consider as PCOS those con-
taining at least eight follicles 2–8 mm in diameter [22]. The number of women who 
were misclassified by using the modified Adams et al. [22] criteria versus the 
Rotterdam criteria is negligible.

The recent use of three-dimensional sonography enables the assessment of the 
volume of the ovary and ovarian follicles. Using the difference between these two 
parameters, the volume of the ovarian stroma can be assessed. The use of stromal 
volume to ovarian volume ratio as a diagnostic feature of PCOS that correlates with 
androgen concentration has been demonstrated of value [23]. However, stromal 
volume is a variable that is strictly correlated with the volume of the entire ovary. 
That is why its assessment is of little use in clinical practice.

It should be noted that the 2003 Rotterdam criteria defined a population of 
patients that is inclusive of those women previously diagnosed as having PCOS 
according to the 1990 NIH/NICHD criteria. In fact, the 2003 Rotterdam criteria 
have expanded but not replaced the NIH (1990) criteria. The 2003 Rotterdam crite-
ria added two new phenotypes of PCOS, namely, patients who have PCOM, hirsut-
ism and/or hyperandrogenemia but have normal ovulation and women who have 
PCOM and irregular ovulation but no sign of androgen excess [24–26]. As conse-
quence of accepting these two phenotypes, the Rotterdam 2003 criteria increase the 
phenotypic heterogeneity of the disorder thus decreasing the ability of genetic and 
other molecular studies to detect a common underlying abnormality. However, a 
finding of PCOM can predict the response to ovulation induction, because women 
with this ovarian morphology are more sensitive to gonadotrophin stimulation than 
spontaneously cycling women, possibly as a result of the larger pool of small antral 
follicles available for recruitment [27].

A positive correlation has been found between anti-Müllerian hormone (AMH) 
levels and the number of small follicles as well as ovarian volume. The results of 
published studies indicated that the level of AMH is higher in patients with PCOS, 
which can be helpful in the diagnosis in this syndrome [28–30]. An AMH cut-off 
value of 20 pmol/L has been suggested for diagnosis of PCOS [31]. Further, it has 
also been shown that there is a correlation between higher AMH concentration, rare 

Table 2.2 Threshold of sono-
graphic ovarian characteristics 
proposed at the 2003 Rotterdam 
consensus for the diagnosis of 
PCOM

2003 Rotterdam criteria
Number of follicles >12 follicles
Measures of follicles 2–9 mm in diameter
Ovarian size >10 mL3
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menstruation and hyperandrogenism. However, due to the usage of various methods 
to analyse plasma AMH levels, it is difficult to compare previous studies and to 
identify cut-offs for PCOS patients.

2.3.3  Androgen Excess (AE)-PCOS Society Criteria

The most recent criteria were defined by a task force of the Androgen Excess (AE)-
PCOS Society in 2006, which recommended the following diagnostic criteria for 
PCOS: (1) hirsutism and/or hyperandrogenemia, (2) oligo-ovulation and/or PCOM 
and (3) exclusion of other androgen excess or related disorders (Table 2.1). The 
AE-PCOS (2006) attempts to make a balance between the NIH (1990) and the 
Rotterdam (2003) definitions, using a careful review of the literature to substantiate 
their criteria [32]. In this definition, ovulatory women with hirsutism and/or hyper-
androgenemia, and PCOM, are defined as having PCOS owing to their increased 
risk of metabolic dysfunction, albeit less than core PCOS patients. However, the 
AE-PCOS definition does not include patients who solely demonstrate ovulatory 
dysfunction and PCO on ultrasound, without evidence of androgen excess, as hav-
ing PCOS. The AE-PCOS (2006) criteria identify individuals with PCOS who have 
an increased risk of metabolic dysfunction, albeit less than the 1990 NIH criteria.

2.4  Actual Limitations and Future Perspectives

The main limit of the current guidelines for the diagnosis of PCOS is that it is con-
sidered only as a fertility and cosmetic disorder without mention to long-term risks 
[33]. An expert panel from the 2012 NIH Evidence-Based Methodology Workshop 
on PCOS recommended that clinicians use the more recent Rotterdam criteria for 
diagnosis [34]. Consequently, the prevalence of PCOS has doubled after starting the 
broader Rotterdam or AE-PCOS Society criteria with 1990 NIH-defined PCOS 
being the most common phenotype. Evaluation of women with PCOS should 
exclude alternate androgen excess disorders and risk factors for endometrial cancer, 
mood disorders, obstructive sleep apnoea, diabetes, and cardiovascular disease [35].

However, important and specific limitations and weaknesses of each of the three 
cardinal features in PCOS diagnosis also exist and are detailed in Table 2.3.

The European Society of Endocrinology suggested to implement the diagnostic 
criteria of PCOS with the use of new biomarkers of androgen excess and ovarian 
dysfunction and in particular the development of a more objective method to define 
and quantify hirsutism in the different parts of the body. Further, they suggest to pay 
more attention to the impact of androgen on metabolism as key point for the preven-
tion of type 2 diabetes and cardiovascular events not only during adult age but 
extended to well after the menopause [36]. Recently, it was highlighted the notion 
that corrects diagnosis of PCOS impacts on the likelihood of associated metabolic 
and cardiovascular risks and leads to appropriate intervention, depending upon the 
woman’s age, reproductive status and her own concerns. Further, management of 
infertility in women with PCOS requires an understanding of the pathophysiology of 
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anovulation [37]. Lastly, it is mandatory to highlight that PCOS diagnosis does not 
mean PCOM. In fact, PCOM may be part of a wider PCOS spectrum, where only a 
minority of patients may show hyperandrogenism and most of whom have no hor-
monal dysfunctions [4]. A task force report from the AE-PCOS Society recommends 
using follicle number per ovary for the definition of PCOM setting the threshold at 
≥25, but only when using newer technology that affords maximal resolution of ovar-
ian follicles (i.e. transducer frequency ≥ 8 MHz). If such technology is not available, 
they recommend using ovarian volume rather than follicle number per ovary for the 
diagnosis of PCOM for routine daily practice but not for research studies that require 
the precise full characterisation of patients (Table 2.4). The appropriateness of 

Table 2.3 Diagnostic strengths and weaknesses of the main diagnostic features of PCOS

Diagnostic criteria Strength Limitation
Hyperandrogenism Included as a component 

in all major classifications
A major clinical concern 
for patients

Measurement is performed only in 
blood
Concentrations differ during time of 
day and age
Normal data/values are not clearly 
defined
Assays are not standardised across 
laboratories
Clinical hyperandrogenism is hard to 
quantify and may vary by different 
ethnic

Ovulatory dysfunction Normal ovulations vary in lifespan
Ovulatory dysfunction is difficult to 
measure objectively

PCOM Historically associated 
with syndrome

Technique dependent
Difficult to obtain standardised 
measurement
May be present in other diseases (low 
specificity)

Modified by Legro et al. [35]

Table 2.4 New diagnostic tools (and thresholds) for PCOM

  (1) The threshold for FNPO defining PCOM should be >25 follicles per whole array
        (a)  This threshold applies to use of newer imaging technology (essentially transducer 

frequency >8 MHz)
        (b)  FNPO is recommended over OV since FNPO has been shown to have greater 

predictive power for PCOS and less variability among populations aged 18–35 years
        (c)  Real-time methods should follow recently proposed standardisation. Offline methods, 

with either 2D or 3D ultrasound, must be applied after completion of a learning curve 
and standardisation

  (2) The threshold for OV should remain at >10 mL
         OV may have a role in instances when image quality does not allow for reliable estimates 

of FNPO
  (3)  The use of the AMH assay as a surrogate to ultrasound is for research purpose only at the 

present time. Only in-house AMH threshold for PCOM can be used until there is 
standardisation of the assay techniques

From Dewailly et al., Hum Reprod Update 2014
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proposed thresholds for follicle number per ovary can be influenced by several fac-
tors as described in Table 2.5 [38]. As reported in Table 2.2, the recommended crite-
ria of the ASRM/ESHRE consensus meeting recommended to fulfil at least one of 
the following criteria to diagnose PCOM: either 12 or more follicles measuring 
2 ± 9 mm in diameter or increased ovarian volume (>10 cm3). If there is a follicle 
>10 mm in diameter, the scan should be repeated at a time of ovarian quiescence to 
calculate volume and area. The presence of a single PCOM ovary is sufficient to 

Table 2.5 Parameters contributing to variations in thresholds for follicle number in polycystic 
ovaries

Inconsistent parameter 
among studies Considerations

Clinical 
populations

Definition of PCOS Potential to yield heterogeneous cohorts
PCO as an inclusion criterion is controversial

Inclusion criteria for 
controls

Recruitment methods for controls often not 
specified
Appropriateness of subfertile women as controls
PCO as an exclusion criterion is controversial

Age Thresholds do not apply to women <18  and >35 
years

Ethnicity Follicle counts may vary among ethnic 
populations

Statistical 
approach

Arbitrary cut-offs Biased by the interpreter
Based on 100% 
specificity

Biased at the expense of test sensitivity

ROC curve analysis 
with Youden’s Index

Balances test sensitivity and specificity

95th percentile of 
control population

Concedes a false negative rate
Concedes a false positive rate

Technical issues Newer versus older 
technology

More follicles can be visualised using newer 
ultrasound technology

TA versus TV 
ultrasound

TA approaches are indicated for certain clinical 
populations
Visualisation is poorer using low frequency TA 
approaches, particularly with obesity

Real-time versus offline 
counts

Increased duration for post hoc analyses
Offline methods yield higher counts
Potential for increased precision in follicle 
counts made offline

2D versus 3D follicle 
counts

Increased cost of 3D equipment
3D affords shorter scan time for patients
3D allows for multi-planar and volume based 
assessments of follicle counts from stored image 
files
3D multi planar view has highest reliability in 
follicle counts
3D methods yield lower follicle counts
Automated assessment of follicle counts by 
reconstructed volumes requires further validation
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provide the diagnosis. The distribution of follicles and a description of the stroma are 
not required in the diagnosis [39].

A role of the AMH assay has been also suggested as criterion of PCOS and specifi-
cally of PCOM or antral follicular excess [40]. Moreover, AMH concentrations seem 
to be an effective predictor of pregnancy and live birth rates only in women with 
PCOS without PCOM [41]. This issue will be discussed more in deep in Chap. 8.

 Conclusion
Although it is clear that PCOM are a frequent feature of PCOS, this controversy 
highlights the immediate and considerable need for additional investigation into 
PCOS and its associated phenotypes and morbidities. It is crucial to establish the 
diagnostic criteria for PCOS because the long-term consequences of PCOS are 
still unclear, and the early treatment, including infertility management, may play 
a role in the prevention of metabolic and cardiovascular diseases. The new gen-
eration of ultrasonography as well as the measurement of anti-Müllerian hor-
mone and genetics of PCOS may contribute in developing tailored therapeutic 
strategies to treat women with PCOS.
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3Anovulation in Women with PCOS

Ujvala Rao and Roy Homburg

3.1  Introduction

Polycystic ovary syndrome (PCOS) is the most common cause of anovulatory sub-
fertility and affects up to 10% of the female population. Given this significant bur-
den, there has been much research into its aetiology and management. Despite many 
attempts, it has been difficult to define what exactly is the cause of anovulation in 
PCOS. There are various features of PCOS which could contribute to the disruption 
of ovulation and these will be discussed in this chapter. Before we launch into this 
discussion, we will revise the process of normal ovulation.

3.2  Ovulation

The hypothalamus secretes gonadotrophin-releasing hormone (GnRH), a decapep-
tide that is conveyed into the portal circulation between the hypothalamus and the 
pituitary. Here, relatively low doses of GnRH, which cannot be easily detected in 
the peripheral circulation, stimulate the pulsatile secretion of follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH). FSH pulses are difficult to measure 
due to its long half-life. The frequency of LH pulses varies during the cycle from 
every 60–90 min in the follicular phase to 8–12 hourly in the late luteal phase. The 
amplitude of the pulses also varies and is greater preceding ovulation and again in 
the luteal phase [1]. This pulsatile release is key to the process of ovulation as sus-
tained release of GnRH has an inhibitory effect on the hypothalamic-pituitary- 
ovary (HPO) axis.
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As it develops, the oocyte is enveloped by granulosa cells and theca cells. As the 
dominant follicle approaches maturity, the theca cells differentiate into the theca 
interna and externa layers. Towards the end of the menstrual cycle as the corpus 
luteum degenerates, secretion of progesterone, oestrogen and inhibin A decreases, 
bringing to an end the negative feedback of these substances upon the hypothala-
mus. As a result, FSH is released and recruits a cohort of small antral follicles and 
then induces differentiation of granulosa cells. FSH also has the effect of sensitizing 
the dominant follicle to the effect of LH, a key factor in producing ovulation approx-
imately 36 h after the LH surge. The pulses of LH act on the theca cells and stimu-
late the production of the androgens androstenedione and testosterone. These are 
then conveyed to the granulosa cells where they are converted to oestradiol by the 
action of aromatase. The activity of aromatase is stimulated by FSH. During this 
process, oestradiol levels rise, eventually providing negative feedback upon FSH 
secretion.

Mid-cycle, the large surge of LH secretion is brought about by several factors. 
Oestradiol levels which have been slowly rising and have a negative feedback effect 
upon the pituitary suddenly switch to a positive feedback situation. There is also 
increased sensitivity of the pituitary GnRH receptors. The LH surge has the effect 
of causing ovulation, stimulates oocyte maturation by inducing resumption of meio-
sis and produces luteinization of the granulosa cells leading to the formation of the 
corpus luteum.

The selection of the dominant follicle occurs due to the fact that one follicle usu-
ally develops greater sensitivity to FSH stimulation. Therefore, as FSH concentra-
tions fall under the negative feedback mechanism, this follicle continues to grow 
and produces a greater concentration of oestradiol and inhibin.

3.3  Anovulation in PCOS

In 1935, Stein and Leventhal first described PCOS from their observations of seven 
women who had enlarged ovaries, amenorrhoea, infertility and hirsutism. Their 
hypothesis was that the sclerocystic thickening of the ovarian cortex prevented the 
expulsion of the oocyte and hence led to disturbance of ovulation [2]. This appeared 
to be supported by the finding that ovarian wedge resection restored ovulation.

As time has gone by, it has become apparent that the basic lesion of PCOS is 
an endocrinological disturbance within the ovary itself—an excessive produc-
tion of androgens. This is associated with various extra-ovarian hormonal 
abnormalities including insulin resistance, hyperinsulinaemia and raised con-
centration of LH [3]. Despite these many endocrinological associations with 
PCOS, none of these individually serve to explain the pathogenesis of the 
condition.

PCOS has been found to be more common in female relatives of affected women, 
leading to a hypothesis that the condition is genetically inherited though perhaps 
risk is modified by environmental factors. One study found that 22% of the sisters 
of women with PCOS fulfilled the diagnostic criteria themselves [4]. It was earlier 

U. Rao and R. Homburg



25

thought that the condition exhibited an autosomal dominant pattern of inheritance 
but this has not been confirmed by more contemporary studies, which have sug-
gested a more complex genetic pattern. Various genes have been implicated such as 
the fibrillin-3 gene and those that code for insulin receptors such as IRS-1. However, 
these findings have not been reproducible, at least partially due to small sample 
sizes and incomplete examination of the genes in question. Pregnant women with 
PCOS have been found to have elevated testosterone levels. Hence, another hypoth-
esis for the aetiology of PCOS has been intrauterine exposure to androgens. It is, 
however, not clearly documented that the foetus is exposed to these elevated andro-
gen levels. Cord blood androgen studies have shown mixed results. Increased sex 
hormone-binding hormone activity as well as the aromatase activity of the placenta 
may serve to reduce the effective concentration of androgen to which the foetus is 
exposed. Studies looking to confirm the level of intrauterine androgen exposure are 
ongoing [5].

In recent years, anti-Mullerian hormone (AMH) has emerged as a key player in 
the natural history of PCOS. We will explore the role of AMH and various other 
substances below (see also Chap. 8).

3.3.1  Abnormalities of gonadotrophin Release

PCOS is associated with an increase in pulse frequency and amplitude of LH and a 
normal or dampened frequency of FSH pulsatility. Studies in the daughters of PCOS 
patients around the time of puberty have shown that hypothalamic-pituitary abnor-
malities are apparent this early in a PCOS patient’s life. Instead of the usual increase 
in pulsatility of LH release seen overnight, there is an increase LH pulsatility from 
the late afternoon. Hence, it is apparent that the GnRH pulse generator is altered 
very early in the course of PCOS [6]. LH pulse frequency in PCOS women does not 
exhibit the cyclic variation seen in women with ovulatory cycles. LH pulses are 
observed approximately hourly throughout the cycle. It is unclear whether the cause 
for this lies in the hypothalamus, pituitary or peripheral feedback mechanisms.

3.3.2  Hyperandrogenism

The ovaries produce all three classes of sex steroids, namely, oestrogens, progestins 
and androgens. As distinct from the adrenal gland, the ovary does not have 
21α-hydroxylase or 11β-hydroxylase reactions; hence, there is no production of 
glucocorticoids or mineralocorticoids. The two androgens secreted by the ovary are 
androstenedione and dehydroepiandrosterone (DHEA). Androstenedione is pro-
duced by the stromal and thecal cells of the ovaries under the influence of LH. Around 
half of the androstenedione production in the female is from the ovary with the other 
half originating from the adrenal gland. DHEA derives mainly from the adrenal 
gland. Androstenedione is usually converted into oestradiol by the FSH-driven aro-
matase enzyme but as described below, aromatase activity is reduced in women with 
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PCOS. The surplus of androstenedione within the ovary is converted into oestrone 
and also into testosterone. The ovary also secretes androstenedione into the circula-
tion, and this is partially converted in the peripheral tissues to testosterone. Increased 
concentrations of androstenedione, testosterone, oestrone and DHEA are seen in 
women with PCOS [7].

In vitro experiments have found that hyperandrogenism accelerates the develop-
ment of follicles from primordial follicles to small antral follicles [8]. As a result, 
the density of pre-antral and small antral follicles in the polycystic ovary is six times 
that of the normal ovary. These follicles do not appear to undergo the expected pro-
gression into ovulatory follicles and also undergo a reduced rate of apoptosis [9]. 
This explains the typical appearance of the polycystic ovary.

3.3.3  AMH

More details regarding AMH will be given in Chap. 8. Briefly, AMH belongs to 
the transforming growth factor-beta (TGF-B) family and is produced exclusively 
by the gonads [10]. It is secreted during early intrauterine life by the Sertoli cells 
of the developing testes to induce regression of the Mullerian ducts in the male 
foetus. In females, it is secreted throughout life by the granulosa cells of the early 
primordial follicles. Its secretion increases and peaks in small antral follicles, and 
as the follicles progresses to a preovulatory state, the secretion of AMH recedes. 
Once a follicle reaches 10 mm in size, the AMH secreted by that follicle becomes 
undetectable. There is a strong correlation between the serum AMH and the num-
ber of small antral follicles, and hence it is widely used as a marker of ovarian 
reserve [11].

Given that women with PCOS have increased numbers of small pre-antral and 
antral follicles, their AMH concentrations are markedly increased compared to 
those women with normal ovaries. This has been substantiated by several studies 
[12, 13]. However, the mere number of follicles is not the only explanation for 
raised AMH levels in PCOS patients. It has been shown that the granulosa cells of 
anovulatory ovaries produce up to 75 times more AMH than those of women with 
regular cycles and normal ovaries and up to twice as much AMH as PCOS patients 
with ovulatory cycles [14]. Laven et al. also showed that AMH concentrations cor-
relate positively with levels of LH, testosterone, mean ovarian volume as well as the 
number of ovarian follicles. Perhaps as a result of all of these correlations, the 
higher the AMH, the more severe the PCOS.

The exact function of AMH beyond foetal life has been the subject of various 
studies and remains unclear. In studies involving both rodent and human granu-
losa cells, exposure to high levels of AMH decreased the expression of aroma-
tase messenger RNA [15, 16]. This leads to a lower than expected concentration 
of oestradiol within follicles [17]. Pellatt et al. proved this finding and further 
confirmed that AMH also has the effect of reducing the expression of FSH 
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receptor mRNA. As a result, it has been hypothesized that AMH inhibits the 
effect of FSH on follicles until they reach a size greater than 10 mm after which 
AMH concentrations fall [18].

The concentration of AMH in PCOS patients is demonstrably higher in those 
women with amenorrhoea compared to those with oligomenorrhoea who, in turn, 
have higher AMH levels than those with regular menstrual cycles [13]. The corollary 
to this finding is that the higher the AMH, the greater the ovulatory disturbance.

AMH also appears to interact with the other hormones within the HPO axis, further 
perpetuating the cycle of anovulation. These mechanisms are described in Fig. 3.1.

3.3.3.1  FSH and AMH
A finding of low FSH concentrations in PCOS patients would help to make sense of 
the anovulation characteristic of the condition. However, serum FSH levels are usu-
ally within normal limits albeit at the lower end of this range. There is however 
evidence of the fact that there is endogenous inhibition of the action of FSH, likely 
as a result of high AMH concentrations within the antral follicles [18].

It is apparent that this inhibitory function of AMH can be overcome by exoge-
nous FSH or by stimulating a surge of FSH as in clomiphene ovulation induction. 
Clomiphene treatment restores ovulation in approximately 80% of patients (see 
Chap. 9). Even low doses of exogenous FSH have been shown to stimulate domi-
nant follicular development [19]. This is a reassuring finding for those faced with 
the common clinical scenario of the subfertile PCOS patient.

Androgen excess

Multiple small follicles

AMH ⇑

FSH action ⇓

Anovulation

Fig. 3.1 A possible role 
for AMH in the 
anovulation of PCOS
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3.3.3.2  LH and AMH
AMH and LH concentrations show a positive correlation as demonstrated by numer-
ous authors [17, 20, 21]. The exact mechanism of this association is yet to be 
described but there are various plausible explanations for it. As described earlier in 
this chapter, disturbance of LH pulse frequency is an early lesion of PCOS and leads 
to an increased concentration of LH in the circulation. LH receptors are only found 
on theca cells of the follicles. LH acts on these cells to stimulate the conversion of 
cholesterol into androstenedione and testosterone. These androgens promote the 
progression of primordial to pre-antral follicles, which then produce an abundance 
of AMH.

Extrapolating from these associations, a gross method of reinstating ovulation 
would be to reduce the number of follicles in the ovaries, which would then result 
in lower AMH concentrations. This marries up well with the initial findings of Stein 
and Leventhal, who proved that a wedge resection of ovarian tissue restores ovula-
tion as does the destruction of follicles in laparoscopic ovarian drilling. Beyond the 
age of 40, there is an accelerated loss of follicles, and hence it is not unusual for 
PCOS women to resume regular menstrual cycles as they cross this age [22].

However, waiting for a woman to reach the age of 40 or removing part of her 
ovary would not be high on the list of therapeutic options for the subfertile PCOS 
patient. There exist several methods of ovulation induction which are discussed in 
later chapters of this book. AMH concentrations appear to predict the response to 
these treatments in many cases. Weight loss of less than 5% of body weight has been 
shown to restore ovulation in up to 60% of PCOS patients (see also Chap. 13). It 
does however seem that women with higher AMH levels before weight loss are less 
likely to resume regular menstrual cycles after weight loss [23]. A study comparing 
AMH values in PCOS patients undergoing laparoscopic ovarian drilling found that 
women who had a higher AMH pre-procedure were less likely to resume spontane-
ous ovulation post-operatively and further identified a cut-off AMH of 7.7 ng/mL 
above which spontaneous ovulation was unlikely [24].

 Conclusion

Although the exact aetiology of anovulation in PCOS has not yet been defined, 
the various factors outlined above, particularly the role of AMH, help us under-
stand the ovulatory disturbance and provide parameters upon which to make 
treatment decisions.
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4Oocyte Quality in PCOS

Christine Decanter

4.1  Introduction

Polycystic ovarian morphology (PCOM) and polycystic ovary syndrome (PCOS) 
are very common findings in an in vitro fertilization (IVF) centre population, 
explaining why the concept of oocyte quality is so challenging. Indeed, 18–25% of 
the infertile couples meet the diagnosis criteria for PCOS ([1]; http://www.ivf- 
worldwide.com/survey/pcos-results.htm), whereas the prevalence of PCOM has 
been estimated as high as 33% in asymptomatic patients [2–4]. With the advent of 
highly sensitive ultrasound machines, the PCOM, mainly based on the antral follicle 
count, has become one of the main diagnosis criteria of PCOS and is now well rec-
ognized to be the common base of the wide spectrum of clinical, hormonal and 
metabolic phenotypes of the PCOS. PCOM is characterized by a significantly 
enlarged cohort of early growing and recruitable follicles. This excessive follicle 
number is linked to disturbances in folliculogenesis which are thought to be the 
consequence of intra-ovarian hyperandrogenism [5–7] (see also Chaps. 2 and 8). 
During controlled ovarian hyperstimulation (COH), the cohort of growing follicles 
is frequently heterogeneous in size, with mature, intermediary and small follicles. 
In parallel, the number and quality of mature oocytes has been proposed as being 
poor [6, 8, 9] leading to lower pregnancy rates and higher abortion rates. Furthermore, 
recent data suggested that oocyte competence could be impaired in PCOS patients 
due to an inadequate dialogue between the cumulus cells and the oocyte and an 
impairment of the follicular microenvironment [10, 11].

Despite these assumptions, the paucity of clinical studies focusing on oocyte 
quality in PCOS women does not allow to make definitive conclusions. Most of 
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these studies are retrospective, concerning PCOS patients diagnosed with heteroge-
neous criteria and with various clinical and metabolic phenotypes with a historical 
control group [12–17] (see also Chaps. 2 and 7).

Mostly, oocyte quality was only extrapolated through fecundation, implantation 
and pregnancy rates according to the number of mature oocytes, i.e. metaphase II 
oocytes [12–17]. Consequently, the results provided by these studies are conflicting, 
reporting either a better oocyte/embryo quality and pregnancy rates or vice versa.

The concept of oocyte quality represents the oocyte developmental competence, 
meaning the intrinsic ability of oocytes to undergo meiotic maturation, fertilization, 
proper embryonic development and successful pregnancy [18]. These competences 
are progressively acquired during the follicular development through the cross-talk 
between oocyte and somatic/surrounding granulosa cells (GCs) [19]. As follicular 
growth disturbances have been widely shown in PCOS, especially during COH, it 
has been postulated that the consecutive endocrine and/or paracrine follicular 
microenvironment modifications could have detrimental effects on the oocyte 
quality.

In this review, we will firstly focus on the main approaches proposed to investi-
gate oocytes from PCOS, and then we will look over the clinical relevance of all the 
compiled results from these studies by examining the final oocyte competence dur-
ing the IVF process in PCOS patients.

4.2  Evaluation of Oocyte Quality

Evaluating the oocyte quality is obviously complicated because of the few number 
of oocytes retrieved during the IVF process. Hence, there is various ways, invasive 
or non-invasive, direct or indirect, to investigate the oocyte competence. Three main 
approaches, morphological, genetic and OMICS, have been proposed to investigate 
oocytes from PCOS.

4.2.1  Morphological Approach

After having removed the cumulus-corona cells in preparation for intracytoplasmic 
injection (ICSI), oocyte evaluation is based on the nuclear maturation status, the 
morphology of the cytoplasm and on the appearance of the extracytoplasmic struc-
tures. A higher number but a same rate of metaphase II oocytes between PCOS 
patients and controls were highlighted in various retrospective studies [12–14], as 
well as a higher number but a same rate of top-quality embryos [13, 14]. These 
results were confirmed in the meta-analysis of Heijnen et al. and in a recent prospec-
tive study comparing PCOM patients versus non-PCOM [20, 21]. Despite being the 
main morphological indicator, nuclear maturity examination alone is not enough to 
determine the quality of an oocyte: the nucleus and the cytoplasm have to mature in 
synergy in order to reach the conditions for an optimal fertilization rate. In addition, 
it is now well recognized that some specific morphological oocyte abnormalities, 
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such as the presence of a wide perivitelline space (PVS) or a granular cytoplasm, 
must be given attention since it has been reported that they are associated with a 
significant decrease in the chance of fertilization [22, 23]. Only three studies are 
interested in oocyte morphology in PCOS patients. Sahu et al. [13] reported similar 
oocyte morphology in isolated PCOM, PCOS and age-matched controls. Sigala 
et al. [21] performed a prospective comparative study with a systematic examina-
tion of oocyte morphology in PCOM versus non-PCOM patients. Nuclear matura-
tion, extra- and intracytoplasmic oocyte abnormalities were assessed, i.e. fragmented 
or abnormal first polar body (IPB), abnormal zona pellucida (ZP), presence of an 
enlarge perivitelline space (PVS) or material in the PVS and an abnormal shape of 
the oocyte [21]. No specific morphological abnormalities as well as no difference 
regarding the incidence of these abnormalities were observed in the PCOM versus 
non-PCOM patients. In this study, PCOM was defined according to the threshold of 
19 follicles per ovary. Among the PCOM group, there were 52.5% of PCOS and 
47.5% of PCOM only. No difference was observed between oocytes from PCOS 
and PCOM-only patients, but it has to be mentioned that obese PCOM patients were 
excluded [21]. Piomboni et al. [24] compared the oocyte quality based on the pre-
cited morphologic criteria in three groups of nonobese PCOS patients: PCOS treated 
by d-chiro-inositol, PCOS treated by metformin and non-treated PCOS. They 
showed a significantly higher number of good-quality oocytes in the groups treated 
by insulin-sensitizing agents, as well as they highlighted in parallel a significant 
reduction of reactive oxygen species production in the follicular fluid [24]. Data on 
the effect of inositol on oocyte quality are extensively reviewed in Chap. 16.

A few studies using polarized light microscopy (PLM) have shown, by highlight-
ing meiotic spindle abnormalities, that some of metaphase II oocytes may still be 
immature [18, 25]. Indeed, meiotic spindle, when detectable with polscope micro-
scope, is not always aligned with the first polar body (PB1) in fresh metaphase II 
oocytes, which may adversely affect the fertilizing ability and in vitro/in vivo devel-
opmental competence [25]. In addition, it has recently been shown that oocytes with 
normal spindle morphology are significantly more likely to produce euploid 
embryos [26]. Only two studies are interested in the spindle and chromosome con-
figurations in oocytes from PCOS patients. Li et al. [27] compared the incidence of 
abnormality in spindle and chromosomal configurations in both in vitro and in vivo- 
matured oocytes. A higher rate of abnormalities was found in the group of in vitro- 
matured oocytes [27]. Vieira et al. compared in vitro-matured oocytes from PCOS 
versus non-PCOS patients and didn’t find any difference [28]. To the point of view 
of the authors, it is more likely that the in vitro conditions of oocyte maturation 
might explain these meiotic abnormalities rather than the PCOS itself.

4.2.2  Genetic Approach

The decrease of fertilization rate and the increase in pregnancy loss in certain 
subgroups of PCOS patients have led to the hypothesis that oocyte and embryos 
could be of poorer quality due to a higher aneuploidy rate. Morphological 
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examination is insufficient to detect genetic abnormalities such as aneuploidy. 
Currently, the only method yielding a definitive evaluation of oocytes/embryos is 
aneuploidy diagnosis, which provides information of normal or abnormal chro-
mosomal constitution. Moreover, aneuploidy detection requires breach of the 
zona pellucida and biopsy of the polar bodies from the oocyte that is obviously 
invasive. Because of the difficulty to directly evaluate the ploidy of the oocytes, 
some studies investigated indirectly the genetic potential of the PCOM gamete. 
Sengoku et al. [29] performed cytogenetic analysis on the unfertilized oocytes 
with normal morphology from PCOS and control patients but didn’t find any dif-
ference in the incidence of aneuploidy or diploidy [29]. Weghofer et al. [30] 
examined the association between PCOS and embryonic aneuploidy. They com-
pared the results of preimplantation genetic diagnosis (PGD) between properly 
documented PCOS patients and controls. Despite a statistically higher absolute 
number of euploid embryos in PCOS group due to the higher number of meta-
phase II oocytes retrieved, there was no difference regarding the rate of aneu-
ploidy [30]. Wang et al. [31] conducted a prospective cohort study by performing 
genetic analysis on abortuses from PCOS and non-PCOS patients who conceived 
after IVF. The aneuploidy rate was not significantly higher in the PCOS group but 
significantly lower in comparison with the non-PCOS patients [31].

4.2.3  OMICS Approach

The emergence of the—OMICS technologies, i.e. epigenomics, genomics, tran-
scriptomics, proteomics and metabolomics, provides a huge amount of new infor-
mation regarding the biological processes involved in the reproductive field. 
Although using an invasive technology, microarray-based transcription profiles of 
oocytes at various stage of growth and maturation have led to a better understanding 
of the genes expressed during oocyte development: disruption of transcription 
within an oocyte or any modification of their adequate transcriptomes could com-
promise its growth and development, as well as the resulting embryo, since oocyte 
mRNAs pool is strongly correlated with the ability to develop into the blastocyst 
stage [32].

Recent cluster of analysis revealed differences in global gene expression profile 
between normal and PCOS tissues and oocytes [33]. Wood et al. [34] identified 374 
genes with different mRNA transcript levels when analyzing metaphase II oocytes 
from normal responders and PCOS patients. A subset of these genes found to be 
differentially expressed in PCOS is involved in spindle dynamics, homologous 
recombination/chromosome alignment, cell cycle checkpoint and centrosome func-
tion during mitosis and/or meiosis [34]. Furthermore, some of the other differen-
tially expressed genes contain putative androgen receptors and/or peroxisome 
proliferating Y binding sites [34]. The authors make the assumption that these 
observations could be related to a lower oocyte quality.

Cai et al. [35] interested in the in vitro effects of overexpression of Hsp27 on 
oocyte maturation and development derived from PCOS patients as emerging 
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evidence indicates this heat-shock protein has strong antiapoptotic properties 
and has been shown to be mainly expressed in human oocytes. Interestingly, the 
same team has previously shown that Hsp27 was downregulated in ovarian tissue 
and in oocytes isolated from women with PCOS [36]. The results of upregulation 
of Hsp27 expression were a lowered oocyte maturation rate, similar fertilization 
but high- quality embryo blastocyst formation rates leading the authors to postu-
late that Hsp27 could be involved in the apoptotic imbalance of the oocytes via 
growth and differentiation factor 9 (GDF9) and bone morphogenic protein 
(BMP15) [36].

It is now recognized that there is a continuous bidirectional cross-talk between 
oocytes and somatic cells during folliculogenesis through gap junctions and para-
crine signalling [19]. If it is sure that oocyte is nurtured and supported by the 
closely associated somatic cells, especially those of the cumulus, the fact remains 
that oocyte itself plays an active role via secretion of paracrine signalling factors, 
such as GDF9 and BMP15, which maintain an appropriate microenvironment for 
a proper follicular growth [19, 33]. It is now possible to identify the transcriptome 
of GCs with the microarray technology, and evidence supporting GCs genes 
markers as valuable and non-invasive predictors of oocyte competence is rapidly 
emerging [37].

As folliculogenesis disturbances frequently occur in PCO patients, it seemed 
logical to investigate this oocyte/granulosa cells dialogue. Ouandaogo et al. [38] 
compared the transcriptome profiles of cumulus cells (CCs) isolated from in vivo 
and IVM cumulus-oocyte complexes (COCs) at different nuclear maturation stages 
from normal responders and PCOS patients undergoing ICSI following in vivo or 
IVM. In the PCOS subgroup, the authors found a strong alteration of the expression 
profile of the CCs derived from IVM metaphase II oocytes in comparison to in vivo 
metaphase II oocytes [37]. The expression profile also differed significantly between 
normal and PCOS patients, but the authors conclude that these significant differ-
ences were related to the culture condition, not to the PCOS per se [37]. The same 
team focused few months later on the gene expression profile in CCs of in vivo 
metaphase II oocytes from PCOS and non-PCOS patients using the DNA microar-
ray technology [39]. There were significant differences between groups in the gene 
expression profile. In addition, CCs from PCOS patients were characterized by 
abnormal expression of many growth factors, including members of the epidermal 
growth factor-like and IGF-like families that are known to play a role in oocyte 
competence [39]. Likewise, mRNA transcripts of factors involved in steroid metab-
olism seem to be deregulated in PCOS CCs [39].

miRNAs are small, non-coding RNAs detected in biological fluids that are able 
to regulate gene expression at the post-transcriptional level and which may be 
involved in reproductive function [40]. A limited number of studies have aimed to 
extensively profile circulating microRNAs (miRNAs) expression and function in 
the follicular fluid within a PCOS study population, and the results are at times not 
yet conclusive [40, 41]. Both highlight different miRNA expression between PCOS 
and non-PCOS patients but with no clear correlation with oocyte maturation or 
fertilization competence [40, 41].
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4.3  Clinical Data

Research on oocyte is extremely complex, especially in PCOS patients undergoing 
IVF. Firstly, the fact that PCOS patients need IVF, independently of tubal or sperm 
alterations, introduces some recruitment bias. Secondly, the high ovarian response 
under COH in these patients may have detrimental effects on the oocyte quality 
through vascular and inflammatory factors. Likewise, the in vitro/in vivo culture 
conditions may play a major role in the oocyte quality. PCOS underlies endocrine, 
ovulatory and/or metabolic dysfunction. These three components are solely or syn-
ergistically strong confounders regarding the interpretation of the studies on oocyte 
quality. Indeed, the source of oocytes is highly variable according to the different 
PCOS phenotypes, from the lean PCOM-only patient to the obese PCOS patient. 
In addition, the question as to whether asymptomatic women with PCOM consti-
tute a heterogeneous population in terms of ovarian dysfunction ranging from 
entirely healthy ovulatory women to women with mild occult PCOS [2] or, alter-
natively, constitute a homogenous population representing the milder end of the 
PCOS spectrum remains debatable. More data about PCOS phenotypes are dis-
cussed in Chaps. 2 and 7.

Undoubtedly, oocytes from PCOM in IVF condition exhibit molecular specifici-
ties in comparison with oocytes from non-PCOM patients. But surely, the key point 
is to have sufficient oocytes of quality to give substantial chances of pregnancy. One 
has to recognize that the larger prospective studies regarding the IVF results in 
PCOS failed to highlight poor results in terms of pregnancy chances, at least in 
nonobese patients.

Heijnen et al. [20] reported in a meta-analysis the comparative IVF outcome of 
PCOS patients defined by the Rotterdam criteria to the one of matched non-PCOS 
controls. Except the higher number of oocytes in PCOS patients, they failed to find 
any difference between fertilization, pregnancy and take baby home rates between 
groups [20]. Likewise, Sigala et al. [21] in a large prospective comparative study 
have shown the same rate of metaphase II and morphologically normal oocytes in 
nonobese PCOM versus nonobese non-PCOM patients. The rate of top-quality 
embryo was equivalent in the two groups while the implantation and clinical preg-
nancy rates were even better in the PCOM group [21]. These results were also con-
firmed after having divided the PCOM group in PCOS and “sonographic-only” 
PCOM. Engmann et al. [15] previously reported same results in PCOM patients. 
Hence, the bad prognosis frequently argued regarding pregnancy rates and/or abor-
tion risk could be more related to the metabolic profile than to PCOM per se. It is 
well known that high body mass index (BMI) and hyperinsulinaemia are main con-
tributors to the follicular microenvironment disturbances [9]. Indeed, studies in fol-
licular fluids from PCOS patients highlight high levels of interrelated 
endocrino-metabolic factors such as androgens, VEGF, AMH, insulin and IGF, all 
of them playing an active role in the oocyte-CCs dialogue [9]. Moreover, numerous 
studies highlighted benefits from taking insulin-sensitizing agents like metformin as 
a co-treatment before and during the IVF process [42, 43]. The use of insulin- 
sensitizing drugs in PCOS is reviewed in Chap. 11.
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From another point of view, as mentioned above, it seems that the meiotic/mitotic 
cell cycle pathway is altered in PCOS oocytes [34], but no more aneuploid oocytes 
were detected in PCOS patients [29] as well as no more aneuploidy embryos were 
observed [30]. It is therefore difficult to make the connection between such molecu-
lar specificities and the reality of the clinical experience.

 Conclusion

It remains difficult to conclude about the oocyte competence in PCOS. Molecular 
specificities have been properly highlighted in PCOS oocytes, but it doesn’t mean 
that there are abnormalities in their reproductive competence. Too few studies have 
taken into account the very wide spectrum of PCOS phenotypes and the potential 
influence of comorbidity factors such as obesity and insulin resistance in their 
analysis. However, the largest prospective studies performed in nonobese PCOM 
patients so far are in favour to good pregnancy chances due to a high number of 
good-quality oocytes. The coexistence of a metabolic syndrome to PCOM seems 
to impair the oocyte competence and the pregnancy rates. Prospective studies with 
consensual international diagnosis criteria are needed to allow in better under-
standing of the exact molecular mechanisms involved in the oocyte competence 
according to each phenotype of PCOS and would elucidate if the PCOS oocyte 
deserve its bad reputation.
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5Endometrial Receptivity in PCOS

Giuseppe Benagiano, Paola Bianchi, and Ivo Brosens

5.1  Introduction

The presence of the polycystic ovary syndrome (PCOS) has profound medical impli-
cations for the health of women, well beyond reproduction. This has now been docu-
mented in a comparative longitudinal study that followed women with the disease 
and control subjects and found that the presence of PCOS was associated with an 
increase in hospitalization for reasons unrelated to reproduction, including diabetes, 
obesity, hypertensive disorders, ischemic heart disease, etc. Interestingly, affected 
subjects had a higher admission rate for treatment of infertility (40.9 vs. 4.6%), and 
miscarriage (11.1 vs. 6.1%), and were more likely to require in vitro fertilization 
(IVF) treatments (17.2 vs. 2.0%) [1]. The number and complexity of abnormalities 
observed in women with PCOS suggests that other factors behind anovulation may 
play a role in the infertility or subfertility state of these women, although the hetero-
geneity of the syndrome, including altered expression of genes affecting signal trans-
duction pathways controlling, among others, steroidogenesis, steroid hormone and 
gonadotrophin action and regulation, insulin secretion and sensitivity, energy homeo-
stasis and chronic inflammation, makes a systematic approach very difficult [2].

It is generally believed that in most cases, PCOS-related infertility results from 
the absence of ovulation. At the same time, expert opinions and international guide-
lines underline that there is evidence that anovulation is not the only reason for these 
women’s failure to conceive [3–5].
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Irrespective of its origin, PCOS-related infertility can be successfully treated as 
documented in a very recent review of 9068 women with PCOS showing that stan-
dardized fertility ratios before and after treatment went from 0.80 [95% confidence 
interval (CI) 0.77 to 0.83] to 1.16 (95%CI 1.12 to 1.20), similar to that of the back-
ground population [6]. A recent meta-analysis of randomized controlled trials 
(RCTs) comparing outcomes of IVF in infertile women with and without PCOS 
confirmed the success of available treatments, since no difference could be found 
between groups in clinical pregnancy and live birth rates per cycle [7].

Going back to the origin of PCOS-related infertility, as mentioned available evi-
dence indicates that additional factors may contribute to subfertility in these sub-
jects. A factor that can obviously influence conception rates is oocyte quality, which 
will be discussed in the Chap. 4. Among other specific factors influencing preg-
nancy rates in PCOS, a special role can be attributed to endometrial dysfunction, a 
phenomenon also characterized by a variety of changes in endometrial histomor-
phology and receptivity markers that apparently cannot be corrected by conven-
tional doses of progesterone [8]. Indeed, notwithstanding the availability of diverse 
protocols capable of correcting ovulatory disorders, spontaneous pregnancy rates in 
PCOS have remained comparatively low [9, 10], although they seem to have 
improved with the use of metformin [11].

Intriguingly, complications do not seem to stop once a woman with PCOS con-
ceives, since she will be at a higher risk of miscarriage, both after spontaneous or 
assisted conception (ART) [12–14]. This situation can be improved through the use of 
metformin, an indirect proof that—at least in part—hyperinsulinaemic insulin resis-
tance (IR) contributes to early pregnancy losses (EPL) [15]. Indeed, IR independently 
increases eightfold the risk of spontaneous abortion after ART, suggesting to be one of 
the main risk factors for EPL [16]. Also, a meta-analysis of eight studies including 
1106 patients with PCOS calculated that risk of EPL could be reduced by about 70% 
when using metformin [17]. In addition, meta-analyses and literature reviews have 
documented the existence of an association between the presence of PCOS and major 
obstetric complications [18–20] and in the already mentioned review of almost 10,000 
cases, adjusted odds for preeclampsia, gestational diabetes and premature delivery 
were all increased compared with controls [6]. This topic will be extensively dis-
cussed in Chap. 22, and the reader is referred to it.

Based on these considerations, in the present chapter we will focus on abnor-
malities in endometrial receptivity and persistence in these subjects of ontogenetic 
progesterone resistance observed at birth in a majority of neonates. These two 
important and somewhat neglected features will be illustrated, and suggestions will 
be offered on how to improve the clinical situation.

5.2  Endometrial Functions and Receptivity in Women 
with PCOS

First of all, it should be stressed that different information is obtained when review-
ing experimental data on the effect of PCOS on the endometrium and therefore on 
the fertile window and implantation, then when analysing clinical information. In 
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the latter case, a number of potential confounders exist. Indeed, the effect on the 
endometrium of factors, such as hyperandrogenism, insulin resistance and obesity, 
must be taken into consideration before a firm conclusion can be drawn. As we will 
see when discussing implantation (see Sect. 5.3), endometrial competence is of 
paramount importance for the establishment of a successful pregnancy, and factors 
like obesity, hyperinsulinaemia and more generally metabolic alterations can impair 
endometrial receptivity.

On the other hand, impaired endometrial function in subfertile women can exist 
even in the absence of PCOS. Finally, the possibility exists that different PCOS pheno-
types may contribute differently to endometrial abnormalities, representing yet another 
possible variable. In this regard, a very recent review of modern knowledge of markers 
of endometrial abnormalities in PCOS women reported that they relate to steroid hor-
mone action [21]. Among the modifications observed there were alterations of:

 1. Oestrogen, progesterone and androgen receptors and their coactivators
 2. Endometrial receptivity/decidualization markers, such as the homeobox protein 

HOXA10, αvβ3 integrin and insulin-like growth factor-binding protein 1 
(IGFBP-1)

 3. Insulin receptors and growth factors, glucose transporters
 4. Markers of inflammation/immune cell migration, such as interleukin 6, CC-motif 

ligand and uterine natural killer cells

As a consequence, sequential changes in gene expression are perturbed.
On the other hand, if there is persistent anovulation (often associated to hyperin-

sulinaemia and hyperandrogenaemia), circulating levels of oestradiol (E2) are rela-
tively constant in the range of those observed in the early follicular phase. These 
levels, however, may be enhanced through an increased peripheral conversion of 
androstenedione to oestrone in adipose tissue. In this connection, the expression of 
oestrogen receptors alpha and beta (ERα, ERβ) and of the G-protein-coupled ER 
(GPR30) (a transmembrane receptor that promotes specific binding of naturally 
occurring and synthetic oestrogens) has been measured in the endometrium of 
PCOS patients and controls during the window of implantation and resulted signifi-
cantly lower in the PCOS group [22]. Also found was a significant difference in the 
endometrial pattern, as measured by ultrasound [22].

In spite of these uncertainties, a careful analysis of the specific features of the 
endometrium in women with PCOS is of great value for a better understanding of 
the role of factors other than anovulation in the pathogenesis of subfertility in these 
subjects (Table 5.1).

It seems that when PCOS subjects are oligo- or anovulatory, the regulatory role 
of progesterone is suboptimal or absent, causing a relatively enhanced response to 
E2 [23]. Under these conditions, if folliculogenesis is altered (see Chap. 4), it 
stands to reason that also luteogenesis will be altered; therefore, in subjects with 
PCOS, two different anomalies may exist with regard to progesterone and its 
effects on the endometrium: altered production and altered utilization. The latter 
phenomenon, known as ‘progesterone resistance’, will be discussed in the subse-
quent section.
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Given all these alterations, it is reasonable to assume that the receptivity of the 
endometrium is perturbed in the presence of PCOS and that such an alteration may 
contribute to infertility. A comprehensive review of endometrial aspects of the so-
called ‘window of implantation’ stressed that nidation is a highly coordinated 
event involving both embryonic and endometrial participation [24]. Many of the 
proteins involved are temporally aligned within the ‘window’ and act as chemical 
messengers recognizable by the embryo; they act by facilitating embryonic growth 
and differentiation. These proteins have been progressively utilized as biomarkers 
capable of identifying infertile women with implantation failure. An analysis of 
these biomarkers in women with PCOS suggests that endometrial receptivity may 

Table 5.1 Different endometrial markers in proliferative phase, secretory phase and hyperplasia 
in women with PCOS

Markers PE SE HP
Glucose metabolism
IGFBP-1 ▼ ▼
GLUT 4 ▼ ▼
IRS-1 ▼
Glucose action ▼
Inflammation
IL-6 ∆ ∆
CCL2 (MCP-1) ∆
IL-8 ∆ ∆
RANTES ∆
uNK cells ▼
MMPs
MMP2 ∆
MMP3 ∆
Steroid hormone action
 HOXA10 ▼
AR ∆ ∆ ∆
PR ∆
ERα ∆(−) ∆ ∆
ERβ ∆ (−) ∆
(avb3) integrin ▼ ▼
MUC1 ∆▼
Steroid hormone coactivators
AIBI ∆ ∆
TIF2 ∆
NCoR (−)

PE proliferative phase, SE secretory phase, HP hyperplasia, IGFBP1 insulin-like growth factor-
binding protein 1, GLUT 4 glucose transporter type 4, IRS-1 insulin receptor substrate 1, IL-6 inter-
leukin 6, CCL2(MCP-1) chemokine CC ligand-2 Monocyte chemoattractant protein-1, IL-8 
interleukin 8, RANTES a cytokine that is a member of the interleukin-8 superfamily of cytokines. 
RANTES is a protein, uNK cells uterine natural killer, MMPs matrix metalloproteinases, MMP2 
matrix metalloproteinase 2, MMP3 matrix metalloproteinase 3, HOXA 10 homeobox protein 
 Hox-A10 is a protein that in humans is encoded by the HOXA10 gene, (avb3) integrin the alpha v 
beta 3 "vitronectin receptor" is a member of the integrin superfamily of adhesion molecules,  
MUC1 Mucin 1 cell surface associated, AIB1 amplified in breast cancer 1 (AIBI), TIF 2 transcrip-
tional mediators/intermediary factor 2, NCoR nuclear receptor co-repressor, ▼ decreased,  
∆ increased, (−) no different
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represent the major limiting factor for the establishment of pregnancy in these 
subjects.

In addition, some 15 years ago, overexpression of p160 steroid receptor coactiva-
tors was observed in the endometrium of women with PCOS [25]. These proteins 
serve as transcriptional coactivators for a number of nuclear and non- nuclear recep-
tors, and the observation seems consistent with an altered response to progesterone. 
Therefore, it is likely that two mechanisms are at work in women with PCOS: an 
increased sensitivity to oestrogens and a relative resistance to progesterone. In the-
ory, both may contribute to disrupting implantation.

A number of other investigations have documented the existence in the endome-
trium of women with PCOS of an impaired endometrial receptivity during the 
implantation window. A 2011 review of available data on the endometrium in 
women with PCOS at the time of the implantation window analysed 105 published 
articles and concluded that endometrial receptivity is the major limiting factor for 
the establishment of pregnancy in women with PCOS (as well as of in a large num-
ber of other gynaecological diseases) [26].

The upregulation of the homeobox gene HOXA10 (necessary for the receptivity 
to embryo implantation) has been also investigated [27]. In vitro findings, as well as 
endometrial biopsies obtained from women with PCOS, show that testosterone 
decreases HOXA10-mRNA, leading to the conclusion that diminished uterine 
HOXA10 expression may contribute to the diminished reproduction potential of 
women with PCOS. A subsequent evaluation of the gene and protein expression of 
steroid and nuclear receptor co-regulators, as well as of markers of uterine receptiv-
ity in the endometrium of women with PCOS during the mid-secretory phase, found 
that the endometria exhibited higher levels of mRNA and protein for ERα and 
coactivators. A greater progesterone receptor (PR) and lower β3-integrin expression 
were also observed, leading to the conclusion that these alterations may contribute 
to an impaired implantation [28]. In a comparative study using microarray tech-
niques, 21,571 genes were screened in the endometrium of PCOS and normal sub-
jects [29]. In PCOS, many genes, including those regulating membrane  function, 
adhesion, invasive growth and the cytoskeleton functioning, resulted downregulated 
during the implantation window. Specifically, the expression of transmembrane 
superfamily member 4 (associated with adhesion mechanisms) and matrix metal-
loproteinase 26 (shown to be related to degradation of extracellular matrix) resulted 
significantly downregulated in women with PCOS [29].

The effect of androgens on the expression of genes involved in oxidative stress 
resistance in decidualized human endometrial stromal cells has also been investigated 
[30]. These cells, isolated from hysterectomy specimens, were decidualized with 
8-bromo cyclic adenosine monophosphate (8-br-cAMP) and progesterone in the 
presence or absence of dihydrotestosterone at various concentrations. It was 
concluded that androgens might play a critical role in the decidualization process at 
the time of embryo implantation and trophoblast invasion, by promoting resistance 
to oxidative stress. In the endometrium of PCOS patients, there are also differences 
in FADD (a gene that plays a role in cell proliferation, cycle regulation and 
development) and BCL-2 (a gene encoding a protein that blocks the apoptotic death 
of certain cells, such as lymphocytes) expression during the window of implantation 
[31]. This suggests that the decrease in cell apoptosis during the implantation 
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window in PCOS patients may be one of the causes of reduced endometrial 
receptivity.

A recent systematic review documented the existence of a differential gene regu-
lation in the endometrium of women with PCOS [32] and its critical effect not only 
on insulin resistance and hyperandrogenism but also on endometrial receptivity, 
implantation failure, early pregnancy loss and preterm birth.

The effect of micronized progesterone was comparatively evaluated in the endo-
metrium of women with PCOS and in normal controls during both the proliferative 
and secretory phases of the cycle [8]. Following treatment, during the secretory 
phase, the endometrium of women with PCOS exhibited a lower number of glands 
and thicker luminal epithelium, together with a reduced integrin and MECA-79 
immunoexpression. The latter is a marker for the so-called high endothelial venules 
(specialized postcapillary venous swellings characterized by plump endothelial 
cells enabling circulating lymphocytes to enter a lymph node). In addition, during 
both phases the expression of E-cadherin was higher and that of intercellular adhe-
sion molecule-1 was lower during both the secretory and proliferative phases. This 
led to the conclusion that conventional doses of progesterone may not be enough to 
correct changes in endometrial histomorphology, as well as the expression of recep-
tivity markers in PCOS women. The obesity may be a factor that interferes with this 
response.

Recently, the endometrial apolipoprotein A1 expression, another marker of 
endometrial competence, resulted to be upregulated in PCOS patients, especially 
during the proliferative phase [33]. It seems therefore that also the abnormal 
expression of this protein can affect negatively endometrial receptivity. An 
examination of the expression of epithelial Na+ channels in the endometrium of 
overweight/obese women with PCOS during the window of implantation found a 
decreased expression of the gamma form (γ-ENaC) during the secretory phase in 
patients with increased serum leptin levels [34]. Clinically, these patients showed a 
significantly increased biochemical pregnancy rate, suggesting that high serum 
leptin may reduce endometrial receptivity by activating the signal transducer and 
activator of transcription protein STAT3 and downregulating γ-ENaC expression in 
the endometrium.

A recent, systematic review of cell adhesion molecules and ER expression in the 
endometrium of women with PCOS found conflicting results with respect to MUC1 
and αVβ3-integrin expression, with significantly higher and lower levels, respectively 
[35]. ER expression is enhanced among patients with PCOS as compared to healthy 
women. This means that endometrial factors influence embryo receptivity, modifying 
the profile of molecular mediators, including cell adhesion molecules and ERs.

Finally, the presence and variations in the endometrium of glucose transporter 4 
(GLUT4), a protein involved in the mechanism of insulin resistance in PCOS 
patients, have also been studied [36]. It was found that GLUT4 mRNA and its 
positive immunostaining reaction were present in endometrial epithelial cells of 
both normal and PCOS subjects. However, significantly higher levels of GLUT4 
were observed in normal and lean normoinsulinaemic PCOS subjects whereas in 

G. Benagiano et al.



47

normo- and hyperinsulinaemic obese PCOS women, GLUT4 was significantly 
lower than in lean subjects. Interestingly, normoinsulinaemic obese and lean 
hyperinsulinaemic PCOS patients showed a similar low GLUT4 expression. They 
concluded that hyperinsulinaemia and obesity probably have a negative effect on 
endometrial GLUT4 expression.

5.3  Progesterone Resistance in Women with PCOS

As mentioned, the existence of a degree of resistance to the action of proges-
terone seems to be the other factor responsible for a decrease in fertility in 
women with PCOS. The concept of ‘progesterone resistance’ is not new, and 
the condition has been found in a number of situations. Almost 40 years ago, 
the case was presented of a young infertile woman who, in repeated late luteal 
phase endometrial biopsies, showed glandular stromal dissociation with failure 
to undergo decidualization, in spite of a normal progesterone serum profile. 
This abnormality could not be corrected by progesterone administration 
because approximately one half the number of high affinity progesterone- 
binding sites were present in the cytosol fraction of this subject compared to 
normal controls. Thus the phenomenon might have been due either to this 
decrease in the number of stromal cytosol receptors, or to a resistance to 
 specific hormone action, or both [37].

The new concept of ‘progesterone resistance’ was defined in 1986 [38]; it 
implies a decreased responsiveness of target tissues to bioavailable progesterone 
and can be observed in cancer patients [39–41], in women with adenomyosis [42] 
and endometriosis [43] and in a majority of neonates [44]. Moreover, it has been 
argued that the term ‘progesterone resistance’ represents a misnomer, because the 
phenomenon involves a modification of a series of key endometrial signal trans-
duction pathways [45]. Using these abnormalities as a marker, the phenomenon 
also occurs in women with recurrent pregnancy loss. It has been conjectured that 
steroid hormone responses in the endometrium are likely to be much more 
dynamic and complex than previously appreciated. Progesterone resistance, as 
manifested in conditions like endometriosis, is not just a consequence of per-
turbed progesterone signal transduction caused by chronic inflammation but is 
associated with long- lasting epigenetic reprogramming of steroid hormone 
responses in the endometrium and beyond. In this context, it is assumed that 
cyclic endometrial decidualization followed by menstrual shedding is an example 
of the physiological preconditioning that prepares uterine tissue for the dramatic 
vascular remodelling associated with deep placentation. Indeed, deep placenta-
tion involves the remodelling of the spiral arteries in the placental bed, including 
the endometrial and, most critically, the myometrial segments. However, both 
molecular aspects and clinical relevance of this phenomenon are far from having 
been established, with several mechanisms being proposed, all converging on 
nuclear PR.
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Interestingly, evidence is accumulating that in the endometrium of women with 
PCOS, there is an impaired response to progesterone. An abnormal response in 
women with PCOS was first observed in 2008 [46] in two cases of atypical 
endometrial hyperplasia in subjects with PCOS; in these patients high-dose 
progestin therapy failed to reverse the hyperplasia, and the two subjects were 
therefore labelled as ‘progesterone resistant’. The administration of metformin and 
of oral contraceptives caused the endometrium to become proliferative without any 
further evidence of pathology [46].

The possibility that in PCOS patients there may be a degree of progesterone resis-
tance prompted an investigation to analyse total RNA from normal fertile controls and 
from women with PCOS, either treated with clomiphene citrate (CC) or with daily 
administration of progesterone [47]. It was found that among the three groups, there 
were 5160 significantly different genes, 466 of which were differentially regulated in 
fertile controls and in PCOS patients. A significantly lower expression of a number of 
progesterone-regulated genes was found in the endometrium of PCOS patients. 
Among them are the hypoxia-related mitogen- inducible gene 6; the leukaemia inhibi-
tory factor, an interleukin-6 type of cytokine affecting cell growth by inhibiting dif-
ferentiation; the GRB2-associated binding protein-1 that plays a central role in cellular 
growth response, transformation and apoptosis; the S100 calcium-binding protein P; 
and claudin-4, a membrane protein present in epithelial cell tight junctions. In contrast 
to this, cell proliferation genes such as anillin and cyclin B1 were upregulated. These 
anomalies lead to the conclusion that differences in gene expression provide evidence 
of progesterone resistance in mid-secretory PCOS endometrium. As a matter of fact, 
dysregulated signalling pathways in the endometrium of patients with PCOS com-
pared to that of normal subjects had already been observed in 2009 [48], when it was 
found that several biological pathways including cell cycle, apoptosis, glycolysis and 
integrin- Rho- cytoskeleton network were aberrantly downregulated in the endome-
trium of women with PCOS.

Further evidence of a resistance to progesterone action in subjects with PCOS 
has now been produced, and it has been suggested that over-binding of progesterone 
in stromal cells could lead to E2-induced epithelial cell proliferation [49]. This 
hypothesis is based on experimental animal studies showing that functional stromal 
cells are necessary for proper epithelial cell proliferation and differentiation in the 
endometrium [50]. It has been speculated that failure of progesterone-induced 
stromal cell proliferation mediated by PR could be at the origin of progesterone 
resistance in PCOS patients. Also ERs may play a role; since ERβ is necessary to 
inhibit E2-induced epithelial cell proliferation, it is believed that stromal PR and 
ERβ produce the same inhibitory action on epithelial cell proliferation [49].

In conclusion, modification of endometrium gene expression is one of the con-
ditions present at the onset of PCOS in women with progesterone resistance [50–
53]. A similar situation exists in women with endometriosis, both in terms of 
progesterone resistance and alteration of PR-related genes [54], although differ-
ences also exist. For instance, on the one hand, downregulation of PR-related 
mitogen- inducible gene 6 (active in limiting malignant transformation) is found 
both in endometriosis and in PCOS [47, 52]; on the other, differences exist in the 
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regulation of PR-related transforming growth factor β-1 (a potent cell regulator 
and a multifunctional signalling molecule) between women with PCOS [45] and 
those with endometriosis [51]. The expression of progesterone-regulated mucin 1 
(MUC1) (lining the apical surface of epithelial cells and belonging to a family of 
glycoproteins protecting the body from infection) has been investigated in women 
with endometriosis and with PCOS, since this protein is expressed in the endome-
trium of fertile women and carries selectin ligands recognized by the human blas-
tocyst. As such, an altered MUC1 expression during the window of implantation 
may contribute to infertility of endometrial origin [52]. The expression of the 
terminal domain of MUC1-N (MUC1-ND) is significantly higher in ovulatory 
PCOS than in fertile and anovulatory PCOS patients, even after progesterone 
stimulation. In contradistinction to this, only MUC1-C-subunit cytoplasmic 
domain expression was lower in endometriosis patients [52]. Endometrial ER 
expression was significantly higher in PCOS and endometriosis patients, whereas 
PR expression was significantly higher in PCOS than in fertile patients. This led 
to the hypothesis that the different PR-related gene expression profiles between 
women with PCOS and with endometriosis could be related to differences in PR 
isoform expression [49].

5.4  Potential Consequences of Progesterone Resistance 
in PCOS

The possibility of a luteal dysfunction due to progesterone resistance in PCOS 
patients is not without consequences, as it can be at the origin of an altered endome-
trial receptivity and, even if implantation occurs, of an abnormal decidualization 
and placentation.

5.4.1  Abnormal Endometrial Competence

Following fertilization and blastocyst formation, the critical and step-limiting factor 
for the establishment of a successful pregnancy is the complex phenomenon of 
implantation. Obviously the condition sine qua non for successful implantation is a 
good-quality embryo; at the same time, an equally vital role is played by two other 
phenomena: a temporally coordinated differentiation of endometrial cells to opti-
mize their ability to receive the embryo, and a synchronized dialogue between 
maternal and embryonic tissues [55]. In this connection, it has been shown through 
third-party parenting in IVF (where the source of oocytes is separated from the 
endometrium, making possible to assess separately embryo and endometrial devel-
opment) that E2 and progesterone are the only hormones necessary to prepare the 
endometrium for implantation [56].

There are several conditions in which experimental investigations have shown 
that the absence or suppression of molecules essential for endometrial receptivity 
results in decreased implantation rates. Among them is PCOS, where the possibility 
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of a luteal dysfunction due to progesterone resistance becomes important. 
Unfortunately, as it has been recently pointed out, in spite of a wide availability of 
clinical and instrumental methods for assessing endometrial competence, 
reproducible and reliable diagnostic tests for luteal phase inadequacy are yet to be 
developed [57].

Physiologically, successful embryonic implantation is the result of three 
equally important factors: a receptive endometrium, a functional embryo at the 
blastocyst stage and a synchronized dialogue between maternal and embryonic 
tissues [58]. As already detailed above (Sect. 5.2), during each menstrual cycle 
there is a short period of embryonic receptivity known as the ‘window of 
implantation’, an expression that refers to the temporally limited ability of the 
endometrium to allow the blastocyst to attach, penetrate and induce localized 
changes in its stroma. Such a delicate and well-timed chain of events can be 
easily deranged, and there is now evidence that gene expression in the endome-
trium at the time of the implantation window is altered in obese women in gen-
eral and more specifically in obese PCOS subjects. In fact, it has been observed 
that the luteal phase endometrial transcriptome is altered in obese women dur-
ing the window of implantation, with 151 genes dysregulated compared with 
controls [59]. In addition, it has been observed in an in vitro model [54] that, 
following hormonal challenge with E2 and progesterone, in some cases endome-
trial stromal fibroblasts from women with PCOS showed aberrant decidualiza-
tion though they all exhibited normal oestrogen-mediated increase in PR-G 
expression.

Although translation of experimental findings in the clinical setting requires cau-
tion, there is today evidence that in vivo these aberrations may result in suboptimal 
implantation.

A good, yet totally unexplored human model to investigate endometrial resis-
tance to the action of progesterone is the neonatal endometrium, where responses 
indicative of progesterone resistance were documented over 60 years ago [44]. We 
know today that both male and female foetuses during pregnancy are exposed to 
progressively increasingly higher plasma concentrations of unbound oestrogens and 
progesterone. In particular, in the foetal circulation progesterone rises to values 
much higher than in the maternal circulation [60]. Yet, in an autopsy study of 169 
neonates or term foetuses, it was found that in a majority of them (68%) the endo-
metrium failed to respond to these high circulating levels of progesterone and 
remained either proliferative or inactive [44]. A partial or early response (presence 
of subnuclear vacuolization) was found in 27% and full reaction (decidualization or 
menstrual-like shedding) in only 5%. In addition, an examination of ovaries evi-
denced that they were frequently polycystic, although they failed to show any sign 
of ovulation or corpus luteum formation [44]. Thus, remarkably at birth the majority 
of neonates satisfy the current criteria for the diagnosis of PCOS by the presence of 
polycystic ovaries, anovulation and progesterone-resistant endometrium [61].

Under the circumstances, the hypothesis can be made that the spectrum of proges-
terone resistance described above is likely to persist till the onset of puberty when 
endogenous oestrogens begin stimulating endometrial cells. A persisting degree of 
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endometrial progesterone resistance after menarche may be linked to defective deep 
placentation and major obstetrical disorders, including preeclampsia, foetal growth 
restriction and preterm birth [62, 63]. These complications therefore would be both 
a consequence of the ‘ontogenetic progesterone resistance’ and of the need for ‘men-
strual preconditioning’, a concept implying that menstruations (i.e. progesterone 
withdrawal bleedings) evolved in the human because of the need to initiate decidual-
ization in the absence of pregnancy and protect uterine tissues from the profound 
hyperinflammation and oxidative stress associated with deep placentation.

According to this theory, the human uterus acquires the competence for deep 
placentation in response to dynamic remodelling events triggered by true men-
struations, miscarriage or parturition [64]. If ontogenetic progesterone resis-
tance persists in some young girls until menarche and if full progesterone 
responsiveness is achieved gradually after the onset of cyclic menstruations, 
then the presence of anovulatory cycles early in reproductive life (as may be the 
case in PCOS) can become the source of complications. In this respect, it is well 
accepted that the pathogenesis of late-onset preeclampsia in the primigravida is 
linked to defective deep placentation, defined by a restricted remodelling of the 
myometrial segments of the spiral arteries in the placental bed [65]. Recently, 
data were collected from a large cohort of nulliparous teenagers with singleton 
deliveries aged 13–15, 16–17 and 18–19 years and outcomes compared with 
those in a very large control group of 25–29-year-old women. Results indicate 
that teenage mothers face increased risks of complications, such as anaemia, 
proteinuria, urinary tract infection, pyelonephritis and preeclampsia [66]. Such 
a risk however decreased with age. Of importance is the finding regarding the 
risk of preeclampsia and preterm delivery, respectively, about four and threefold 
higher among 13–15-year- olds [66]. This may be considered as an indirect sign 
of incomplete endometrial maturation in very young mothers. On the other 
hand, a complete endometrial maturation in these adolescents is probably 
achieved only after a series of ovulatory cycles [67].

5.4.2  Decidualization and Placentation

The process of fertilization in women with PCOS and its outcome has been exten-
sively investigated and is reported in the Chap. 4. Therefore, here only issues relat-
ing to decidualization and placentation will be discussed.

The rationale for investigating the uteroplacental vessels in women with PCOS 
has been its association with the so-called great obstetrical syndromes (preeclampsia, 
intrauterine growth restriction, preterm labour, preterm/premature rupture of 
membranes, late spontaneous abortion and abruptio placentae). Indeed, these 
women are at increased risk of pregnancy and neonatal complications [14, 68] and 
therefore it is important to examine whether this situation is, at least in part, due to 
defective decidualization and placentation.

In humans decidualization is a progesterone-driven differentiation essential to 
prepare the uterus for successful embryo implantation and deep placentation. This 
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process starts in the mid-luteal phase of the menstrual cycle and takes place whether 
or not fertilization has occurred. In case of pregnancy, full remodelling of some 60 
spiral arteries is required for supporting the increase of endometrial blood flow 
from less than 1% up to 25% of the cardiac output. Stromal cells surrounding the 
spiral arteries and abundant uterine natural killer (uNK) cells in the endometrium 
are mounting the early decidual vascular response that results in distension of the 
vessel [69]. The progressive decidualization of the spiral arteries is reflected by 
loss of the musculo-elastic structure to be followed by endovascular and interstitial 
trophoblast invasion from the decidua till the inner myometrium. This process 
transforms these spiral arteries into large fibro-fibrinoid vessels connecting the 
larger uterine arteries with the intervillous space of the placenta [70]. Different 
types of defective deep placentation have been described in association with the 
‘great obstetrical syndromes’ (Figs 5.1 and 5.2). Preeclampsia is characterized by 
persistence of the musculo-elastic structure in the majority of myometrial spiral 
arteries, except in the centre of the placental bed [64, 71]. A similar, although 
milder, defective remodelling occurs in preterm birth [72, 73]. On the other hand, 
preexisting hypertensive conditions affect the proximal myometrial segments by 
obstructive atherosclerotic lesions. Several authors have investigated the vascular 
pathology of the placenta and placental bed in women with PCOS. Unfortunately, 
the investigations of defective deep placentation in PCOS have—up to now—not 
included histopathology of placental biopsies in patients with PCOS and adverse 
pregnancy outcome (Table 5.2).

To investigate whether decidual endovascular trophoblast invasion in pregnant 
women with PCOS is impaired, a case-control study of pregnant subjects waiting 
for legal pregnancy termination has been conducted [74] in PCOS patients, and 
healthy non-PCOS pregnant controls matched for age and body mass index (BMI) 
without any feature of PCOS. All pregnancies were terminated at the week 12 of 
gestation, and fragments of placental and decidual tissue were obtained by an aspi-
ration technique. The rate of implantation vessels with endovascular trophoblast 
was significantly lower in patients with PCOS compared with healthy non-PCOS 
controls. However, the question arises whether in the absence of endovascular tro-
phoblast any structureless vessel opening in the basal plate can be identified as arte-
rial rather than venous. It is precisely because of this difficulty that the large vessels 
in the basal plate of the placenta were coined ‘sinusoids’ till serial sections of pla-
cental bed biopsies identified them as arterial by their continuity with myometrial 
spiral arteries [75]. It has been speculated that pregnancies with a high- resistance 
uterine artery flow pattern in the first trimester of pregnancy are associated with a 
less extensive trophoblastic invasion pattern of the decidual vessels [76]. However, 
it is indeed unlikely that the loose endovascular trophoblast ‘plugging’ can be 
expected to result in any vascular resistance prior to the establishment of an effec-
tive intervillous blood flow.

A quantitative morphological study of intact hysterectomy specimens with pla-
centa in situ ranging from 8 to 18 weeks’ gestation obtained at the time of steriliza-
tion by hysterectomy revealed a tendency for maximal invasive activity to occur at 
the centre and, subsequently, to extend centrifugally to produce an annular pattern 
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[76]. This investigation indicates that probably uterine artery resistance and endo-
vascular trophoblast invasion of the decidual arteries are not directly related events. 
Rather, it is likely that progressive expansion of the remodelling process with decid-
ualization and interstitial and endovascular trophoblast invasion resulting in fibro-
fibrinoid changes of the spiral arteries in depth as well as centrifugally plays a 
critical role in the relief of the uterine flow resistance. Indeed, a pattern of full 

a b

Fig. 5.1 Classification of defective deep placentation. (a) Spiral arteries in the centre of the pla-
cental bed show full transformation of the arterial wall including the myometrial segment. (b) 
Spiral arteries in the paracentral zone show the absence of transformation of the wall and as seen 
in this case, the obstructive atherosis in the myometrial spiral artery is underlying a placental 
infarction. From: Brosens et al. [71]
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remodelling of spiral arteries in the centre, but defective vascular remodelling of the 
myometrial segment in the paracentral and peripheral zones with placental throm-
bosis and infarction, has been described in pregnancies complicated by preeclamp-
sia and small for gestational age babies [71]. This raises questions of how 
representative of the true situation are histological sections from the central region 
of the placenta.

Finally, on the basis of the variable incidence of microscopic placental lesions, it 
is believed that early trophoblast invasion and placentation observed in PCOS vary 
widely according to the phenotype [77, 78].

Table 5.2 Types of defective 
deep placentation and 
subsequent obstetrical 
complication

Remodelling of myometrial 
spiral artery Obstetrical complication
Absent (except for centre) Preeclampsia
Partial Preterm labour

Preterm premature 
rupture of membranes
Small for gestation age

Absent and obstructive lesions Small for gestation age 
with preeclampsia
Abruptio placentae

Normal pregnancy

Dec.

Dec.

Myo.

Myo.

Preeclampsiab

a

Fig. 5.2 Differences in placental bed in normal and defective deep placentation. (a) Normal pla-
cental bed with full transformation of the myometrial (Myo) spiral arteries, except at the periphery 
of the placental bed. (b) Defective deep placentation is characterized by non- transformation of the 
myometrial spiral arteries with a reduction of the central area with deep placentation. From 
Brosens et al. [71]
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5.5  Treatment Options to Improved Endometrial 
Competence

A number of medical, as well as non-medical, interventions have been attempted in 
order to improve endometrial receptivity and implantation rates in women with 
PCOS. Unfortunately, no real breakthrough has been obtained in this area, and no 
systematic evaluation has been carried out.

In any event, the first and most important interventions are those aimed at elimi-
nating abnormalities present in the majority of these patients: obesity, metabolic 
disorders (dyslipidemia, diabetes), insulin resistance and anovulation.

In this respect a number of promising leads exist.
First, the relationship between regular physical activity and reproductive perfor-

mance has been assessed in obese infertile patients with stable bodyweight, under-
going IVF [79]. It was found that the percentage of pregnancies was significantly 
higher in obese patients who did physical activity regularly compared with those 
who did not, concluding that regular physical activity before IVF is significantly 
related with improved reproductive performance in obese infertile patients, irre-
spective of bodyweight loss [79].

Starting from the assumption that PCOS negatively affects the endometrium, in a 
way that may lead to implantation failure and proliferative aberrations, an attempt has 
also been made to correct endometrial aberrations through dietary management and 
physical exercise [80]. The study involved overweight/obese and normal-weight 
women with PCOS and BMI-matched regularly menstruating controls. Before starting 
their intervention levels of mRNA ERα, its variant ERα36 (which mediates rapid oes-
trogen signalling and inhibits genomic oestrogen signalling) and the ERα/ERβ mRNA 
ratio were lower in proliferative endometrium of overweight/obese PCOS women 
compared with controls but increased significantly after intervention in proliferative 
endometrium resulting higher in PCOS women with improved menstrual function than 
in those without improvement [80]. Thus, although lifestyle intervention improves the 
clinical features, this per se cannot fully restore normality. However, it has been specu-
lated that manipulating the expression of key endometrial genes with gene or stem 
cell-based therapies may someday be used to normalize implantation rates [55].

An obvious objective in any effort to improve the endometrial competence in 
PCOS patients is the elimination/improvement of progesterone resistance. 
Unfortunately, since the very first description of the condition, it appeared that high 
doses of progesterone fail to work [37]. As documented by neonatal progesterone 
resistance, the issue here is not a lack of progesterone; rather it is the inability of the 
endometrium to respond to it [44].

Changes in the endometrium capable of optimizing endometrial receptivity are 
metabolically demanding, and glucose metabolism is important for the preparation 
of the endometrium for embryo implantation [58]. Specifically, decidualization of 
endometrial stromal cells is dependent on increasing expression of glucose and its 
transporter. Since one of the symptoms of PCOS is obesity, this is one more reason 
why it may influence the rate of implantation. Finally, in an attempt to rectify the 
endometrial insulin signalling in overweight/obese women with PCOS, the 
effectiveness of lifestyle interventions aiming at weight loss has been formally 
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tested [81]. It was found that such an intervention can upregulate, both at the mRNA 
and protein levels, components of insulin signalling in the endometrium of obese or 
overweight patients, as clinically shown by an improved menstrual pattern. Indeed, 
in this study, following weight loss menstrual patterns improved in 65% of the 
subjects, and levels of insulin receptor substrate-1 (IRS1) and GLUT were signifi-
cantly upregulated in their endometrium. The study concluded that upregulation of 
these two factors can help improving glucose homeostasis and restoring the func-
tioning of the endometrium in women with PCOS [81].

On the pharmacological side, a molecular analysis of the endometrium of women 
with PCOS has been carried out following administration of CC or letrozole [82]. It 
was found that only the latter was able to influence positively several markers of 
endometrial receptivity, including endometrial thickness, resistance and pulsatility 
indices of sub-endometrial and endometrial blood flow [83]. Finally, in a large 
double-blind, multicentre RCT, women who received letrozole had more cumula-
tive ovulation and live births than those who received CC [84].

A technique recently suggested to improve the probability of embryo implantation 
in women undergoing IVF involves causing endometrial injury by scratching. This 
technique has been applied also to women with PCOS. As to the mechanism of action, 
endometrial injury may trigger a series of biological responses, although no particular 
pathway seems responsible. Rather, there seems to be a cluster of events in response 
to trauma which benefits embryo implantation [85, 86]. The ensuing inflammatory 
response is documented by a statistically significant increase in macrophages/den-
dritic cells and of pro-inflammatory cytokines, tumour necrosis factor-α, growth-reg-
ulated oncogene-α, interleukin-15 and macrophage inflammatory protein 1B [87].

The validity of this technique has been tested in 2014 in a large RCT involving 
300 subfertile women scheduled for IVF [88]. Although the study concluded that 
the technique does not improve ongoing pregnancy rates, the cases included in 
the study were totally unselected [89]. Therefore, because of potential biases, the 
possibility of a therapeutic effect remains uncertain. To resolve the issue, three 
clinical trials have been designed and are currently in progress [90]. Named 
‘Pipelle for Pregnancy’ (PIP), these trials will evaluate endometrial scratching in 
three different populations, one being women with PCOS undergoing IVF.

 Conclusion

The clinical significance of endometrial abnormalities found in women with 
PCOS is still unclear and controversial. The reason is simple: the majority of data 
available come from molecular biology studies, and they have not been clinically 
validated. In addition, no single marker exists to predict the clinical outcome of an 
attempt to establish a successful pregnancy, and, to this day, no agreed screening 
protocols/recommendations for women with PCOS have been established. Also, 
no standardized and agreed clinical protocol exists for the treatment of endome-
trial abnormalities in women with PCOS. Probably this is due to the fact that 
meta- analytic clinical data found no difference in the chance of embryo transfer 
per oocyte retrieval and no significant difference in clinical pregnancy rates per 
cycle in infertile IVF patients with PCOS [7]. This means that, at least in patients 
subjected to IVF cycles, there is little impairment in endometrial receptivity.
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In conclusion, what are urgently needed are studies correlating the experi-
mentally observed endometrial abnormalities to pregnancy outcome.
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6.1  Introduction

Infertility is defined as a failure to conceive after 12 months of unprotected inter-
course [1]. Some prefer the term subfertility since many couples are not sterile but 
exhibit decrease reproductive potential or will have a child after fertility  intervention. 
Due to the declining fertility with increasing age, couples in which the female part-
ner age is older than 35 years may be considered as infertile after 6 months of 
unprotected intercourse [1]. Recent data show that human fertility is probably 
higher than has previously been estimated. It is estimated that monthly fecundabil-
ity is 30–38%. Conception usually occurs within 6 cycles of timed intercourse, 
85–92% in 12 months [2, 3]. Infertility affects 10–15% of couples and has impor-
tant psychological, economic, demographic, and medical implications  
[4, 5]. Contrary to popular belief, the overall incidence of infertility has remained 
relatively stable during the last four decades. However, the evaluation and treatment 
of infertility has improved dramatically.

Evaluation of infertility should focus on the couple and not solely on the female 
partner. The World Health Organization (WHO) Task Force on Diagnosis and 
Treatment of Infertility evaluated 8500 infertile couples and utilized standard diag-
nostic criteria to determine the medical conditions contributing to infertility. In 
developed countries, female factor infertility accounts for 37% of infertile couples, 
male factor infertility for 8%, and both male and female factors for 35% [6]. The 
main causes of infertility include ovulatory dysfunction (20–40%), tubal and uter-
ine factors (30–40%), endometriosis (6%), and male factor (30–40%). In about 15% 
of cases, no clear cause of infertility could be found (unexplained infertility) [7–9]. 
The prevalence of each cause of infertility varies with age [10]. Couples in which 
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the female partner has PCOS may have additional factors contributing to infertility 
like those in the general population such as tubal or male factor. It is important to 
perform complete fertility evaluation for the infertile couple and not to focus only 
on the polycystic ovary syndrome (PCOS) [11].

Infertility investigation is usually performed after a year of infertility. Earlier 
evaluation should be offered to those with conditions contributing to infertility such 
as irregular menses, history of pelvic inflammatory disease or endometriosis, pos-
sible male factor, and women over 35 years old. One of the common causes of 
infertility is ovulatory disorder usually due to PCOS. It affects 5–7% of reproduc-
tive-aged women [12]. Other possible causes of anovulation include hyper or hypo-
thyroidism, hyperprolactinemia, congenital adrenal hyperplasia, Cushing syndrome, 
and androgen-secreting tumor.

In infertile patients with PCOS, the infertility can be due to oligo-anovulation, 
usually related to hyperandrogenism (see Chap. 3), although several additional fac-
tors may contribute to infertility (Fig. 6.1). In fact, the increasing prevalence of the 
PCOS may be related to environmental factors, including dietary habits, behavior, 
or other undefined factors. Several factors are also responsible for the increase in 
obesity, insulin resistance, and metabolic syndrome which may contribute directly 
or indirectly to PCOS and its comorbidities. Those environmental and behavioral 
changes may also be cofactors leading to impaired fertility [13]. Abnormalities of 
endometrial and oocytes competences cannot be excluded, as discussed in Chaps. 4 
and 5. Finally, other concomitant factors of subfertility affecting the couple can play 
a clinical and pathogenic role.

This chapter discusses factors leading to anovulation in women with PCOS and 
additional characteristics of PCOS women that may affect their fertility potential.

PCOS Infertility 

Obesity

Oocyte quality

Endometrial
receptivity

Insulin resistance

Hyperandrogenism

Vitamin D

Fig. 6.1 Main PCOS-related factors that may contribute to infertility in women with the syndrome
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6.2  PCOS-Related Factors of Infertility

6.2.1  Hyperandrogenism

Hyperandrogenism is the main feature of PCOS. According to the Rotterdam crite-
ria, PCOS can be defined in the absence of hyperandrogenism. However, many 
believe that the occurrence of hyperandrogenism is a must criterion for PCOS that 
plays an important role in the pathophysiology of PCOS.

Hyperandrogenism evaluation should include clinical features (hirsutism, acne, or 
male-pattern alopecia) and hormonal measurements (see also Chap. 2). Serum andro-
gen profiles in PCOS are characterized by elevated total testosterone, increased levels 
of bioavailable testosterone, and decreased levels of sex hormone binding globulin 
(SHBG). Hyperandrogenism is due to overproduction of those hormones from the 
ovary [14–16] and to a less extent from the adrenal gland [17]. The first step in andro-
gen synthesis takes place in the LH-stimulated theca cells mediated by microsomal 
P450c17 [18]. In fact, alterations of P450c17 activity at transcriptional and posttran-
scriptional levels have been implicated in PCOS etiology. Exaggerated ovarian response 
to LH is further amplified by increased LH levels in amplitude and frequency [19].

Androgens play a critical role in the local ovarian environment. Androgens are 
converted to estrogen by aromatase enzyme. Early follicles acquire androgen 
receptors, and androgen affects folliculogenesis at the early follicle-stimulating 
hormone (FSH)-independent phase contributing to early follicular growth [20]. At a 
more advanced stage, androgens play a synergistic role with insulin and luteinizing 
hormone (LH) hindering follicular development.

Local ovarian androgens as commonly seen in PCOS are converted to more 
potent 5α-reduced androgens which cannot be converted to estrogen. Those andro-
gens inhibit aromatase activity and FSH induction of LH receptors on granulosa 
cells preventing follicular development. Follicles continue to grow but are arrested 
at early stage before maturation. It leads to the classic polycystic ovarian morphol-
ogy (PCOM), multiple small follicular cysts surrounding hypertrophic theca cells 
(see also Chap. 8). The exact mechanism leading to the arrest of follicular growth is 
yet to be established. Perhaps, it is related to premature activation of the follicles by 
LH. Willis et al. [21] found LH-induced secretion of estradiol and progesterone 
from follicles as small as 4 mm from anovulatory PCOS women compared to 
9–10 mm from ovulatory women. This premature response to LH is associated with 
accumulation of cAMP which is responsible for follicular developmental arrest 
[22]. Consequently, high level of ovarian androgen impedes follicular maturation, 
promotes follicular atresia, and prevents the development of a dominant follicle.

Hyperinsulinemia and obesity potentiate LH activity even more and contribute to 
the development of hyperandrogenic state [23, 24]. Circulating androgen is 
increased due to direct ovarian stimulation by hyperinsulinemia and by decreased 
SHBG production in the liver. Abnormal genetic expression leading to impaired 
regulation of several steroidogenesis enzymes is also another possible mechanism 
[25, 26]. In short, hyperandrogenism is the leading cause of anovulation and infer-
tility among women with PCOS.
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6.2.2  Obesity

In the last four decades, the incidence of obesity has been increasing in the United 
States (US) and Europe [27–29], and in 2008 64% of women in the USA were 
overweight or obese [30] (see also Chap. 13). Obese women are prone to develop 
comorbidities, particularly type II diabetes mellitus, metabolic syndrome, a vari-
ety of cancer, and cardiovascular diseases [31, 32]. They may also have hormone- 
dependent comorbidities and infertility mostly related to PCOS- related anovulation 
[33]. In fact, the risk of PCOS rises with increasing obesity [34, 35]. The preva-
lence of overweight or obesity among PCOS women is 30% to 75% [13]. 
Abdominal and visceral adipose tissue plays a key role in the development of this 
disorder, as increased abdominal fat is observed in normal weight PCOS women 
as well.

Whereas hyperandrogenism and menstrual irregularities represent major com-
plaints in adolescence with the PCOS, symptoms related to androgen excess, oligo-
menorrhea or amenorrhea, and infertility are the main complaints of reproductive-aged 
women. Obesity has an important impact on the severity PCOS particularly in the 
presence of increased abdominal fat [36]. The chance to conceive among obese 
women with PCOS is lower than that in those with normal weight [36]. Furthermore, 
obese PCOS women require increase doses of ovulation-inducing drugs to achieve 
ovulation [37–39].

The followings are specific characteristics of obese PCOS women that may be 
cofactors contributing to infertility.

6.2.2.1  Central Obesity Leading to Hyperandrogenism
Direct association between body fat and SHBG is well established [40–42]. 
Additional factors such as insulin, estrogen, and androgen levels that are altered in 
women with PCOS are also responsible for regulating SHBG levels. Women with 
central obesity have lower SHBG than those with peripheral obesity [43]. They also 
have increased testosterone and dihydrotestosterone production rates [44].

The decrease in SHBG which is characteristic for women with central obesity 
leads to increased circulating free androgen leading to hyperandrogenism and sub-
fertility [45]. This fact is pertinent for women with PCOS; even those with normal 
BMI may have enhanced abdominal fatness [46, 47].

6.2.2.2  Leptin
Leptin is a 167-amino acid peptide secreted in adipose tissue. In circulation, it is 
bound to a family of proteins. It acts on the central nervous system (CNS) neurons 
that regulate eating behavior and energy balance. Some authors reported that PCOS 
patients have elevated leptin levels [48, 49]. However, others reported that leptin 
levels in women with PCOS are comparable to weight and age-matched controls 
[50, 51].

The role of leptin in reproduction and in the regulation of gonadotrophin 
 concentrations has been demonstrated [52–54]. Leptin acts not only at central levels 
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to modulate the hypothalamo-pituitary axis [55] but also directly at the ovarian 
level. It is expressed in the granulosa cells and in the follicular fluid from PCOS 
women [56]. Increased leptin concentration in the ovary may impair the formation 
of the dominant follicle and the maturation of the oocyte [57]. Leptin inhibits FSH 
stimulation of insulin-like growth factor I (IGF-I) as well as the segregation of IGF-I 
on FSH stimulation of estradiol production [58]. It also contributes to the state of 
insulin resistance and hyperandrogenism in most women with PCOS. In animal 
model, leptin infusion decreased ovulation rate [57]. High leptin levels decrease 
epithelial Na (+) channel (ENaC) expression in the endometrium of overweight/
obese women with PCOS during the window of implantation leading to reduce 
endometrial receptivity and implantation rate [59]. The endometrial competence in 
women with PCOS is widely discussed in Chap. 5.

In short, obesity-induced hyperleptinemia in PCOS may cause insulin resistance 
as well as impaired ovarian function.

6.2.2.3  Adiponectin
Adiponectin is an adipocytokine expressed mainly in adipose tissue and is the most 
abundant circulating adipose-specific protein in humans [60]. The production of 
adiponectin is decreased in obesity, and its serum level correlates negatively with 
waist circumference and body mass index (BMI) [61, 62]. As adiponectin possesses 
insulin-sensitizing, antidiabetic, and antiatherogenic properties, and because its 
circulating levels are reduced with obesity and type 2 diabetes mellitus, it may also 
play a role in the pathogenesis of PCOS. Yet, plasma levels of adiponectin in women 
with PCOS are lower than or comparable to those in control women [63, 64].

Low adiponectin levels may increase insulin resistance and androgen production 
through a decrease in its inhibitory effects on LH and insulin/IGF-I-stimulated 
androstenedione production by the ovary [65]. Whether circulating androgens are 
important modulators of adiponectin serum levels in PCOS or if changes in adipo-
nectin levels precede variations in androgen levels remains unclear. However, treat-
ing PCOS women with metformin enhances both adiponectin activity and insulin 
sensitivity, resulting in a less hyperandrogenic state [66] (see also Chap. 11).

In conclusion, obesity is a prominent feature of several phenotypes of PCOS. The 
evaluation of BMI in all infertile women with PCOS should be considered crucial 
because the presence of obesity is related to anovulation; decreasing the potential 
treatment success and increasing maternal and perinatal complications during preg-
nancy (see Chap. 22). Weight reduction and other lifestyle modifications are the 
first-line treatments for infertile PCOS women, as discussed in Chap. 13.

6.2.3  Insulin Resistance

Insulin resistance is defined as the inability of exogenous or endogenous insulin 
to increase glucose uptake and its utilization [67]. Insulin resistance and hyperan-
drogenism play a key role in the pathophysiology of PCOS. In fact, insulin resistance 
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is found in 85% of PCOS women (75% and 95% for nonobese and obese subjects, 
respectively) [68]. Insulin resistance occurs when insulin- responsive tissues such as 
the liver becomes less sensitive to insulin, leading the pancreas to produce increased 
compensatory insulin and eventually leads to hyperinsulinemia [67]. Recent data 
show that hyperinsulinemia secondary to insulin resistance is the primary factor of 
increased androgen production [69–71].

Several hypotheses on the mechanism of insulin resistance contribution to hyper-
androgenism have been proposed. In human and animal model, insulin stimulates 
ovarian androgen secretion directly or enhances LH prompt androgen secretion [72, 
73], acts indirectly to enhance the amplitude of GnRH-stimulated LH pulses [74], 
decreases hepatic production of serum SHBG [75, 76], decreases IGF- binding pro-
tein-1 (IGFBP-1), and increases the availability of free IGF-1 stimulating the andro-
gen production [77–79]. Finally, hyperinsulinemia may contribute to mid- antral 
follicular arrest in PCOS [80].

One of the indirect clinical evidence of the role of insulin resistance as a cofactor 
for PCOS-related infertility is the efficacy of metformin in those women (see also 
Chap. 11). In theory, metformin may act indirectly by reducing serum insulin levels 
and directly within the ovary by reducing P450c17a enzyme activity and subsequent 
androgen production. Further, it increases IGFBP-1 and reduces the availability of 
IGF-1 [79, 81, 82]. However, the efficacy of metformin alone in enhancing fertility 
in women with PCOS remains unclear [83–85].

6.3  Endometrial Receptivity

While anovulation is an obvious cause of infertility in women with PCOS, impaired 
endometrial receptivity may also play a role [86]. The alterations and peculiarities 
of the endometrium and the role played by endometrium receptivity in infertile 
PCOS patients are discussed in Chap. 5.

Briefly, due to ovulatory disorder, the endometrium is exposed to unopposed 
estrogen stimulation leading to altered endometrial milieu. Indeed, women with 
PCOS tend to have decreased implantation rate and increased miscarriage rate 
that has been attributed to decreased endometrial receptivity. Several publications 
demonstrated an increased risk (up to 50%) for miscarriage among women with 
PCOS [32, 87–89]. However, others found similar miscarriage rates among 
women with PCOS, and fertile women and women with other infertility diagnosis 
[90, 91].

Endometrium preparation prior to implantation is regulated by steroids and by 
several gene expressions especially HOXA10 and HOXA11. These genes are essen-
tial for endometrial growth, differentiation, and receptivity by mediating steroid 
hormone effects [92]. Other endometrial receptivity-related mediators including 
avb3 integrin, IGFBP-1, and leukemia inhibitory factor (LIF) are also regulated by 
HOX genes [83]. In recent years, a number of publications demonstrated several 
endometrial characteristics/markers important for implantation that may explain 
lower implantation rate in women with PCOS. They include increased expression of 
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the estrogen receptor in the glandular epithelium [84] and in androgen receptors 
[85]. Further, women with PCOS have decreased HOXA10 expression during the 
secretory phase and decreased integrin [93].

Another marker is the WT1. WT1 expression is downregulated in the endome-
trium of PCOS women during the window of implantation [94]. Changes in this 
gene expression may lead to abnormal implantation and lower birth rates. 
Modifications in the implantation window and possibly the endometrial receptivity 
are also mediated by abnormal steroid environment [95, 96]. In vitro study demon-
strated impaired decidualization response with local altered endometrial inflamma-
tory profile in women with PCOS. The endometrial decidualized stromal cells seem 
to play a role in active embryo selection.

6.4  Oocytes and Embryo Quality

The potential alterations of the folliculogenesis and of the oocyte competence in 
PCOS patients are specifically discussed in Chap. 4. Briefly, PCOS women treated 
with control ovarian stimulation tends to produce a high number of follicles. 
However, the oocytes have been reported poor in quality leading to low fertilization 
and implantation rate and higher miscarriage rate [97–102]. This could be due to 
impaired oocyte competence and embryonic development that may be related to 
alterations in the intrafollicular microenvironment during folliculogenesis and in 
follicle maturation. Perhaps, it is related to inadequate dialogue between the cumu-
lus cells and the oocytes or to abnormal paracrine/endocrine factors and metabolic 
dysfunction [103–108]. In a mouse PCOS model induced with DHEA, the number 
of MII oocyte is reduced. They had decrease mtDNA copy number, ATP content, 
excessive oxidative stress, and impaired embryo development competence com-
pared to control mice. The authors concluded that excessive androgen may be detri-
mental to oocyte quality [109].

Yet, compared to normo-ovulatory women, PCOS women undergoing controlled 
ovarian hyperstimulation had comparable or even better oocyte and embryo quality 
[97, 110, 111], suggesting that PCOS is not related to adverse oocyte quality, at least 
in the context of nuclear maturation [112]. 

6.5  Vitamin D

Vitamin D or calcitriol is a steroid hormone, synthesized mainly by the skin on 
exposure to ultraviolet light. Additional 10–20% of vitamin D comes from diet. 
Vitamin D is converted to 25-hydroxyvitamin D (25OH-D) by hepatic 
25-hydroxylase. Subsequently, it is converted by renal 1a–hydroxylase to the active 
form 1,25-dihydroxyvitamin D3 [113, 114].

High prevalence of vitamin D deficiency was reported in PCOS women (67–85% 
compared to 20–48% in the general population) [115, 116] (see also Chap. 14). In 
women with PCOS, vitamin D levels are related to hormonal dysfunction and 
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metabolic status. Vitamin D deficiency might also be a contributing factor to insulin 
resistance, and metabolic syndrome [117–122]. Note that obesity may decrease 
the circulating 25OH-D levels by trapping the lipophilic vitamin in the adipose 
 tissue [123].

Asadi et al. reported that genetic variant of the vitamin D receptor was 
 associated with the severity of PCOS clinically [124]. A correlation between 
vitamin D deficiency and infertility has also been reported. Recent studies 
showed that low levels of vitamin D in the follicular fluid were associated with 
lower implantation and live birth rates [125–128]. However, the effect of vitamin 
D supplementation to vitamin D-depleted women undergoing IVF treatment is 
still unclear [129].

Using data collected in the Pregnancy in PCOS I (PPCOS-I) study, the 
authors found direct correlation between vitamin D levels and ovulatory rates in 
infertile PCOS women treated with clomiphene, metformin, or both. Of interest, 
each 1 ng/mL (2.5 nmol/L) increase in serum 25OH-D enhanced the likelihood of 
live birth by 2% [130]. Another study found that vitamin D supplementation 
increased endometrial thickness in PCOS women undergoing intrauterine insemi-
nation (IUI) treatment. However, the pregnancy rates in women treated and not 
treated with vitamin D were comparable [131]. Results of studies evaluating the 
effect of vitamin D supplementation and insulin resistance have been mixed. While 
some reported an improvement in insulin resistance in obese PCOS women [132], 
others did not demonstrate the effect of vitamin D [133]. It appears that vitamin D 
deficiency is a common finding in PCOS women. It might be related to insulin resis-
tance, ovulatory dysfunction, and infertility. Currently there is a paucity of data 
supporting routine use of vitamin D in women with PCOS.

6.6  Fertility Evaluation in PCOS Women

Fertility evaluation is usually recommended after 12 months of failure to conceive 
with reasonable frequency of unprotected intercourse. For women with suspected 
PCOS, infertility investigations should be started after 6 months of trying. For most 
PCOS women, the most likely diagnosis will be anovulation. However, other causes 
of infertility should be eliminated before starting treatment. Note that 40% of 
infertile couples have multifactorial causes of infertility.

According to the National Institute of Excellence (NICE) [https://www.nice.org.
uk/guidance/cg156] and American Society of Reproductive Medicine (ASRM) 
guidelines [134], the basic infertility evaluation should include the following.

6.6.1  Medical and Reproductive History

Women with PCOS and their partner should undergo general routine medical his-
tory to exclude other possible causes of infertility. History should include questions 
regarding possible diabetes or insulin resistance status and family history of 
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diabetes. The reproductive history should focus on the menstrual cycle characteristics. 
Women with oligomenorrhea or amenorrhea generally do not require specific 
diagnostic tests to establish anovulation. The history should include questions about 
symptoms related to adrenal disease, thyroid disease or hyperprolactinemia, or 
other causes of oligomenorrhea such as weight gain or loss and excessive exercise. 
Assessment of lifestyle habits is important particularly in this population. They are 
at risk to develop metabolic syndrome.

6.6.2  Physical Examination

In addition to the routine physical examination, women with PCOS should be evalu-
ated for signs of androgen access. Hirsutism can be evaluated using the Ferriman-
Gallwey score (see Chap. 2). BMI have to be calculated for each patient with 
suspected PCOS. Waist circumference or waist-to-hip ratio is also useful to suspect 
a visceral obesity. The thyroid should be palpated to rule out goiter and the breast to 
identify galactorrhea. The skin should be examined for hyperkeratosis and acantho-
sis nigricans.

6.6.3  Basal Body Temperature (BBT)

BBT measurements provide a simple and inexpensive method for evaluating 
ovulatory function. In cycles monitored with BBT, the period of highest fertility 
spans the 7 days prior to the mid-cycle rise in BBT. Anovulatory cycles typi-
cally result in monophasic patterns. However, BBT measurement is not always 
reliable.

6.6.4  Laboratory Test

In addition to the routine blood test performed as part of the initial work-up infertil-
ity evaluation, several additional tests are recommended for women with suspected 
PCOS (see also Chap. 2).

 – LH/FSH ratio may serve as an additional indicator (in case of ratio equal or 
higher than 2) favoring PCOS.

 – Serum levels of androgens and especially testosterone are usually measured. Yet, 
its contribution to establish the diagnosis of PCOS is controversial.

 – Mid-luteal phase serum progesterone greater than 15 ng/mL provides presump-
tive but reliable evidence of recent ovulation. Endometrial biopsy (EB) and his-
tology can demonstrate secretory endometrial development. Due to its invasive 
nature, most fertility specialists have abandoned the routine practice of EB.

 – AMH levels are two to threefold higher in women with PCOS compared to unaf-
fected women and relatively higher in relation to antral follicles.
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 – Serum levels of 17-hydroxyprogesterone should be measured to rule out the 
presence of late-onset congenital adrenal hyperplasia.

 – Oral glucose tolerance test (OGTT). In women with risk factors for diabetes 
mellitus including dyslipidemia, additional tests including fasting glucose 
and HbA1c measurement should be done. The time when the patients are 
undergoing infertility investigations is also a good opportunity to evaluate 
the general health including comorbidities. Treatment of those comorbidities 
could help the patients to conceive and to decrease pregnancy complications 
(see Chap. 22).

6.6.5  Transvaginal Ultrasound (TVS)

TVS is mandatory to evaluate the ovarian appearance and AFC as part of the 
PCOS investigation. In addition, it also provides information about the endome-
trium that may be decidualized in PCOS, endometrial hyperplasia, or possibly 
endometrial carcinoma. Evaluation of the baseline endometrial thickness is 
important in the initial work-up of those women. TVS is also important to evalu-
ate the uterine cavity and to rule out the presence of intrauterine polyp, myoma, 
or uterine septum.

6.6.6  Tubal Patency

Tubal disease is an important cause of infertility and should be specifically excluded. 
The conventional method to evaluate tubal patency is hysterosalpingography (HSG) 
examination. A newer method is hysterosonography (or saline infusion 
sonohysterography, SIS). In this era of IVF, diagnostic laparoscopy is rarely 
performed. However, laparoscopy plays a role in cases with pelvic pain or with 
suspected endometriosis. In addition, although controversial ovarian drilling can be 
performed at the time of laparoscopy (see Chap. 15).

6.6.7  Semen Analysis

Semen analysis should be performed routinely. About 40% of infertile couples have 
multifactorial infertility mostly combined male and female abnormalities. The 
sperm analysis should be performed according to the WHO guidelines. In Fig. 6.2 
the lower reference limits (5th centiles and their 95% confidence intervals) for 
semen characteristics are reported.
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 Conclusion
Infertility in PCOS women is usually related to anovulation. However, several 
investigators suggested association between PCOS and other infertility factor 
such as endometriosis [135] or possibly with leiomyomas [136]. Because many 
infertile couples have more than one infertility diagnosis, other causes of infertil-
ity should be evaluated. The contribution of cofactors leading to anovulation may 
be different among the diverse PCOS phenotypes. Fertility varies according to 
the specific PCOS phenotype and related comorbidities. Insulin resistance, obe-
sity, hyperandrogenism, and infertility are clearly related to PCOS. Others fac-
tors including endometrial and oocyte competence, as well as the role of 
vitamin D, need further investigation. Treatment should be tailored accordingly.
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7PCOS Phenotypes: Impact on Fertility

Enrico Carmina

7.1  Introduction

One of the main characters of polycystic ovary syndrome (PCOS) is its heterogene-
ity [1, 2]. While the classic image of the PCOS patient is a hirsute, hyperandrogenic 
woman with menstrual irregularities and metabolic problems, the clinical picture 
may be very different. Many patients have normal body weight, others may not be 
hirsute, androgen levels may be normal and metabolic problems may not be 
important.

For several years, most experts used a mainly clinical diagnostic approach. 
Patients presenting hyperandrogenism (clinical or biochemically demonstrated) and 
chronic anovulation were considered affected by PCOS, while all other patients 
were excluded from the disorder [3]. However, these criteria were too much restric-
tive. Important similarities between ovulatory and anovulatory hyperandrogenic 
women with polycystic ovarian morphology (PCOM) were observed, and we sug-
gested that both groups were part of the same disorder [4, 5]. The same patient dur-
ing her life, just changing body weight, could move from a condition of chronic 
anovulation to ovulatory cycles and back [6]. In many countries, National Institutes 
of Health (NIH) criteria were never used and diagnosis was based on PCOM [7]. 
Finally, an agreement was found to include in the disorder patients presenting at 
least two out of three criteria (hyperandrogenism, anovulation, PCOM) [8]. While 
Androgen Excess and PCOS (AE-PCOS) Society expressed concern about the pos-
sibility of including also non-hyperandrogenic patients in the syndrome [9], the 
so-called Rotterdam criteria have been accepted by most experts and finally 
endorsed by most scientific societies and by NIH [10]. For a deeper discussion 
about diagnostic criteria, see also Chap. 2.

mailto:enrico.carmina@ae-society.org


82

7.2  PCOS Phenotypes

Using Rotterdam criteria, four main phenotypes may be distinguished:

 1. Hyperandrogenism, chronic anovulation and PCOM
 2. Hyperandrogenism, chronic anovulation and normal ovaries
 3. Hyperandrogenism, PCOM and ovulatory cycles
 4. Chronic anovulation, PCOM and no clinical and/or biochemical signs of andro-

gen excess

There is no agreement on the way to denominate these phenotypes, and many 
societies (and NIH) [10] use the names phenotypes A, B, C and D. We have preferred 
giving names that are more related to their main characters. According to our 
definition [11], the following phenotypes may be distinguished:

 1. Classic PCOS
 (a) With PCOM (phenotype A)
 (b) With normal ovaries (phenotype B)

 2. Ovulatory PCOS (phenotype C)
 3. Normoandrogenic PCOS (phenotype D)

While the understanding that PCOS is a very heterogeneous disorder has been 
important, it is also necessary to realise that the different PCOS phenotypes, having 
very different clinical problems, need different treatments. In this review, we will 
focus on the characters of main PCOS phenotypes and then we will discuss their 
impact on fertility.

7.3  Relative Prevalence of Different PCOS Phenotypes

In clinical setting, the classic PCOS phenotype is the most common [11–14]. In 
some studies, 90% of PCOS patients present with the classic phenotype. However, 
the relative prevalence of the different PCOS phenotypes varies according to many 
factors, the most important being the mean body weight of the population [15]. In 
our experience 60–65% of PCOS patients have the NIH classic phenotype. Of these, 
the large majority have the phenotype A, while a few patients (<10%) have the 
phenotype B.

In our clinic [11], the ovulatory phenotype (phenotype C) is also common  
with almost 30% of the PCOS patients presenting this phenotype, while the  
normoandrogenic phenotype is relatively uncommon being observed in <10% of 
the patients. In other clinical settings (mainly in studies reporting patients referred 
to obstetrics and gynaecology clinics), the ovulatory phenotype is uncommon 
and normoandrogenic phenotype may be present in about 20–30% of the patients 
[12, 16, 17].
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The relative prevalence of the PCOS phenotypes C varies also depending on 
ethnic groups with normoandrogenic phenotype being observed in more than 30% 
of PCOS patients of some countries of East Asia [18, 19].

Studies in general population are few, but ovulatory phenotype (phenotype C) 
seems to be the most represented phenotype [17, 20]. Probably, many of these 
subjects never go to a clinic because they do not suffer of problems like infertility 
and menstrual disorders.

7.4  Main Characters of Different PCOS Phenotypes

7.4.1  Classic PCOS (Phenotypes A and B)

Classic PCOS phenotype corresponds to the original NIH phenotype (see also Chap. 2) 
and is generally characterised by menstrual irregularities linked to a condition of 
chronic anovulation and hyperandrogenism (Table 7.1). Inside this group, there is 
also a significant heterogeneity with patients presenting both clinical and biochemical 
signs of hyperandrogenism and others presenting only clinical or biochemical 
hyperandrogenism. Obesity is common but may be absent with a variable percent of 
patients presenting normal body weight. Luteinising hormone (LH)/follicle- 
stimulating hormone (FSH) ratio are generally increased but may be normal in a 
significant number of patients. Insulin resistance and hyperinsulinemia are common 
but some patients present normal insulin levels and a normal insulin sensitivity. 
Anti-Mullerian hormone (AMH) is generally increased but may be normal [21] 
(see also Chaps. 3 and 8). PCOM is very common but a subgroup of patients (phe-
notype B) present normal ovarian morphology. Finally, increased ovarian size is 
common but a significant number of patients present normal ovarian size [21].

Very few studies have tried to assess differences between PCOS patients with 
phenotypes A and B. Some years ago, we found that these phenotypes are very 
similar in body weight, androgen levels, insulin levels and insulin sensitivity but 
that patients with phenotype A present much higher LH levels than patients with 
phenotype B [11]. The relationship between these findings and the ovarian 

Table 7.1 Characters of main PCOS phenotypes

Hyperandrogenemia Anovulation PCOM AMH
Metabolic 
issues

Classic PCOS 
(phenotype A)

Yes Yes Yes Increased Yes

Classic PCOS 
(phenotype B)

Yes Yes Not Unknown Yes

Ovulatory PCOS 
(phenotype C)

Yes Not Yes Mild 
increase

Mild

Normoandrogenic 
PCOS (phenotype D)

Not Yes Yes Mild 
increase

Not

AMH anti-Mullerian hormone, PCOM polycystic ovarian morphology
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morphology is unclear. No data on AMH secretion in patients of phenotype B have 
been reported.

Patients with phenotype B have LH values that are similar to the controls and 
patients with ovulatory PCOS but higher LH/FSH ratio than those two groups [11].

7.4.2  Ovulatory PCOS (Phenotype C)

These PCOS patients present normal ovulatory cycles but PCOM and clinical or 
biochemical signs of hyperandrogenism. In many ways these patients represent a 
mild form of PCOS: they have normal LH and LH/FSH ratio and their hyperan-
drogenism is less severe than patients with classic PCOS. Their insulin levels are 
normal or only slightly elevated and insulin resistance is less common and less 
severe. Obesity may be present but most patients with ovulatory PCOS present nor-
mal body weight or are just overweight. Increased AMH is present in only about 
50% of patients with phenotype C and enlarged ovarian size has a similar prevalence 
[21]. In these patients, ovulatory cycles correspond to normal fertility. Initial data 
suggesting impairment of fertility in PCOS women of phenotype C (because of short 
or insufficient luteal function) [22] have been not confirmed by successive studies.

Interestingly, prevalence of phenotype C is higher in countries where mean body 
weight is lower, and it has been shown that patients may move from phenotype A to 
phenotype C and back with changes of body weight [6]. All of it suggests that pheno-
type C represents a milder form of phenotype A with lower metabolic problems, and it 
is in some way linked to lower androgen excess and to lower fertility problems.

7.4.3  Normoandrogenic PCOS (Phenotype D)

Patients with normoandrogenic PCOS have chronic anovulation and PCOM but no 
clinical or biochemical signs of hyperandrogenism. Although their androgen values 
are in the normal range, the mean testosterone levels are significantly higher 
compared with controls. They present increased LH and LH/FSH ratio than the 
controls but low prevalence of obesity and normal mean body weight, normal levels 
of insulin and no signs of insulin resistance. Ovarian size and AMH are increased in 
only 50% of these patients [21].

These patients represent a unique group because they represent some characters 
of classic PCOS (menstrual irregularities, chronic anovulation, increased LH) but at 
the same time present few metabolic problems and on this respect should be consid-
ered a form of mild PCOS.

7.5  Pathogenesis of the Different PCOS Phenotypes

It is unclear why some patients present a classic PCOS and others may be ovulatory 
or normoandrogenic. Of course, it may be just the result of different genetic and/or 
environmental influences. However, genetic studies do not give evidence of it. 
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Genome-wide association studies (GWAS) were unable to differentiate between the 
different PCOS phenotypes [23] suggesting that environmental factors play a main 
role on heterogeneity of the syndrome. In some way, the main difference between 
classic and ovulatory PCOS patients is the body weight [11], and it suggests that 
obesity, partially related to environmental components, may be the main factor 
determining the appearance of a classic phenotype, while patients maintaining a 
normal body weight will develop an ovulatory PCOS.

However, this explanation, while probable in many patients, cannot explain the 
occurrence of classic PCOS in normal-weight or overweight PCOS. More accurate 
genetic studies involving different groups of patients and a better understanding of 
PCOS pathophysiology are needed to establish the cause(s) of the heterogeneity of 
PCOS.

7.6  PCOS Phenotypes and Infertility

It is well known that, with the exception of phenotype C, patients with PCOS pres-
ent a chronic anovulation. In turn, chronic anovulation determines infertility, and 
many PCOS patients are referred to specialised clinical settings because of 
infertility.

The mechanisms of chronic anovulation in PCOS are not perfectly under-
stood [24]. While this issue will be treated more in depth in another chapter of 
this book (Chap. 3), available data suggest that both main endocrine alterations 
of PCOS, increased androgen production and hyperinsulinemia, participate to 
the mechanism of chronic anovulation. In fact, reduction in one of these endo-
crine alterations may transform a classic anovulatory phenotype in an ovulatory 
phenotype. About 50% of anovulatory women with PCOS become ovulatory 
when they lose weight or are treated by a product that reduces insulin secretion 
(generally an insulin-sensitising drug-like metformin) [24]. The role of andro-
gens is less clear, but reduction in ovarian (and adrenal) androgen secretion 
during late reproductive age may be an important mechanism in improving the 
PCOS presentation and transforming a classic phenotype in ovulatory pheno-
type [25].

While anovulation is the main factor determining infertility in PCOS, women 
with PCOS have also risk factors that may cause reduced fertility. Some studies have 
shown alterations of the oocyte and endometrial competence (see Chaps. 4 and 5) 
but contrasting data have been presented and evidence-based data are missing [26]. 
Women with PCOS have been reported to have also three- to fourfold risk for 
 pregnancy-induced hypertension, pre-eclampsia and gestational diabetes and two-
fold risk for prematurity [27]. All these risks are associated to obesity and insulin 
resistance and are much higher in patients with phenotypes A and B than in patients 
with phenotype C or D. Some studies have suggested an additional role of 
 hyperandrogenism on these events. It may suggest that patients with phenotype D 
(normoandrogenic and normal weight) have a lower or normal risk of pregnancy 
complications. However, data on pregnancy complications in selected phenotypes of 
PCOS are missing.
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 Conclusion

PCOS phenotypes should not be considered a fixed clinical and endocrine pre-
sentation because changes in lifestyle, administration of drugs and modifications 
in hormonal (mainly in androgen production) linked to physiologic processes of 
ageing may move the same patient from a phenotype to another.

Because of it, the prognosis of infertility in women with PCOS is often better 
than that generally anticipated during young age [24]. Many patients get 
 spontaneous fertility and children without any treatment, and this phenomenon is 
 particularly relevant after their forties because of the physiologic reduction 
of ovarian androgen secretion that presents at that age. Probably, during 
late reproductive age, at least 50% of PCOS patients with chronic anovulation 
(phenotypes A and B) become ovulatory (phenotype C) and regain spontaneous 
fertility. While treatment of infertility cannot wait for possible spontaneous 
improvement during late reproductive age, our counselling of PCOS women 
should take in account these changes and tell the patients that their disorder and 
their anovulatory status may improve with lifestyle changes but also because of 
spontaneous modifications of hormonal function with ageing.
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8Follicle Excess and Abnormalities 
in Women with PCOS: Pathophysiology, 
Assessment and Clinical Role

Agathe Dumont, Pauline Plouvier, and Didier Dewailly

8.1  Introduction

Follicle excess is the cornerstone of polycystic ovarian morphology (PCOM). 
Besides its paramount importance for the diagnosis of polycystic ovary syndrome 
(PCOS) (see also Chap. 2), it has a major role in the pathophysiology of the ovula-
tion disorder that is observed in most of the PCOS phenotypes. However, as regards 
in vitro fertilisation (IVF) outcomes, this ovarian richness turns out to be an advan-
tage as PCOM [or high antral follicular count (AFC) in non-PCOS women] is now 
considered as a good prognosis factor for oocyte yield and thus for pregnancy [1]. 
This chapter will discuss first the pathophysiology of the follicle excess in PCOS, 
then its diagnosis and, finally, its clinical role.

8.2  Pathophysiology of the Follicle Excess

The ovarian reserve refers to the number of primordial follicles, defined at birth 
(around one million). This follicular capital decreases gradually throughout repro-
ductive life, with the continuous initiation of growth of some follicles and then 
mostly their apoptosis. There are about 400,000 follicles in adolescents’ ovaries 
(leading roughly to 400 ovulations), whereas only a thousand remains at the time of 
menopause [2].

PCOS is characterised by an increased number of follicles at all growing stages 
[3, 4], especially preantral and small antral follicles. Moreover, in PCOS, the fol-
licular growth is slowed down, aggravating the accumulation of growing follicles in 
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the ovarian cortex [4, 5]. In PCOS, there is also a follicular apoptosis defect, which 
worsens the follicle excess [6, 7]. All these three phenomenons are mainly explained 
by an excessive intraovarian androgen secretion (see also Chap. 3). This overpro-
duction of androgens could be an intrinsic defect of theca cells [8–11]. Undeniably, 
there is a positive correlation between intraovarian hyperandrogenism and excessive 
early follicular growth (up to the 2–5 mm follicular stage), independently from 
luteinising hormone (LH) and insulin [12]. Indeed, some experiments showed 
higher number of antral follicles after injection of androgens in female animals and 
in female to male transsexuals [13, 14]. Despite the follicle excess, there is also an 
inhibition of the terminal follicular growth, the so-called follicular arrest [15]. 
According to previous theories, the selection of the dominant follicle would be 
impaired by a premature acquisition of LH receptors in the granulosa cells [16, 17], 
leading to their early luteinisation and the premature arrest of their growth [18]. 
High insulin and androgen levels have also been incriminated in this phenomenon.

Elevated serum anti-Müllerian hormone (AMH) level is strongly related to the 
follicle excess [9, 19], as it is a reflection of the preantral and small antral follicle 
pool. AMH is synthesised at its highest level in small antral follicles, which are 
precisely the ones seen on ultrasound.

Therefore, high serum AMH level in PCOS is not only due to the higher number 
of preantral and small antral follicles but also to an intrinsic dysregulation of the 
granulosa cells, producing more AMH [20–23]. The cause of this dysregulation is 
currently unknown, but there is evidence to support a role played by androgens. For 
more details on the pathophysiology of the anovulation in women with PCOS, see 
Chap. 3.

In PCOS, there is also a specific relationship between follicle-stimulating hor-
mone (FSH) and AMH [24]: FSH would directly stimulate AMH in small antral 
follicles, as long as they do not express aromatase. Conversely, in larger follicles, 
the FSH-induced increasing E2 production would have a direct inhibitory effect on 
AMH expression (Fig. 8.1) [24]. Moreover, it has been demonstrated that AMH 
significantly decreases not only the FSH receptor expression but also ovarian aro-
matase expression [25], allowing protection of the small follicles from premature 
aromatase expression. However, this protective effect exceeds its physiological role 
when AMH is in excess, thus resulting in a defect in the selection of the dominant 
follicle. The fact that AMH is inhibitory to FSH-dependent factors required for fol-
licle dominance adds considerable significance to the high serum AMH expression 
found in PCOS and makes AMH a putative central actor of the ‘follicular arrest’. In 
good agreement, clinical studies have shown a relationship between high AMH and 
ovulatory disorder [23]. In addition, LH seems to stimulate AMH production by the 
granulosa cells in women with PCOS but not in controls [23]. Conversely, some 
authors demonstrated that LH reduces AMH receptor II (RII) expression in granu-
losa luteal cells from women with normal ovaries and from women with normo- 
ovulatory PCOS, whereas it cannot do so in women with anovulatory PCOS [26, 
27]. Besides the LH-stimulating effect on AMH expression, this lack of LH-induced 
downregulation of AMHRII expression in women with anovulatory PCOS could 
contribute to anovulation. Therefore, the premature action of LH involved in the 
‘follicular arrest’ could be partially explained through the AMH system [16, 17].
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In conclusion, the abnormalities of folliculogenesis in PCOS are multiple: (1) 
increased number of small growing follicles; (2) inhibition of the terminal follicular 
growth, resulting in a lack of selection of the dominant follicle, the so-called the 
follicle arrest; and (3) a follicular apoptosis defect aggravating the excess of grow-
ing follicles. Intraovarian hyperandrogenism seems to be the greater culprit of all 
those abnormalities, via pathways involving FSH, LH and AMH secretion.

8.3  Assessment of the Follicle Excess

8.3.1  Ultrasounds

The Rotterdam consensus of 2003 defined the PCOM as a follicle number per ovary 
(FNPO) ≥ 12 and/or an ovarian volume ≥ 10 mL [28, 29]. Theoretically, the word 
‘polycystic’ is not appropriated, since there is no cyst in PCOS but antral follicle 
excess, and should be replaced by ‘multifollicular’.

NON PCOS

E2 E2

E2

Small antral follicle Large antral follicle

AMH AMH

FOLLICULAR ARREST

AMH

PCOS

ERβ

ERβ

ERβ

FSH

FSH FSH

Fig. 8.1 Schematic diagram of AMH regulation by FSH and E2 in GC of small and large antral 
follicles. Adapted from Grynberg et al. [24]. Until the small antral stage, AMH secretion is stimu-
lated by different factors like FSH. Oestradiol (E2) production under the influence of FSH is 
impaired by the inhibiting effect of AMH on aromatase. When oestradiol concentration reaches a 
certain threshold in large antral follicles, it is capable of completely inhibiting AMH expression 
through ERβ, which predominates in growing follicles, thus overcoming the stimulation by 
FSH. In large follicles from PCO, the lack of FSH-induced E2 production and the high level of 
AMH impair the shift from the AMH to the E2 tone, thus leading to the follicular arrest
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8.3.1.1  B-Mode Ultrasonography
Abdominal pelvic ultrasound is first performed to see the position of the uterus and 
ovaries and to exclude any abdominal mass. Then, to visualise at best the ovaries 
and to precisely count the number of follicles, the ultrasound should be done vagi-
nally (Fig. 8.2). Abdominal pelvic ultrasound can be an alternative if the patient is 
virgin or refuses the vaginal probe, but only the ovarian volume can be estimated 
this way [30]. This exam must be performed between day 2 and day 5 of the cycle, 
to prevent any growing follicle from hiding small antral follicles and/or modifying 
the ovarian volume.

The best ultrasound criterion for PCOM is the high number of follicles [31]. 
International experts have submitted practical recommendations for a better stan-
dardisation of the way to count the follicles [32]. It is recommended to first have a 
global look of the ovary, in both plans, until the limits of the ovary are clear. First, 
all follicles >10 mm should be identified and measured, as they are not included in 
the FNPO. Then, the evaluation of the FNPO is finally done (follicles between 2 and 
9 mm), slowly from one border of the ovary to the other. Thus, assessment of FNPO 
to define PCOM should follow the same procedure as assessment of AFC to evalu-
ate the ovarian reserve prior to IVF. The only difference is that AFC corresponds to 
the sum of follicles in both ovaries, while FNPO to define PCOM is for one ovary. 
Unilateral excess in FNPO allows retaining the diagnosis of PCOM, as stated by the 
Rotterdam recommendations [29].

The ovarian volume is also a criterion for the diagnosis of PCOM. It can be auto-
matically measured by the ultrasound unit or calculated with the formula: 
length × width × thickness × 0.523 [33]. Those three diameters must be measured 
in strict orthogonal plans.

The ovarian area can also be used for appreciation of PCOM. It is measured 
using an automatic ellipse or by delimiting manually the contours of the ovary, from 
a picture where it seems the biggest. It can also be calculated with the formula: 
length × width × 0.8. Even if the Rotterdam consensus does not recommend the 

a b

Fig. 8.2 Ovarian polycystic aspect with ultrasound equipment from 2009 (a) and 2001 (b)
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ovarian area as a diagnostic criterion of PCOS, it is still a good assessment of 
PCOM, when greater than 5 cm2 (sensitivity 77.6%, specificity 94.7%) [34].

Stromal hypertrophy (defined by increased volume and echogenicity of the cen-
tral part of the ovary) and peripheral distribution of the follicles are very subjective 
and variable assessment, depending on the ultrasound unit. Thus, at the Rotterdam 
consensus conference, those two criteria were not retained to define PCOM.

8.3.1.2  Three-Dimensional Ultrasonography
Using the three octagonal plans, three-dimensional (3D) ultrasonography is theo-
retically an easier way to measure the ovarian volume and to assess the number of 
follicles (Fig. 8.3) [35]. Actually, the automatic count is not reliable enough for 
small follicles, and a post hoc analysis on stored scans is required to get a reliable 
FNPO, which is time-consuming. With the sono-automatic volume calculation 
(AVC) mode, the assessment of ovarian volume is reliable, but in common use, 3D 
ultrasonography doesn’t seem to be superior to the B-mode and requires expensive 
equipment and regular training [36].

8.3.1.3  Controversy of Ultrasonography
Since 2003, many studies have questioned the threshold of 12 follicles defined by 
the Rotterdam consensus, as evidence of PCOM [37–39]. Indeed, this cut-off is 
highly dependent on ultrasound equipment and operator skill. Therefore, with the 
latest ultrasound generation, it is now possible to distinguish very small follicles 
(<2 mm). In 2011, Dewailly et al. [37] proposed a new threshold for FNPO of 19 
(sensitivity 81%, specificity 92%). Similarly, a panel of international experts has 
recently suggested a threshold of 25, when the maximum frequency of the probe is 
greater than 8 MHz [40]. However, this threshold is highly dependent on ultrasound 
equipment and operator skill, as demonstrated by Dewailly et al. [41]; thus, each 
centre has to establish its own threshold. Concerning the ovarian volume, some 

a b

Fig. 8.3 3D ultrasonography: Sono-AVC mode (a) and surface mode (b). Pictures from Levaillant 
et al. [35]. Authorisation from Dr. Yves Ardaens
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authors proposed to reassess the threshold of 10 cm3 as diagnostic criterion of 
PCOM [34, 42], but no recommendation has yet been made [30].

8.3.1.4  Magnetic Resonance Imaging (MRI)
MRI has been proposed as an alternative to ultrasound to count the FNPO, and to 
evaluate the ovarian areas and volumes, the stromal hypertrophy and vascularisation 
(with gadolinium injection). However, the spatial resolution is not as good as in 
vaginal ultrasound, and the cost is much higher. MRI is therefore not a first-line tool 
in the diagnosis of PCOS, but it is still very helpful in cases of severe hyperan-
drogenism, when it is important to exclude an ovarian tumour.

8.3.2  Anti-Müllerian Hormone

AMH was isolated and purified in 1984 [43] and has been predominantly known for 
its role in male sexual differentiation [44]. In women, its expression is restricted to 
one cell type: the granulosa cells of the ovary. It starts around the 25th week of ges-
tation, continuing until menopause [43, 45].

The functional role of AMH in early follicular growth has been characterised by 
the study of “knocked out” models for the AMH gene (AMHKO) [46–48]. In the 
absence of AMH (“knocked out” mice), there is an increased initiation of primor-
dial follicles into the growing pool (they are recruited faster), resulting in an 
exhausted primordial follicle pool at a younger age than in wild-type animals [46]. 
AMH therefore has an inhibitory effect on early follicular recruitment preventing 
the entry of primordial follicles into the growing pool and thus premature exhaus-
tion of follicles/oocytes [49].

AMH is expressed as soon as primordial follicles are recruited to grow into small 
preantral follicles. Its highest expression is observed in preantral and small antral 
follicles; then it decreases with the selection of follicles for dominance and in atretic 
follicles (Fig. 8.4) [40, 48, 50, 51]. Thus, serum AMH concentration is strongly cor-
related with the number of growing follicles [8, 9]. Considering that the rate of ini-
tiation of follicle growth is deeply related to the initial follicular pool, we can 
assume that serum AMH is an indirect reflection of ovarian reserve. There is actu-
ally a very good correlation between serum AMH levels and FNPO [52], since cir-
culating AMH is mostly produced by granulosa cells of follicles from 2 to 9 mm 
(60%), which are precisely the ones counted on the ultrasound for FNPO assess-
ment [53]. Serum AMH could therefore be used as a surrogate for the FNPO in the 
diagnosis of PCOS.

8.3.2.1  Serum AMH Assessment for PCOS/PCOM Patients
In most patients with PCOS, serum AMH concentration is greatly increased and 
was found to be twofold to fourfold higher in women with PCOS than in healthy 
women [9, 54]. This increase is not only due to the higher number of antral fol-
licles secreting AMH but also to a greater production of AMH from the granu-
losa cells [23].
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Due to the great number of assay kits available for serum AMH, there is currently 
no international threshold to define follicle excess (cf. Sect. 8.3.2.2). In our centre, 
we have defined our own cut-off at 35 pmol/L (4.9 ng/mL) for the diagnosis of fol-
licle excess and prediction of PCOS, using the enzyme immunoassay AMH- EIA 
(EIA AMH/MIS kit) (‘Immunotech’, Ref. A16507) provided by Beckman Coulter 
(France) [37]. This result was obtained after exclusion of women with asymptomatic 
PCOM from the control group through cluster analysis, a mathematical procedure 
that avoids using predefined thresholds for AMH and FNPO. This mathematical 
approach has already been replicated in another setting [30]. In our series, the thresh-
old of 35 pmol/L had a good specificity (97%) and a better sensitivity than the FNPO 
(92%) to distinguish women with PCOS from normal women [37]. However, this 
threshold cannot be extrapolated to other centres using different control populations 
and AMH assays. In addition, the Immunotech assay is no longer marketed.

Recently, Pigny et al. [55] have compared the five currently available serum 
AMH assays in the diagnosis of PCOS (cf. Sect. 8.3.2.2). With manual ELISA 
assays, they proposed a higher cut-off at 5.6 ng/mL (40 pmol/L), for the prediction 
of PCOM (corresponding to the 95th percentile of ‘pure’ controls). They also pro-
posed a threshold at 4.2 ng/mL (30 pmol/L) for the automatic assays. If confirmed 
with the new automatised serum AMH assays or the ultrasensitive assay, a high 
serum AMH level could then become a reliable and accurate marker for PCOM.

8.3.2.2  Controversy of AMH
In clinical application, AMH presents many opportunities but unfortunately there 
are difficulties due to several biological features of this molecule [56]. First, there is 
a molecular heterogeneity of the circulating AMH level with a non-cleaved 
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Fig. 8.4 Schematic model of AMH actions in the ovary. From Dewailly et al. [40]. AMH, pro-
duced by the granulosa cells of small growing follicles, inhibits initial follicle recruitment and 
FSH-dependent growth and selection of preantral and small antral follicles. In addition, AMH 
remains highly expressed in cumulus cells of mature follicles. The inset shows in more detail the 
inhibitory effect of AMH on FSH-induced CYP19a1 expression, leading to reduced oestradiol 
(E2) levels, and the inhibitory effect of E2 itself on AMH expression. T testosterone, Cyp19a1 
aromatase. Figure modified from van Houten et al. [51]
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biologically inactive form and a cleaved biologically active form [57, 58]. Also, 
there is variable sensitivity of the immunoassays to interference by complement 
C1q and C3 [59]. Measurement thus involves different assays with different sensi-
tivities. The last technical issue is the inter-laboratory variability, mainly for low 
values of serum AMH. The difficulty lies in the fact there are currently different 
ELISA immunoassays used worldwide. There are still two ‘manual’ assays (Gen II 
of Beckman Coulter and AL-105-i of Anshlabs), which use different monoclonal 
antibodies and different standards [25]. For some time, there has been lack of agree-
ment between these assays which explains the absence of consensual reference val-
ues and decision thresholds between teams in the literature [49]. But progresses 
have been made and the two assays now seem superimposable [55]. Likewise, auto-
mation on immuno-analysers (Access Dxi of Beckman Coulter and Elecsys of 
Roche Diagnostics) yields nearly identical values [60, 61]. The development of an 
ultrasensitive assay (‘pico AMH’ kit, Anshlabs) is also a progress but this is not 
relevant for PCOM. Hopefully, an international standard for serum AMH assay will 
be established soon in order to maximise its clinical utility.

8.4  Clinical Role of the Assessment of Follicle Excess

8.4.1  Diagnostic Performance

The robust association between AMH and FNPO has led some authors to com-
pare their performance in the diagnosis of PCOS [62, 63]. If results from the 
current literature are not quite homogeneous [49], serum AMH assay is defini-
tively more sensitive and specific than the FNPO as it also reflects preantral and 
small antral follicles (<2 mm), which are hardly seen on ultrasound. Serum AMH 
is therefore a deeper ‘probe’ for the growing follicular pool than the FNPO 
(Fig. 8.5) [37, 40, 53].

Serum AMH assay has other benefits over the FNPO, as its serum level is quite 
stable from one cycle to another and throughout the same cycle (since the dominant 
follicle and corpus luteum do not secrete AMH) [64, 65]. Conversely, the FNPO has 
to be measured on the first 5 days of the cycle [66], to prevent any developing fol-
licle from miscalculating the number of follicles or the ovarian volume.

Serum AMH level is rather independent from the hypothalamic pituitary axis and 
as such is not modified in pathologies such as hyperprolactinemia and functional 
hypothalamic amenorrhea or in incomplete and recent hypogonadotropic hypogo-
nadism, providing serum FSH level which remains normal or subnormal [67]. 
However, serum AMH might be influenced by some factors, and controversies per-
sist, in particular for obesity [68–70] and hormonal contraception [71–73].

Serum AMH assay is also interesting in adolescent, where it can be difficult to 
evaluate the ovaries with abdominal ultrasonography, and where it is sometimes 
hard to estimate the share of the physiological and pathological (PCOS), concerning 
acne and/or cycle disorders [74].
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8.4.2  PCOS Phenotypes

Serum AMH level is correlated to the severity of PCOS symptoms [27] and is higher 
when hyperandrogenism [75] or oligo-anovulation is present [8, 76]. Indeed, AMH 
production in vitro was found much higher in granulosa cells from anovulatory 
PCOS than in normal ovaries or normo-ovulatory PCOS (75- and 20-fold, respec-
tively) [23] (see also Chap. 7).

By principal component analysis, it has been shown that a high serum AMH level 
and an excessive FNPO can be considered as a marker of hyperandrogenism and 
could equally be used as a substitute for the classical markers of ovarian hyperan-
drogenism [77]. This would reconcile the different classifications currently avail-
able for PCOS because some require hyperandrogenism as a necessary criterion 
[78]. In 2011, the following strategy was proposed [37]: for the diagnosis of PCOS, 
hyperandrogenism and oligo-anovulation should be first sought, after excluding all 
alternative diagnoses. If one is missing, PCOM (i.e., high FNPO and/or high serum 
AMH level) can be used instead (Table 8.1) [37]. Thus, there are four PCOS pheno-
types, and it is important to differentiate them, as they do not involve the same 
reproductive concerns and/or metabolic consequences (see also Chap. 2).

Many studies have tried to identify a predictive level of serum AMH for the dif-
ferent phenotypes but results remain mixed [79, 80]. Although it is clear that com-
plete phenotypes of PCOS (phenotype A) have the highest serum AMH levels, it 
was observed that non-hyperandrogenic oligo-anovulatory phenotypes (phenotype 
D) had higher median serum AMH levels than hyperandrogenic normo-ovulatory 
phenotypes (phenotype C) [41]. Alebic et al. [21] described a steadily increase in 
median serum AMH levels across the phenotypes (PCOM < phenotype C < pheno-
type D < phenotype A). They also used the ratio AMH/AFC as a marker of per- 
follicle AMH production and found it to be significantly increased in a stepwise 
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Fig. 8.5 Rationale for the use of serum AMH assay as a probe for PCOM. From Dewailly et al. 
[40]. (a) All growing follicles secrete AMH, but serum AMH reflects only the secretion from big-
ger follicles that are in contact with the vascular bed. As the numbers of follicles in all growth 
stages are strongly related to each other, serum AMH is considered to reflect the sum of growing 
follicles but not the number of primordial follicles that do not secrete AMH. (b) In PCO, the num-
bers of all growing follicles are increased, resulting in a marked increase in serum AMH level. 
AMH may be considered as a deeper and more sensitive probe to define follicle excess than the 
follicle count by ultrasound (U/S) since it appraises more follicle classes (blue arrows)
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manner: low in controls, intermediate in eumenorrheic women (PCOM/phenotype 
C) and high in oligo-amenorrheic women, regardless of androgen status (phenotype 
A/phenotype D) [21]. Recently, Carmina et al. [81] reported that FNPO was signifi-
cantly more sensitive than serum AMH in the overall diagnosis of PCOS (93% 
versus 79%) and especially in non-hyperandrogenic phenotypes (93% versus 53%) 
or ovulatory phenotypes (95% versus 50%). AMH appeared to be helpful in anovu-
latory phenotypes (sensitivity 91% versus 92%) [81].

8.4.3  Utility in Infertility Treatment

PCOS is a frequent cause of infertility because of the dysovulation often associated. 
Therefore, induction ovulation treatments are frequently used, but the follicle excess 
present in this pathology can be responsible for an ovarian overresponse with an 
increased risk of ovarian hyperstimulation syndrome (OHSS). This is a challenging 
situation as the minimal effective dose is often very close to the overdose leading to 
hyperstimulation. Thus, serum AMH level and FNPO can be useful to establish 
treatment protocols and to define the best strategy for ovulation induction in infer-
tile women with PCOS.

8.4.3.1  Clomiphene Citrate
So far, very few studies have examined the predictive power of the follicle excess in 
the response to clomiphene citrate (CC) (see Chap. 10). Only Mahran et al. [82] 
have proposed a threshold for serum AMH at 3.4 ng/mL, above which a resistance 
to CC is highly expected, suggesting a higher starting dose should be used.

8.4.3.2  In Vitro Stimulation
The value of serum AMH for pregnancy prediction in PCOS women undergoing IVF 
treatment was evaluated in very few studies and results were conflicting [83, 84]. 

Table 8.1 Adaptation of the previous classifications for the diagnosis of PCOS, proposing an 
excessive follicle number (FN) of >19 or serum AMH concentration > 35 pmol/L or >5 ng/mL as 
a surrogate when either oligo-anovulation or hyperandrogenism (HA) is missing

Oligo- 
anovulation

Clinical and/or 
biological HA

FN > 19 and/or 
AMH > 35 pmol/la Diagnosis

+ + (±)b PCOS
+ − + PCOS
− + + PCOS
− − + Normal woman with PCOM
+ − − Idiopathic anovulation
− + − Idiopathic hyperandrogenism

a(5 ng/ml)
bNot necessary for the diagnosis
AMH anti-Müllerian hormone, FN follicle number, PCOM polycystic ovarian morphology, PCOS 
polycystic ovarian syndrome
From Dewailly et al. [37]
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Nevertheless, it seems that neither serum AMH nor AFC have proven to be predic-
tive for clinical pregnancy rates in women with PCOS undertaking IVF treatment 
[80]. However, serum AMH level and FNPO appear to be good predictive markers 
for the risk of ovarian hyperstimulation syndrome (OHSS) in IVF cycle [85], mostly 
occurring in PCOS [86]. A recent study proposed a threshold of serum AMH level at 
6.95 ng/mL, above which the risk of OHSS was high (75% sensitivity, 84% specific-
ity) [87]. Ocal et al. [88] used a threshold of serum AMH > 3.3 ng/mL to determine 
the risk of OHSS (90% sensitivity, 71% specificity) and found that serum AMH was 
a better predictor than AFC, LH or FSH. However, the establishment of an accurate 
threshold remains difficult because of the heterogeneity of the OHSS definition (see 
Chaps. 12, 18 and 20).

8.4.3.3  Laparoscopic Ovarian Drilling
Laparoscopic ovarian drilling (LOD) is currently recommended as a successful 
second-line treatment for ovulation induction in women with PCOS (see Chap. 15). 
It is considered to be an alternative to gonadotrophin stimulation in the case of CC 
resistance [89].

The aim is to trigger spontaneous ovulation by destroying small amounts of ovar-
ian cortex. The utility of the AMH assay as a predictor for LOD outcome has been 
recently questioned [90–92], and one study showed that women who ovulated after 
LOD had lower preoperative AMH levels [91]. They identified a pre-LOD serum 
AMH level threshold of 7.7 ng/mL, which could predict failure of LOD (sensitivity 
78%, specificity 76%). However, these data need confirmation, as the statistical 
power of those studies was small.

 Conclusion
The follicle excess is an important, but not exclusive, criterion for the diagnosis 
of PCOS. In the Rotterdam classification, it could be used as a surrogate for 
either oligo-anovulation or hyperandrogenism. Despite considerable efforts to 
determine the cause of PCOM, its pathophysiology is not fully understood as it 
involves multiple mechanisms (hyperandrogenism, FSH, LH and AMH secre-
tions). The follicle excess can be evaluated morphologically by ultrasound or 
biologically by serum AMH level. It has been demonstrated that FNPO suffers a 
great variability from an ultrasound machine to another and from an operator to 
another. Serum AMH appears therefore to be a good substitute, but the lack of 
international standard, due to different assays used worldwide, makes it difficult 
nowadays to consider serum AMH as the ‘gold standard’ in the recognition of 
PCOM.

As regards the use of AMH and/or FNPO for predicting ovarian response to 
controlled ovarian stimulation, the situation might be different between non-
PCOS ovulatory women with high FNPO/AMH and women with genuine 
PCOS. In the latter, other cofactors such as obesity and/or insulin resistance, 
hyperandrogenism or severity of menstrual disorder have been shown to be pre-
dictive, independently from PCOM markers [93, 94]. This should be borne in 
mind, especially when deciding the starting dose of gonadotrophins in IVF cycles.
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9Antiestrogens

Richard S. Legro

9.1  Introduction

This chapter will review current strategies for ovulation induction in women with 
polycystic ovary syndrome (PCOS) focusing primarily on clinical aspects of treat-
ing infertility with antiestrogens in women with PCOS. Antiestrogens are a broad 
category; thus, only most common forms of antiestrogens, selective estrogen recep-
tor modulators (SERMs), which include clomiphene citrate (CC) and tamoxifen and 
raloxifene, will be discussed. However, given the overwhelming number of studies 
with CC, as well as its accepted clinical role over other SERMs in the treatment of 
PCOS, this chapter will largely focus on CC.

9.2  Clomiphene Citrate (CC)

9.2.1  Overview

CC is the most commonly used SERM in ovulation induction in women with PCOS, 
although tamoxifen has also been studied for this indication. These treatments were 
originally studied for the treatment of hormone-dependent breast cancer as were 
also the estrogen receptor antagonists and also the aromatase inhibitors. When you 
consider that many of the chronic treatments for hirsutism were adapted from anti-
androgens developed for the treatment of hormone-dependent prostate cancer, a 
large debt is owed to hormone-dependent cancers and drug repurposing in the treat-
ment of women with PCOS.
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Although SERMs, especially CC, are among the longest utilized drugs to treat 
anovulatory infertility in women with PCOS, their mechanism of action is still incom-
pletely understood. Figure 9.1 summarizes the main and known mechanism of action. 
Specifically, they are thought to function as estrogen receptor antagonists in the hypo-
thalamus and stimulate gonadotrophin-releasing hormone (GnRH) and subsequent 
follicle-stimulating hormone (FSH) secretion. This increase is FSH, especially rela-
tive to the excess of luteinizing hormone (LH) secretion that characterizes women 
with PCOS and restores follicular development, in many cases multi- follicular devel-
opment in women with PCOS, who suffer from an excess of arrested antral follicles. 
They may also have similar effects elsewhere in the body; for instance, they may 
antagonize estrogen-stimulated endometrial development leading to a thinner luteal 
endometrial thickness and contributing to a lower chance of embryo implantation 
despite the increase in ovulatory rate. This theory, however, has been challenged by 
clinical trials of letrozole vs. CC in women with PCOS which have noted that midlu-
teal increase in thickness is significantly higher with CC than with letrozole [2]. Such 
findings may dispel myths about the meaning of easily obtainable but clinically mean-
ingless surrogate endpoints in predicting pregnancy outcomes.

Overall, CC has an estrogenic effect as indicated by the significant increases in 
circulating sex hormone-binding globulin (SHBG) levels after even short exposures 
(i.e., 5 days). The metabolism of CC is complex as it is a racemic mixture of two 
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Fig. 9.1 Mechanism of action of CC (From Palomba [1])
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isomers (zu- and en-CC which may have varying effects) and has a long half-life 
(5–7 days) such that metabolites (especially zu-CC) may accumulate over time with 
carryover effects in consecutive cycles [3].

9.2.2  Efficacy

The cumulative success rate of CC will depend on the population studied, such that 
cumulative 3–6-month live birth rates vary greatly from 20–80% in the literature [4, 
5]. Table 9.1 summarizes a variety of predictive factors that have been identified 
from studies [5–8]. A caveat is that although known predictive factors have been 
reported from multiple groups, rarely is a predictive model for pregnancy validated 
in a subsequent prospective clinical trial [9]. Most infertility studies will screen out 
other causes of infertility prior to ovulation induction, and that process makes good 
clinical sense before commencing with this infertility therapy. The reason is that in 
an unselected population of women with PCOS seeking infertility, there is a high 
proportion of other infertility factors (see also Chap. 6), e.g., 10% of males have 
oligospermia requiring further evaluation or alternate treatments, and ~5% of 
women have bilateral tubal occlusion on tubal testing [by hysterosalpingography 
(HSG), sonohysterography (SHG), or laparoscopy], and a larger percentage have 
endometrial filling defects or unilateral tubal occlusion which may impair response 
to treatment [10].

There is emerging evidence that excessively high anti-Mullerian hormone (AMH) 
levels are associated with both poor responses to CC, i.e., increased resistance to 
ovulation as well as lower pregnancy rates [9]. This may be related to the general 
concept that the more severe cases of PCOS are less responsive to first-line therapy 
than the milder cases. It is often difficult to separate the relative contributions of 
reproductive abnormalities such as hyperandrogenism from metabolic abnormalities 
such as insulin resistance (see Chap. 6). A good example for this is the examination 
of SHBG which increases both in response to lower circulating androgens and higher 
circulating estrogens but also to lower insulin levels and improved insulin sensitivity 
[11, 12]. Both higher baseline SHBG and increases in response to treatment have 
been associated with improved pregnancy rates in PCOS [9, 13].

Table 9.1 Predictive factors for pregnancy with ovulation induction with CC

Known predictive factors Suspected predictive factors
Younger age Exclusion of other infertility factors
Shorter duration of attempting pregnancy Prior nonresponse to SERMs
Lower BMI Lower levels of AMH (above the normal lower 

limit cutoff)
Less hyperandrogenism
Less insulin resistance
Recent pregnancy loss
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9.2.3  Adverse Events

Hot flashes are noted as a particularly annoying side effect by patients. Further there 
is a theoretical concern about a sudden development of visual symptoms due to 
potential pituitary enlargement and pressure on the optic chiasm. This can be a rea-
son for treatment discontinuation though clinically it is often to determine the 
source of such symptoms without brain imaging, which is typically not performed 
in such cases. The most common side effects to CC are related to successful 
response, i.e., abdominal pain and cramps, dysmenorrhea, breast tenderness, etc., 
related to follicular development, ovulation, and menses, if the patient does not 
conceive. Patients, who, due to their anovulation, are not used to such symptoms, 
should be counseled about the normalcy of such symptoms in the context of ovula-
tory response. CC can induce the formation of follicular cysts requiring treatment 
cessation until cysts resolve.

Multiple pregnancy rates are in the range of 4–8% and most are twins, though case 
reports have also documented high-order multiple pregnancies after CC use. From our 
experience with the use of CC in both PCOS and unexplained infertility, multiple 
pregnancy rates (among clinically recognized pregnancies) trend higher in the popula-
tion with unexplained infertility (9.4%) compared to PCOS (4.0%) [2, 14].

There are no known patterns of congenital birth defects related to CC, though 
greater attention has focused on this serious adverse event with the increased scrutiny 
of birth defects in patients who conceived with letrozole (see also Chap. 10). One 
retrospective chart review noted an increased prevalence of cardiac-related malfor-
mations with CC compared to letrozole in women with infertility [15]. Another reg-
istry-based study in Australia also noted a high prevalence of birth defects after CC 
use compared to other forms of infertility therapy, but this may be a type 1 error due 
to the low number of patients in this category [16]. Prospective trials of letrozole and 
CC in both unexplained infertility and PCOS have noted comparable congenital mal-
formation rates below 5% with both drugs. Thus, currently there are not supporting 
data to counsel patients of an increased congenital malformation rate with the use of 
CC compared to other therapies.

9.2.4  Protocols

CC is given in the early follicular phase or, more correctly stated, the constant fol-
licular phase of anovulatory women with PCOS. Thus, it is a moot point whether to 
begin on day 3 or day 5 of the cycle, since the women are acyclic. If a woman with 
PCOS ovulates, there is no reason to recommend a day 3 or day 5 cycle start in a 
subsequent cycle. The starting dose for clomiphene is 50 mg a day for 5 days. Many 
groups will perform a baseline ultrasound with serum progesterone screening to 
rule out periodic and unexpected ovulation. Further baseline ultrasounds (or midlu-
teal ultrasounds) will be obtained to rule out the presence of large residual cysts that 
may lead to symptoms, ovarian torsion, or unilateral ovarian suppression of follicle 
development, due to a mass effect. At a minimum, it is prudent to perform a urine 
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pregnancy test to rule out potential exposure of an early pregnancy to the medica-
tion before any dose is given. This advice is practical for all ovulation induction 
methods in women with PCOS.

In terms of monitoring, verifying follicular development or ovulation with a 
serum progesterone, ultrasound, or both may allow for more rapid advancement to 
therapeutic doses. If there is no ovulation or follicular development, the so-called 
stairstep protocol may be utilized, which recommends dose increases every 2–3 
weeks based on follicular response [17]. Other regimens proposed in the literature 
but less used in the clinical practice are the “extended regimen,” i.e., CC administra-
tion at doses of 100 mg daily starting on day 2 of menses for 9 days; the “luteal 
phase regimen,” i.e., CC administration at doses of 100 mg daily starting the next 
day after finishing medroxyprogesterone acetate given for 5 days; and the “repeated 
intra-cycle regimen,” i.e., CC administration at the same dose per 5 days at regular 
intervals.

There are limited data to suggest that follicular phase monitoring and triggering 
of ovulation with hCG is superior to no monitoring and timed intercourse in anovu-
latory patients. The dose of CC is increased by 50 mg a day up to a maximum daily 
dose of 150 mg a day or 750 mg per cycle as per the US Food and Drug Administration 
package insert recommendations. Higher daily doses of CC have been given with 
reported success or longer duration of dosing beyond 5 days [18].

It is debatable whether an induced withdrawal bleed is necessary prior to ovu-
lation induction or between anovulatory cycles if a patient is nonresponsive to 
medication (i.e., CC resistant) [19]. The rationale for this likely extends back to 
the concept that a “fresh” endometrium has a better prognosis than one that has 
seen a prolonged follicular phase; however, there is also the potential for harm 
through excessive shedding of the endometrium or through prolonged suppres-
sion of the hypothalamic pituitary axis through progestin challenge. Further pro-
spective studies are needed supporting lower pregnancy rates with this practice 
before a definitive recommendation to discontinue progestin challenge can be 
made [20].

9.2.5  Adjuvant Infertility Therapies with CC

CC may see its fullest range of use in combination with other medications. A sum-
mary table (Table 9.2) of select adjuvant agents in which some benefit from at least 
one prospective trial is noted is included in this chapter. Of note, the only adjuvant 
therapy to clomiphene which in the Cochrane systematic reviews of antiestrogen use 
in PCOS was found to significantly improve pregnancy rates was dexamethasone 
[21]. CC plus dexamethasone treatment was effective in increasing pregnancy rate of 
about tenfold compared to CC alone [odds ratio (OR) 9.46, 95% confidence interval 
(CI) 5.1 to 17.7]. Metformin has been studied most extensively as an adjuvant ther-
apy to CC, and generally in large studies, the combination has not been statistically 
superior to CC alone in improving pregnancy rates [4, 22, 23]. However there may 
be a benefit in certain subsets of patients, particularly obese patients [ 4, 24]. Further 
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such studies were useful for showing the comparative difference in quality of ovula-
tion with CC versus metformin. CC may also be useful as an adjuvant therapy to 
reduce the utilization of more expensive medications such as gonadotrophins [25], 
reducing the rate of complications rates such as ovarian hyperstimulation syndrome 
(OHSS) when used as an adjuvant.

9.2.6  Areas of Uncertainty

Many issues with CC still need to be addressed. The ideal number of cycles for first- 
line therapy has not been established, but longer studies have shown that time does not 
diminish the per cycle pregnancy rates with CC over five or six cycles [2, 4, 22]. Thus, 
if a patient is ovulating, a longer course of ovulation induction with CC may be indi-
cated if other factors do not lead to choosing alternate and more successful therapies 
(i.e., gonadotrophins or IVF). CC resistance remains an issue as up to 25% of patients 
will not ovulate even when challenged with the highest dose of 150 mg/day. Adjuvant 
therapies or preconception weight loss in obese patients may improve the ovulation 
rate with CC [26, 27]. Such studies have formed the basis for the recommendation by 
experts for obese women with PCOS to lose weight prior to ovulation induction. 
However, more recent studies have noted a relative harm in obese women who delay 
infertility treatment to pursue lifestyle modification, with significantly lower cumula-
tive live birth rates over a 2-year period of follow-up [28]. Further studies in this area 
are needed.

9.3  Other SERMs: Tamoxifen and Raloxifene

Tamoxifen and CC have very similar structures with only a difference in a single 
side chain between them (Fig. 9.2). This may explain the fact that there appears to 
be little difference between them in terms of ovulation rates and pregnancy rates in 
comparative trials between CC and tamoxifen [21, 29, 30].

At the moment, there has been one small trial comparing CC to raloxifene, a 
newer SERM for ovulation induction in women with PCOS, which noted 

Table 9.2 Concurrent adjuvant infertility therapies 
with CC

Ovarian stimulation agents
Gonadotrophins [25]
Letrozole [32]
Adrenal agents
Dexamethasone [33]
Metabolic agents
Metformin [34]
Rosiglitazone [35]
Supplements
L-Carnitine [36]
N-Acetyl Cysteine [37]
Inositols [20]
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comparable ovulation rates [31]. Thus, currently there appears to be little rationale 
for choosing tamoxifen or raloxifene over CC or using tamoxifen or raloxifene in the 
face of CC resistance or CC failure.

 Conclusion
Despite the emergence of aromatase inhibitors as first-line infertility ther-
apy in women with PCOS, CC remains a time-honored relatively safe and 
effective means for ovulation induction in women with PCOS. Many oppor-
tunities exist to improve our utilization of CC including pharmacogenetic 
studies to identify responders, further studies of combination therapy with 
other safe and relatively effective adjuvants, and better long-term studies of 
prolonged treatment courses with CC in ovulatory patients. Such studies 
could help us to clarify the role of clomiphene in the future treatment of 
women with PCOS-related infertility.
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10Aromatase Inhibitors

Nivin Samara and Robert F. Casper

10.1  Introduction

Aromatase (AROM) is the rate-limiting enzyme in oestrogen biosynthesis, and inhi-
bition of its activity reduces oestrogen blood levels and negative feedback on gonad-
otrophin secretion. More than 15 years have passed since the first use of an aromatase 
inhibitor (AI) as a treatment for induction of ovulation in patients with polycystic 
ovary syndrome (PCOS) [1]. Letrozole (LTZ) is the dominant AI in use in infertility 
treatment. It is now the first treatment option for different subfertility/infertility 
indications. Induction of ovulation in both naïve and clomiphene citrate (CC) resis-
tant infertility patients with PCOS is the main indication. LTZ is also widely admin-
istered in treatment of unexplained infertility and mild male factor infertility either 
as a sole treatment or in combination with gonadotrophins and intrauterine insemi-
nation (IUI) [2]. Recently more and more studies demonstrate the potential benefi-
cial use of LTZ in in vitro fertilisation (IVF) cycles especially in breast cancer 
patients going through fertility preservation treatment [3–5]. LTZ is used “off label” 
in North America and many other Countries around the world. The warning letter 
published by the original manufacturer is still the main obstacle to wider acceptance 
[6]. In the last 15 years, many studies have been published describing favourable 
results with LTZ use in reproductive technologies with no significant short or long- 
term side effects [7]. We believe, in the light of the accumulating clinical research 
evidence, that LTZ is safe for use in assisted reproduction. Meanwhile, the use of 
AIs for induction of ovulation in PCOS patients is well documented. LTZ has 
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several benefits over the traditional treatment with CC [8] including the develop-
ment of normal endometrial thickness and normal cervical mucus, predominantly 
monofollicular ovulation with reduced risk of multiple pregnancy and a short half- 
life that prevents accumulation with serial use. In the following chapter we will 
review use of AIs in ovulation induction, focusing primarily on World Health 
Organization (WHO) type 2 classification, mainly PCOS.

10.2  History

For decades, the cytochrome P450 AROM) has been under intensive investigation to 
understand its function in conversion of the androgens, androstendione, testosterone 
and 16 α-hydroxytestosterone to the oestrogens, oestrone (E1), 17β-oestradiol (E2) 
and 17β, 16α-oestriol (E3), respectively. AROM functions in various tissues and 
organs including ovaries, adipose tissue, brain, liver and breast [9]. The main interest 
in this field has been in the development of an improved therapy for postmenopausal 
oestrogen-dependent breast cancer [10]. Aminoglutethimide (AG) was discovered in 
1961 and first used as an antiepileptic treatment. It represents the first generation of 
AIs and was used as early as 1974 [11]. A reduction in E1 levels was described in 
postmenopausal breast cancer patients treated with AG [12, 13]. Its main side effects 
were a result of its low selectivity; AG inhibited AROM but also inhibited the activity 
of other P450s, e.g. P450scc and some enzymes involved in thyroid biosynthesis [14].

Formestane is a steroidal AI, synthesised in 1973 [15], and first reported as an AI 
in 1984 [16]. Formestane belongs to the second generation AIs, has fewer side 
effects compared with AG and underwent several clinical trials in breast cancer 
treatment [16]. Formestane was never approved for clinical use, mostly, because of 
low oral bioavailability [17] and the discovery of the third generation AIs with more 
selective and more potent AROM inhibition [10]. The other second generation AI is 
fadrozole, it was a non-steroidal reversible AI like AG but more potent and specific 
[18, 19]. Fadrozole was used as early as 1987, and was part of clinical trials of 
breast cancer treatment in 1989. Fadrozole was approved for clinical treatment in 
Japan but never by the Food Drug Administrations (FDA) in the United States (US). 
Despite relatively high selectivity, fadrozole had some side effects including nausea, 
vomiting, fatigue and suppression of aldosterone [16].

Third generation non-steroidal AIs include anastrozole (ANZ), LTZ and exem-
stane (EXM), all approved by the FDA in the late nineties for clinical use for post-
menopausal oestrogen-dependent breast cancer [20]. The prominent feature of the 
third generation drugs is high selectivity for AROM and as a result fewer side effects 
[21, 22]. It is noteworthy that all three AIs are equally effective in breast cancer 
therapy [23, 24]. All three AIs have shown superior efficacy and greater disease free 
survival when compared to tamoxifen, a selective oestrogen receptor modulator 
(SERM) in treating breast cancer [21, 22], more recently employed for ovulation 
induction too (see Chap. 9). Among third generation AIs, the most common adverse 
effects are fatigue and arthralgia, in addition to hypoestrogenism-related effects 
including hot flashes and osteoporosis [21, 22, 25, 26].
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10.3  Pharmacokinetics and Pharmacodynamics

Third generation AIs have a relatively short half-life. This feature is especially 
important for fertility indications. The faster the elimination from the circulation, 
the less chance exists of exposure of the fertilised oocyte or developing embryo 
through implantation and beyond, thereby reducing the possibility of any terato-
genic effect. LTZ has a half-life of about 45 h. It is completely cleared from blood 
within approximately 10 days or 5 times the half-life length. Oral LTZ bioavail-
ability is 100%, and it reaches a blood steady state level in 4–8 h. LTZ at the 
2.5 mg dose suppresses oestrone and oestradiol by ~78% in postmenopausal 
women, with maximum suppression achieved after 48–72 h. Contrast that phar-
macokinetic with those of CC below.

CC was considered for six decades as the sole oral treatment for ovulation 
induction in PCOS patients, despite accumulating evidence of undesirable side 
effects that impaired pregnancy success compared to ovulation efficacy (see also 
Chap. 9) [7]. CC is a SERM that blocks oestrogen negative feedback in the pitu-
itary and hypothalamus by depleting oestrogen receptors (ER), resulting in the 
increase in secretion of luteinising hormone (LH) and follicle stimulating hor-
mone (FSH). This anti-ER effect is non-specific and is the explanation for the 
detrimental impact of CC on cervical mucus and the endometrium [27, 28]. A 
proportion of patients with PCOS demonstrates resistance to CC and do not ovu-
late. Following resistance to CC for ovulation induction, historically most physi-
cians would switch to injectable gonadotrophins with potentially unfavourable 
results such as multiple pregnancy and a risk of ovarian hyperstimulation syn-
drome (OHSS) (see also Chap. 21). The optimal alternative to CC, therefore, 
would be a similar oral, inexpensive medication with a short half- life [29, 30], 
and no anti-estrogenic effects.

LTZ – 4,4′-[1H-1,2,4-triazol-1-ylmethylene]-bis-ben is highly selective for 
AROM. Originally suggested as a possible contraceptive agent, multiple follicle 
formation was observed following administration of LTZ in Bonnet monkeys [31]. 
Several years later, in 2001, Mitwally and Casper [1] published their work on a 
group of patients who failed to ovulate or who demonstrated thin endometrium and 
failure to conceive with CC treatment. The patients had mixed anovulatory and 
ovulatory infertility disorders. They were treated with LTZ, 2.5 mg a day, from day 
3–7 of the cycle. Seventy-five percent of PCOS patients ovulated and 90% of ovula-
tory patients had one or more follicles with adequate endometrial thickness. 
Seventeen percent of the patients conceived following LTZ treatment.

This was the first study suggesting LTZ as an alternative to CC, and proposing 
a solution for the adverse anti-oestrogenic effects of CC on extra-ovarian tissues. 
Gradually, since the first report described above, LTZ has become a popular, off 
label, treatment for ovulation induction and stimulation. Numerous studies have 
been and still are conducted on LTZ. This active research and clinical use contrib-
utes to continuous improvement in efficacy and safety of LTZ treatment protocols. 
The selection of LTZ for fertility treatment, rather than other third generation 
AI’s, was serendipitous, after a patient with breast cancer was prescribed LTZ by 
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her oncologist and she asked us about the medication. It is noteworthy that LTZ 
has become the predominant AI in use in assisted reproductive technology (ART) 
and the rest of this review will focus on data related to LTZ.

10.4  Mechanism of Action

Both peripheral oestrogen production in ovaries and fat tissue, and central estro-
genic secretion in the brain result in negative feedback on gonadotrophin secretion 
from the hypothalamus-pituitary axis [32–34]. By eliminating oestrogen production 
in the early follicular phase, LTZ will cause secretion of more FSH and recruitment 
of one or more follicles. A smaller fraction of the FSH increase is attributed to 
enhanced activin discharge from the pituitary following reduced oestrogen levels. 
Activin locally, stimulates FSH secretion from gonadotrophes [35].

In 2009, cytochrome P450 AROM was purified in its crystal form for the first 
time enabling a better understanding of its function in conversion of androgens to 
oestrogens. [10]. Androstendione is the natural substrate of AROM, binding to the 
active site of AROM, a heme-distal group of the P450 subunit. LTZ binds reversibly 
to this active group of AROM, inhibiting androgen transformation to oestrogens 
[10]. As already before reported, LTZ has relatively short half-life about 45 h [7, 
36–39] and LTZ and the other AIs do not down-regulate oestrogen receptors, nor 
have any direct estrogenic or anti-estrogenic activity.

Some studies reported that testosterone enhances FSH receptor expression in the 
ovaries promoting follicular development in the follicular phase [40–42]. The LTZ 
inhibition of androgen aromatisation may result in accumulation of androstenedi-
one and testosterone in the ovaries. Androgens may also increase local secretion of 
endocrine and paracrine factors involved in follicular development such as insulin- 
like growth factor (IGF) [43, 44].

PCOS patients have typically relatively low FSH levels. One possible explanation 
is that central oestrogen levels are high as a result of aromatisation of the abundant 
androgens in these patients. It is expected that this effect would be counteracted by the 
inhibition of aromatisation by LTZ resulting in an increase in FSH levels and recruit-
ment of multiple follicles in the early follicular phase. However, the FSH increase 
remains modest because once the AROM inhibition effect wears off; oestrogen nega-
tive feedback is resumed since unlike CC, LTZ results in no ER depletion. In addition, 
high levels of inhibin in PCOS patients may modulate the rise in FSH [45].

Anti-Mullerian hormone (AMH) has been suggested as an active factor in the 
pathogenesis of PCOS (see also Chap. 8). AMH is usually elevated in PCOS as a 
result of abundant secretion from granulosa cells of small follicles in the PCOS 
ovary [46]. Some evidence supports the assumption that AMH is not merely an 
indicator of antral follicle number but is also active in inhibiting early follicle 
growth. AMH is secreted from the primary follicle stage onwards and its secretion 
is highest during in the pre-antral and small antral follicle stages and declines after 
the follicle reaches a diameter of about 8 mm [47, 48]. AMH inhibits follicular 
growth [49]. In in vitro experiments, AMH treatment reduced FSH-induced [50] 
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and cAMP-stimulated AROM activity, and AROM mRNA expression and E2 pro-
duction [49–51]. PCOS patients have higher serum levels of AMH compared to 
normal cycling women [49]. The increase in AMH was also demonstrated in fol-
licular fluid [52] and granulosa cells [53] of anovulatory PCOS patients compared 
with ovulatory women. A higher total AMH and higher AMH per follicle in PCOS 
patients who did not respond to ovulation induction with CC were demonstrated 
[54]. In a study comparing LTZ to CC for ovulation induction in PCOS patients, a 
greater reduction in AMH levels in the LTZ group compared with CC group was 
found [8]. These data suggest another possible route of a potential positive effect of 
LTZ on ovarian response in PCOS patients.

This complex system of hormonal balance and interactions combine to form a 
favourable treatment result with LTZ in PCOS patients. AIs achieve induction of 
ovulation without interfering with the negative feedback system in the hypothala-
mus and pituitary and with no adverse effect on endometrial development. Mono- 
follicular response in anovulatory PCOS patients is a reasonable goal that can be 
obtained by LTZ since the short half-life allows rapid resumption of follicular oes-
trogen production and normal negative feedback of oestrogen on FSH to prevent 
further follicular recruitment. Nonetheless, dose management and monitoring with 
ultrasound must be individualised to be optimal.

10.5  Clinical Data

Induction of ovulation is the main target of fertility treatment for PCOS patients. It 
is widely accepted that lifestyle change is a first line treatment in overweight or 
obese patients (see also Chap. 13). However, a Cochrane meta-analysis concluded 
that there is no data regarding pregnancy, live birth and miscarriage rates in PCOS 
women with lifestyle modification, even though restoration of ovulation and cycle 
regularity has been reported following weight loss [55]. A recent large study from 
the Netherlands compared lifestyle intervention for weight loss for 6 months before 
fertility treatment in obese PCOS patients compared to immediate ovulation induc-
tion. The results of this study showed no benefit of lifestyle intervention. Significantly 
more women had a healthy live birth by 24 months in the immediate ovulation 
induction group compared to the lifestyle intervention group [56]. The timing of 
interventional treatment is usually matched to the patient’s desire for pregnancy, 
age, and concurrent infertility factors. Because of variability in response to weight 
loss, CC has been widely prescribed for ovulation induction. For the last 60 years, 
CC has been the first line pharmacological treatment for PCOS patients (see Chap. 
9). CC has the advantages of easy oral use and low cost. However, the cumulative 
birth rate is relatively low (22% in up to 6 cycles [56]). As mentioned above CC has 
unwanted anti-estrogenic side effects, and the potential for multiple pregnancy 
(3–8%) [8] compared to 1% in naturally conceived pregnancies. Failure of ovula-
tion or resistance to CC leads usually to a progression to gonadotrophin therapy. 
The recommended gonadotrophin protocol in PCOS patients is “low and slow” 
meaning low dose of gonadotrophins for several days before a gradual increase in 
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dose and continuous intensive monitoring to reduce the risk of multiple ovulation 
and multiple pregnancy or OHSS [57, 58]. Gonadotrophins are administrated as 
daily injections and they are expensive. More details on gonadotrophin ovarian 
stimulation are given in the Chap. 12).

As described above, the preliminary study by Mitwally and Casper reported 75% 
ovulation and 17% pregnancy rate with one cycle of treatment in PCOS patients 
who did not response to CC [1]. Similar ovulation rates were described in other 
studies. Many clinical studies have been conducted since 2001 comparing LTZ with 
other ovulation induction treatments. Various protocols have been tried, and gradu-
ally a diversity of indications has resulted.

The early studies described patients treated with LTZ as second line therapy after 
failure to induce ovulation with CC or failure to achieve pregnancy in PCOS 
patients. As more and more comparative studies accumulated, however, more evi-
dence has been collected supporting the use of LTZ as a substitute for CC and a 
primary treatment for PCOS. A Cochrane meta-analysis examined the outcomes of 
26 randomised controlled trials (RCTs) and confirmed that LTZ improved live birth 
and pregnancy rates compared to CC [59, 60]. Odds ratio (OR) of live birth was 1.64 
and OR of clinical pregnancy rate was 1.4 for LTZ compared to CC. No evidence of 
difference in miscarriage rates was demonstrated between pregnancies achieved 
after LTZ vs. CC. LTZ was associated with reduced risk of multiple pregnancy, 
estimated OR 0.38. Recently, Legro et al. [8] have published what has been consid-
ered to be the definitive comparison of LTZ and CC for ovulation induction in 
PCOS. That study showed improved ovulation rate (88.5% vs. 76.6%), improved 
conception rate (41.2% vs. 27.4%), improved clinical pregnancy rate (31.3% vs. 
21.5%) and live birth rate (27.5% vs. 19.1%) in LTZ treated patients compared to 
CC (see also Chap. 9).

10.5.1  CC Resistance

Fifteen to 40% of PCOS patients fail ovulate following multiple treatment cycles 
with CC and are considered to be CC resistant [61]. Moreover, the definition of CC 
resistant is very variable among available studies. One study defined CC resistance 
as failure to ovulate after 5 cycles of CC up to 250 mg [62]. LTZ has been proposed 
as an alternative treatment in these women. In fact, the first study conducted by 
Mitwally and Casper [1] was conducted in CC resistant PCOS patients. Since then 
many studies have been published comparing LTZ with other treatments in manage-
ment of CC resistant patients with a success rate of LTZ to induce ovulation of 
around 33% [63]. In a comparative study of LTZ and tamoxifen in CC resistant 
patients, ovulation rates were 23.3% vs. 8.89% with LTZ and tamoxifen, respec-
tively and pregnancy rates were more than doubled in the LTZ group [64]. Another 
study compared LTZ with CC combined with metformin in treatment of CC resis-
tant patients, and the ovulation rates were equivalent between these two groups 
(64.9% vs. 69.6%, respectively) [65].
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Another treatment that has been proposed for CC resistant patients is laparo-
scopic ovarian drilling (LOD). In our opinion, LOD should be an obsolete treatment 
for induction of ovulation in PCOS (see also Chap. 15). Conventionally, it is 
reserved as an alternative to gonadotrophins in CC resistant PCOS patients. Even 
though LOD is a surgical procedure, it appeals to patients who cannot afford expen-
sive gonadotrophin treatments and reduces the risk of multiple pregnancy associ-
ated with gonadotrophins. However, we have demonstrated by second-look 
laparoscopy, that LOD is associated with consistent formation of ovarian adhesions 
[66] and should probably be abandoned, especially since the ovulation and preg-
nancy rate with LTZ treatment was found to be equally as, or more effective than, 
LOD. No difference was observed in miscarriage rates and live birth rates were also 
increased with LTZ [67, 68].

10.6  Protocols and Doses

In their initial study, Mitwally and Casper used LTZ 2.5 mg daily for 5 days from 
cycle days 3 to 7 with good results. Since then, LTZ 2.5 mg has been the usual treat-
ment dose that is successful in inducing ovulation in most patients with 
PCOS. Al-Fadhli et al. prospectively compared 2.5 mg and 5 mg of LTZ for 5 days 
and observed a higher number of dominant follicles and significantly higher preg-
nancy rates in the 5 mg per day arm [69]. Badawy et al. compared 2.5, 5 and 7.5 mg 
of LTZ per day in unexplained infertility patients. They found a higher number of 
follicles in the 7.5 mg group but no significant difference in pregnancy rates between 
the three doses [70]. Additional studies looked at 2.5 mg vs 5 mg of LTZ daily 
together with recombinant FSH (rFSH) in women with unexplained infertility. No 
difference in pregnancy rates was detected but lower amounts of rFSH were needed 
with the 5 mg LTZ arm making it more cost-effective [71].

Three other protocols of LTZ administration that may be interesting have been 
reported. In a nonrandomised study, a single dose of 20 mg LTZ given on cycle day 
3 was compared with daily dose of 2.5 mg for 5 days [72]. The single dose admin-
istration was comparable to the 5-day protocol and may have several benefits includ-
ing ease of use, safety due to more rapid clearance of LTZ than the 5-day treatment 
regimen, and improved patient compliance. Another study reported by Mitwally 
et al. suggested that a step-up protocol could be used if multiple follicle ovulation is 
desired [73]. Finally, in some women who fail to ovulate with the standard dose of 
LTZ given for 5 days, a 10-day course has been reported to be successful [74].

Nevertheless, with young PCOS patients the risk of overstimulation must be kept 
in mind regardless of the protocol used, and the risk of multiple and even higher 
order multiple pregnancies is always present [8, 75]. For example, even though 
monofollicular ovulation is the rule with LTZ, a sextuplet pregnancy has been 
reported after un-monitored LTZ use for ovulation induction in a PCOS patient with 
more than 50 basal antral follicles [85]. Therefore, we recommend cycle monitoring 
to follow response to treatment and to prevent high order multiple pregnancies with 
any type of stimulation protocol.
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10.7  Side Effects

The main side effects of LTZ use in fertility patients include headaches in 1% and 
leg cramps in 1% of women and these seem to be idiosyncratic, i.e. unrelated to 
dose but possibly impacted by vitamin D deficiency [76]. Most of the reported side 
effects were inferred from studies and observations in breast cancer patients. This 
population is totally different from the infertility treatment population. The former 
are usually postmenopausal women while the latter are young healthy patients. The 
duration of LTZ treatment is very short in ART. Therefore, the long-term side effects 
are not expected to occur.

10.8  Foetal Safety and Teratogenic Effects

Concerns about safety of LTZ for ovulation induction emerged based on early stud-
ies of LTZ exposure during pregnancy in animal models. Exposure during organo-
genesis in pregnancy resulted in congenital anomalies in rats and rabbits and foetal 
mortality at increased doses [77, 78]. These studies examined the effect of LTZ 
during a time period which is not consistent with the use of LTZ in fertility treat-
ment for induction of ovulation. In a more relevant animal model, mice treated for 
6 weeks with LTZ and then allowed to conceive 2 weeks after last dose, demon-
strated no foetal anomalies [79].

Clinical concern about the safety of LTZ arose during the Annual Meeting of the 
American Society for Reproductive Medicine (ASRM) 2005 where an abstract pre-
sentation described a possible link between LTZ treatment for ovulation induction 
and new-born congenital cardiac and bone anomalies [80]. The comparison in this 
study was between a small group of 150 babies delivered after LTZ treatment and a 
group of 36,050 low risk deliveries conceived spontaneously. The methodological 
design of this retrospective study was criticised from several aspects. The study did 
not take into consideration that infertility patients have a higher risk of anomalies 
regardless of treatment modality. The two groups were not comparable in age (mean 
age 35 years in the LTZ group compared with 30 years in the controls) nor in other 
potential risk factors like diabetes and twins, which were more common in the LTZ 
group. Additionally, many spontaneous pregnancies with foetal anomalies or com-
plications were referred to a high-risk hospital, and not included in the low risk 
hospital registration. A peer-reviewed manuscript of the abstract presentation was 
not accepted for publication. Nevertheless, Novartis Pharmaceuticals, the manufac-
turer of LTZ, published a warning notice to physicians declaring that the use of LTZ 
was contraindicated in reproductive age women or for fertility treatment.

In the year following the aforementioned presentation, Tulandi et al. [81] pub-
lished a multicentre Canadian study comparing the neonatal congenital malforma-
tion rate in 504 babies conceived after LTZ treatment and in 397 babies conceived 
after CC use. Major malformations (VSD, oesophageal atresia and cleft palate) 
were 1.2% in the LTZ group and 3% in the CC group, resulting not significantly 
different. VSD was more prevalent in new-borns in the CC group 1% vs. the LTZ 
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group 0.2%. Moreover, the rate of overall cardiac anomalies was significantly 
higher in the CC group than in LTZ group (1.8% vs. 0.2%, respectively). No differ-
ence was observed in regard to minor malformation (e.g. pre-auricular skin tag, 
congenital ptosis, plagiocephaly) in the CC group (4.8%) vs. the LTZ group (2.4%).

This study by Tulandi et al. [81] was the first to uncover a possible teratogenic 
effect of CC. This association has some biologic plausibility since the half-life of 
the zu-clomiphene isomer is about 2 weeks [82] suggesting that the complete clear-
ance of CC from the body may take around 10 weeks (5 half-lives) and does include 
part of the period of organogenesis in the foetus. Since then, several publications 
have focused on the safety of CC. One recent publication concerning CC and birth 
defects was published by Reefhius et al. [83] using data from the Centers for Disease 
Control National Birth Defects Prevention Study (NBDPS). The authors observed a 
significant association between CC exposure and the occurrence of anencephaly, 
Dandy Walker malformation, coarctation of the aorta, esophageal atresia, cloacal 
exstrophy, craniosynostosis and omphalocele. In addition, this study confirmed the 
previous findings of Tulandi et al. [81] regarding a significant increased risk of sep-
tal heart defects including muscular ventricular septal defect (VSD). Another recent 
study found an increased association of neural tube defects with CC use that was 
independent of ART use [84]. However, the latter two findings need to be viewed 
with caution since the babies in the CC patients were compared to babies from 
spontaneous pregnancies. Patients with PCOS in whom ovulation induction is indi-
cated may be at increased risk of birth defects because of underlying associated 
obesity or defects in glucose metabolism.

Our understanding of the pharmacokinetics of LTZ strengthens the safety of this 
medication for induction of ovulation. Its short half-life (~45 h) ensures that early 
follicular use (day 3–7 of the cycle) of LTZ eliminates oocyte or embryo exposure 
to LTZ thereby reducing any theoretical teratogenic effect. To further increase 
safety, we recommend a pregnancy test prior to LTZ start to reduce the chance of 
undiagnosed early pregnancy exposure.

10.9  Other Infertility Indications for Aromatase Inhibitors 
Treatment

10.9.1  Unexplained Infertility

By definition, unexplained infertility is diagnosed when no cause of infertility or 
subfertility has been determined. Treatment is not targeting a specific problem and 
one strategy is to increase follicular numbers or to bypass undefined obstacles. LTZ, 
with its usually monofollicular ovulation, is less effective in treatment of unex-
plained infertility patients compared to patients with PCOS [85]. Comparative stud-
ies between LTZ, CC and gonadotrophin stimulation in unexplained infertility 
patients showed lower cumulative pregnancy rates after 4 cycles of LTZ or CC 
compared with gonadotrophins, but at the expense of a 30% multiple pregnancy rate 
in the gonadotrophin group including high order multiples. In contrast, no high 
order multiple pregnancy was reported in either the LTZ or CC groups [86].
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10.9.2  Breast Cancer and Fertility Preservation

Increasing numbers of breast cancer patients survive the disease and are cured due 
to effective but nonetheless gonadotoxic chemotherapy [87]. Therefore, fertility 
preservation counselling is important for these patients. Oocyte or embryo cryo-
preservation is the most effective method of preserving fertility for these young 
patients [88]. Two main concerns are predominant in addressing this option: time 
available before chemotherapy start and serum oestrogen levels during ovarian 
stimulation. In general, during controlled ovarian stimulation for IVF, oestrogen 
levels may rise to be 10–20 times the physiologic levels and there is concern that 
this increase might accelerate the breast cancer growth if the tumour is positive for 
ER. Combined ovarian stimulation with gonadotrophins and the addition of LTZ to 
lower serum oestrogen concentrations was initially described for oocyte cryopreser-
vation in breast cancer patients with positive ER [89, 90]. Oktay et al. [91] studied 
a protocol in which LTZ was initiated at day 2–3 of cycle together with gonadotro-
phins and both medications were continued until the trigger for follicular matura-
tion. Oestradiol levels throughout stimulation and after ovulation were significantly 
lower in the LTZ-gonadotrophin protocol compared with the conventional long pro-
tocol of stimulation in infertility patients. The number of retrieved oocytes and fer-
tilisation rates were comparable in the two groups. Significantly lower amounts of 
FSH were needed in the LTZ-gonadotrophin stimulation protocol [70, [91] A more 
recent publication [92] from the Cornell group compared 220 patients with breast 
cancer undergoing oocyte retrieval with gonadotrophins and letrozole for oocyte 
preservation with 451 age matched patients undergoing elective oocyte cryopreser-
vation using gonadotrophins alone. This study observed significantly more total and 
mature oocytes retrieved in the breast cancer patients with lower oestradiol concen-
trations compared to the control group. Fifty-six of the breast cancer patients subse-
quently had frozen embryo transfer with a 32% live birth rate [92].

Multiple other protocols have been assessed in breast cancer patients including a 
comparison of tamoxifen and LTZ supplementation during gonadotrophin stimula-
tion [93]. LTZ appears to provide a favourable response by achieving multiple 
desired effects. First, LTZ causes a decrease of oestrogen negative feedback cen-
trally thereby releasing more endogenous FSH and recruitment of more follicles. 
Second, LTZ provides direct protection of the breast tissue by reduction of oestro-
gen levels in the breast tissue itself. Third, as mentioned above, LTZ reduces circu-
lating oestrogen during ovarian stimulation [91, 94]. Ovarian stimulation with 
LTZ-gonadotrophin for IVF has not been shown to increase breast cancer recur-
rence rate [95].

Random start of follicular stimulation has become more widely used after the 
demonstration that ovarian follicles develop in a wave pattern, and that these waves 
of development occur throughout the cycle [96]. Therefore, follicular stimulation 
can be initiated in any phase of the menstrual cycle. This observation enables physi-
cian to shorten the critical period to ovum pick-up, preventing a delay in chemo-
therapy start time.
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10.9.3  Prevention of OHSS

The findings observed in breast cancer patients undergoing ovarian stimulation may 
contribute to development of new management strategies to prevent OHSS. Whether 
LTZ might reduce the risk of OHSS by reducing oestrogen levels is controversial 
[76]. A study in a rat model of OHSS demonstrated that LTZ reduced vascular endo-
thelial growth factor (VEGF) and increased pigment epithelium derived factor 
(PEDF) with reduced vascular permeability [97]. A recent clinical study demon-
strated a dose dependent decrease in the levels of VEGF with increasing doses of 
LTZ administered in the luteal phase [78]. These findings suggest that LTZ could 
decrease the risk of OHSS although it is not clear if LTZ has a direct effect on VEGF 
and PEDF secretion or an indirect effect through a reduction in oestradiol.

 Conclusion
Recent level one evidence now points to LTZ as the first line treatment for ovula-
tion induction in women with PCOS. The absence of anti-oestrogenic effects on 
the endometrium and cervix and the maintenance of normal oestrogen feedback 
on FSH release resulting in mainly monofollicular ovulation suggest that LTZ 
may be safer than CC for use by community gynaecologists without ready access 
to ultrasound monitoring. However, a case report of a sextuplet pregnancy after 
the use of LTZ alone in a PCOS patient [75] points to the need for at least mini-
mal monitoring when any method of ovulation induction is considered. In unex-
plained infertility, CC and LTZ appear to have similar pregnancy rates, although 
the long half-life of CC raises concerns about persistence of the SERM during 
early pregnancy and the possible association with foetal teratogenicity, specifi-
cally cardiac anomalies. From that viewpoint alone, LTZ may be a preferred 
choice for management of unexplained infertility as well.
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11Insulin-Sensitising Drugs

Stefano Palomba, Angela Falbo,  
and Giovanni Battista La Sala

11.1  Introduction

Metformin (1,1-dimethylbuguanidehydrochloride) is a biguanide currently used as 
an oral antihyperglycemic agent approved by the US Food and Drug Administration 
(USFDA) to treat type 2 diabetes mellitus (DM) and the insulin-sensitising drug 
(ISD) most extensively studied in the treatment of infertility in women with poly-
cystic ovary syndrome (PCOS). In fact, about 90% of the papers on ISDs used in 
PCOS management concern the metformin. To this regard, given the varied risk-
benefit ratio of other ISDs, there is insufficient evidence to recommend the use of 
other ISDs such as thiazolidinediones, d-chiro-inositol and myo-inositol in the 
treatment of anovulatory PCOS (see also Chap. 16), and metformin remains the 
main ISD in the management of infertility in PCOS. Thus, our focus will be on 
metformin in the treatment of infertility associated with PCOS.

In 1994, Velasquez et al. [1] first evaluated the effects of metformin administration in 
26 obese anovulatory PCOS patients, relying on the role of insulin resistance in the 
pathogenesis of PCOS. After 6 months of 1500 mg/d of metformin, they reported a 
reduction in androgen levels and body weight, and a restoration of regular ovulatory 
cycles in these patients [1]. During the years, the drug has been extensively studied, and, 
to date, it is widely used by gynaecologists and endocrinologists for the treatment of 
ovulatory disorders in women with PCOS as off-label drug [2] because neither in Europe 
nor in the United States (US) metformin is approved for the treatment of PCOS patients.
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This chapter will describe the general pharmacology, regimes and side effects of 
the administration of metformin and its specific uses for managing infertile women 
with PCOS.

11.2  Pharmacology

11.2.1  Pharmacokinetics

Pharmacokinetics pathway of metformin is attributable to a two-compartment open 
model with first-order absorption [3, 4]. Specifically, metformin has an incomplete 
gastrointestinal absorption ranging from 20% to 30% [3, 4]. Absorption is dose 
dependent, it is complete within 6 h from administration and is slower than the 
elimination, determining the drug’s disposal rate [3, 4]. The bioavailability of met-
formin is limited to 50–60% because the amount available may result from pre- 
systemic clearance or binding to the intestinal wall [3, 4].

After the absorption of 1.5 g of metformin, a linear pharmacokinetics of metfor-
min was reported in both diabetic and nondiabetic subjects [3, 4]. Once absorbed, it 
is rapidly accumulated in the oesophagus, stomach, duodenum, salivary glands and 
kidneys. It is transported by at least two organic cation transporters (OCTs), OCT1 
and OCT2, which are saturable and genetically influenced by polymorphisms [3, 4], 
and is not metabolised but is excreted by the kidney with a mean 4- to 8-h half-life 
in healthy volunteers [3, 4]. Ranges of values for kidney and total clearance are 
reported to be 20.1–36.9 and 26.5–42.4 L/h, respectively [3, 4].

Metformin freely passes the placenta by an OCT bidirectionally, with a higher 
transfer rate from the foetal to the maternal compartment [3, 4], resulting in the 
exposure of the foetus to metformin therapeutic concentrations [3, 4]. Furthermore, 
no effect on human placental glucose uptake or transport has been demonstrated [5]. 
The concentrations of metformin in breast milk are generally low.

Type 2 DM and different oral preparations have no effect on metformin disposi-
tion [3, 4]. On the contrary, the food and several compounds, such as guar gum, 
glucosidase inhibitor acarbose and histamine H2-receptor antagonist cimetidine, 
significantly influence metformin pharmacokinetics. Excretion is prolonged in 
patients with renal impairment and correlates with creatinine clearance [3, 4].

11.2.2  Pharmacodynamics

Several data regarding metformin’s pharmacodynamics were obtained in patients 
with type 2 DM, and they could be translated in PCOS patients. Metformin is an 
antihyperglycemic agent which improves glucose tolerance in patients with type 2 
DM, lowering both basal and postprandial plasma glucose. Its pharmacologic 
mechanism of action is different from other classes of oral antihyperglycemic 
agents.
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Metformin decreases hepatic glucose production by 9–30% in patients with type 
2 DM [4, 6]. Experimental studies [7] evaluating glucose production from 
collagenase- isolated hepatocytes of starved rats demonstrated that metformin poten-
tiates the antigluconeogenic effect of insulin by enhancing the suppression of glu-
coneogenesis and by reducing the glucagon-stimulating gluconeogenesis. However, 
the nature of the mechanism of metformin action on hepatic glucose production 
remains unclear. Data from in vitro studies suggest several effects of metformin on 
the reduction of hepatic gluconeogenesis through short- (metabolic) and long-term 
(gene expression) effects [4]. In addition, metformin decreases intestinal absorption 
of glucose and decreases free fatty acid (FFA) oxidation, contributing in reducing 
gluconeogenesis [4, 8]. An accelerated FFA oxidation promotes hepatic gluconeo-
genesis by providing acetyl-coenzyme A, adenosine-5-triphosphate (ATP) and a 
reduction in equivalents [4, 8] and reduces glucose utilisation in peripheral tissues 
secondarily to an inhibition of pyruvate dehydrogenase activity [4, 8]. On the other 
hand, the decreased FFA oxidation due to metformin treatment [4, 8] decreases 
hepatic gluconeogenesis and increases glucose uptake and oxidation in skeletal 
muscle [4, 8], improving insulin sensitivity.

Metformin improves insulin sensitivity by increasing peripheral glucose uptake 
and utilisation. Studies on human muscle cell cultures [9] and rat adipocytes [10] 
demonstrated that metformin increases glucose uptake through the glucose trans-
port system. In fact, it facilitates the translocation of glucose transporters (GLUTs) 
from intracellular sites to the plasma membrane. This mechanism has been demon-
strated also in PCOS women [4, 9]. Experimental data demonstrate also that metfor-
min activate the 5-AMP-activated protein kinase (AMPK) pathway [11–13]. AMPK 
is a pleiotropic serine/threonine kinase that acts as a fuel gauge in regulating energy 
metabolism, especially under stress conditions where biosynthetic pathways are 
blocked by phosphorylation of downstream AMPK substrates. In particular, AMPK 
activation restores cellular adenosine-5-triphosphate (ATP) level by switching on 
the catabolic pathway and switching off catabolic pathways [11–13]. Finally, to 
support the hypothesis on long-term clinical effects of metformin, in vitro experi-
ments on cultured starved rat hepatocytes indicated that metformin can regulate the 
expression of specific genes encoding regulatory proteins of the phosphoenolpyru-
vate/pyruvate cycle in an insulin-independent manner [4].

In obese women with PCOS, metformin reduces the fasting and glucose- 
stimulated insulin levels and decreases ovarian cytochrome P450c17 activity, reduc-
ing the serum-free testosterone concentration [14]. These results were also confirmed 
in lean PCOS patients [15]. The reduction in insulin levels after metformin treat-
ment in PCOS patients is associated with an increase in insulin growth factor (IGF)-
binding protein (BP)-1 and a decrease in the IGF-I/IGFBP-1 ratio. IGF-I stimulates 
oestrogen production by granulosa cells [16] and acts synergistically with follicle- 
stimulating hormone (FSH) and luteinising hormone (LH) in controlling granulosa 
cell aromatase levels. Thus, by reducing plasma insulin levels and IGF-I availability 
to the ovaries, metformin may modify the hyperandrogenic intrafollicular milieu 
recognised in PCOS.
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Moreover, metformin may inhibit ovarian gluconeogenesis through a direct effect, 
thus reducing ovarian steroidogenesis, specifically, androgen production [14]. 
Similarly, metformin has a possible inhibiting effect on adrenal androgen production, 
too. On the other hand, the effect of metformin on hyperandrogenism could also be 
due to a direct effect of metformin on LH secretion. In particular, metformin modu-
lates LH secretion, decreasing LH pulse amplitude but not pulse frequency [4]. This 
effect seems to be mediated by AMPK pathway at the hypothalamic level. In fact, in 
rat model, metformin increases the AMPK activation by phosphorylation at Thr172 in 
GnRH neurones, and, thus, the modulation of gonadotrophin-releasing hormone 
(GnRH) releases [4]. Lastly, some metabolic hormones, such as adipokines (leptin, 
resistin, adiponectin) and ghrelin, which are involved in the control of the reproduc-
tive functions at the hypothalamus-pituitary-gonadal axis level and of several pro-
cesses of tumour genesis, might act through AMPK signalling [4].

11.3  Regimens

Therapeutic regimens of metformin administration are not well standardised in clin-
ical practice, and heterogeneous protocols were used in the various studies available 
in literature.

Metformin is available as oral caps, in two formulations, i.e. immediate release 
and extended release. Metformin at immediate release is available as 500-, 850- and 
1000-mg tablets, while metformin at extended release is available as 1000- and 
2000-mg tablets.

The dose of metformin used in clinical practice ranges from 1500 to 2550 mg/d. 
Although a dose-finding study [17] showed that 2000 mg/d of metformin had maxi-
mal benefit in lowering plasma glucose and glycated haemoglobin in patients with 
DM, no well-done dose-finding study is to date available for PCOS women, proba-
bly because of the complexity of clinical endpoints.

To minimise the gastrointestinal drug-related adverse effects, it has been sug-
gested to assume metformin on an empty stomach, starting with a low dosage and 
gradually increasing over a period of 4–6 weeks. Classically, it was suggested to 
take immediate-release metformin initially at a low dose at meals, beginning with 
500 mg at dinner for 3–4 days, and then increasing by 500 mg every 3–4 days up to 
a maximal dosage of 1000 mg twice daily [18, 19]. Extended-release metformin is 
usually taken with the evening meal, and the only suggestion to minimise potential 
adverse effects is to divide the tablets into two administrations.

Almost all published studies including PCOS patients used metformin in 
immediate- release preparation; however, no clear data regarding the correct formu-
lation of metformin in infertile PCOS patients is to date available. Moreover, several 
studies regarding metformin for ovulation induction in PCOS infertile patients used 
1500–1700 mg/d, which could be a suboptimal dosage. Furthermore, several vari-
ables should be studied to set the optimal dose of metformin. For example, recent 
data suggest that metformin is more effective in insulin-resistant PCOS patients 
with low body mass index (BMI), thus metformin dose should probably be adjusted 
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according to the patient’s BMI and insulin resistance [20]. Unfortunately, no model 
is currently validated to calculate the right dose according to these characteristics.

Finally, also the length of metformin treatment in PCOS patients is not stan-
dardised. In fact, it is still unknown whether metformin administration should be 
considered as a symptomatic treatment or as a curative therapy, consecutively; it is 
not clear for how long metformin should be administrated and how long metformin 
effects are maintained after its suspension. At a metabolic level, our previous data 
[21] on a non-insulin-resistant PCOS population showed that treatment suspension 
is related to a quick reversion of its beneficial effect on peripheral insulin sensitivity. 
Conversely, a slight but significant worsening of the insulin resistance, hyperan-
drogenism, and menstrual cyclicity can be observed after metformin suspension.

From a clinical point of view and based on our clinical experience, we suggest 
that metformin should be administered in a slow and increasing manner up to a 
maximal tolerated dosage [20].

11.4  Drug Safety

The safety profile of metformin is well known. In fact, metformin is used worldwide 
to treat type 2 DM, and, during the last years, it has been used on women with 
PCOS.

Metformin is generally a well-tolerated drug. A meta-analysis comparing 
 metformin, clomiphene citrate (CC) or both for anovulatory infertility in therapy-
naïve PCOS women [22] showed a similar effect on the discontinuation rate for 
adverse events [odds ratio (OR) 0.71, 95% confidence interval (CI) 0.22–2.25] with 
homogeneous data [22]. On the other hand, no significant effect of metformin on 
discontinuation rate for adverse events (OR 0.23, 95%CI 0.04–1.24) was observed 
when studies comparing the combination of metformin plus CC vs. CC alone were 
pooled, even if a significant heterogeneity was detected [22].

Gastrointestinal symptoms are the most frequent drug-related adverse events 
occurring in about 30% of patients taking metformin, limiting the compliance to 
treatment. A significant increase of nausea, vomiting and gastrointestinal distress 
was reported in women with PCOS under metformin.

Meta-analytic data [22] regarding metformin side effects from studies using met-
formin at immediate-release formulation with a treatment duration ranging from 6 
weeks [23] to 12 week or more [24–26] reported a significantly higher incidence of 
nausea or vomiting (OR 3.84, 95%CI 1.07–13.81) and other gastrointestinal distur-
bances (OR 4.40, 95%CI 1.82–10.66). Further randomised controlled studies 
(RCTs) reported a rate of adverse events ranging from 7.9% [27] to 22.2% [28] by 
using metformin at immediate release.

The rate of gastrointestinal side effects seems to be lower with the use of the 
extended-release formulation [29], but clear data are still unknown because the 
studies in which this kind of formulation is used are very few.

Serious adverse events of metformin treatment are rare. Metformin toxicity is 
manifested at a concentration of 100 g/mL or higher, but in vivo data showed plasma 
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levels of metformin less than 5 g/mL, even at maximum dosage. Lactic acidosis is a 
rare but severe complication of metformin administration reported in 5.1 cases per 
100,000 patient-years, with a mortality of 50% [30]. In almost all cases, lactic acido-
sis was reported in patients who received metformin due to type 2 DM, whereas no 
case of lactic acidosis in women receiving metformin for PCOS was currently 
described. This risk increases in patients with hepatic or renal impairment, cardiac or 
respiratory insufficiency, severe infection or alcoholism, conditions that are, in them-
selves, associated with hypoxia and lactic acidosis [31, 32]. Further very rare serious 
side effects were described under metformin administration, never in PCOS patients.

Pregnancy outcomes in PCOS patients receiving metformin during pregnancy 
were studied [33, 34]. To date, metformin is still found in the B classification for US 
Food Drug Administration (FDA) pregnancy category, i.e. no teratogenic effect was 
demonstrated in animal models, but human safety studies are not adequate. However, 
a wide clinical trial confirmed that metformin alone or with insulin addition was as 
safe as insulin alone in patients with gestational DM [35]. No teratogenic effects or 
adverse foetal outcomes were actually reported from metformin in pregnant women 
with type 2 DM or gestational DM [36], even if treatment started after pregnancy had 
begun. Two meta-analyses on metformin safety did not find any evidence for adverse 
pregnancy outcome in women undergoing treatment with metformin [37, 38].

Preliminary data on the use of metformin during pregnancy in patients with PCOS 
confirmed the safety profile of metformin [39]. Despite these safety data, in clinical 
practice, metformin is usually discontinued during pregnancy in women with PCOS 
who conceived while receiving the drug.

11.5  Patients Selection

Several studies [4] demonstrate that metformin beneficial effects vary according to 
the clinical characteristics of the patients. Thus, the personalisation of therapy with 
a right selection of the patients could be a key point to optimise the metformin’s 
therapy, improving its efficacy and its safety profile [40]. However, this principle 
becomes much more complex when applied to women with PCOS due to the het-
erogeneity of the clinical presentation of the syndrome.

To date, even if the use of metformin to treat ovulatory disorders in PCOS women 
is widespread, few guidelines regarding the selection of patients are available. In 
particular, the Androgen Excess and PCOS Society (AEPS) [41] suggests that met-
formin could be used to treat and to prevent progression to impaired glucose toler-
ance (IGT) in PCOS patients, and the American Association of Clinical 
Endocrinologists [42] recommends metformin as an initial intervention in over-
weight and obese patients with PCOS.

At the moment, the European Society of Human Reproduction and Embryology 
(ESHRE)/American Society of Reproductive Medicine (ASRM)-sponsored PCOS 
Consensus Workshop Group [43] concluded that ISDs should not be used as first 
choice agents in ovulation induction of women with PCOS, but they should be 
restricted to those patients with IGT.
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11.6  Efficacy Data

11.6.1  Metformin Administration to Prevent an Infertility 
Diagnosis

From the 1990s until now, several studies that evaluate the efficacy of metformin on 
menstrual/ovulatory disorders in women with PCOS, before a definite diagnosis of 
infertility, have been published.

Several systematic reviews with meta-analysis [44–49] are available about this 
issue, and unanimous conclusions have been drawn. In particular, metformin mono-
therapy represents a safe and valid therapeutic option for the improvement of ovula-
tion in PCOS patients [44–49]. Metformin is more effective than placebo or no 
treatment in the restoration of normal menstrual cycles and in inducing ovulatory 
cycles in oligomenorrheic PCOS patients (OR 3.88, 95%CI 2.25–6.69; [45], and OR 
1.50, 95%CI 1.13–1.99 [45]). However, no benefit from metformin administration 
was found in terms of pregnancies (OR 2.76, 95%CI 0.85–8.98 [44], and OR 1.07, 
95%CI 0.20–5.74 [45]), clinical pregnancies (OR 3.3, 95%CI 0.92–11) [48] and live 
births (OR 1.00, 95%CI 0.13–7.79 [45]). A more recent meta-analysis of RCTs [49] 
confirmed the beneficial effects of metformin on metformin over placebo on ovula-
tion rate (OR 2.94, 95%CI 1.43–6.02), whereas any effect on pregnancy (OR 1.56, 
95%CI 0.74–3.33) or live births (OR 0.44, 95%CI, 0.03–5.88) was reported.

11.6.2  Metformin Administration as First-Line Treatment 
in Anovulatory Infertility

Several studies aimed to define the role of metformin as first-line drug for anovula-
tory infertility in PCOS patients were published. Most of them compared metfor-
min, alone or in combination to CC (see also Chap. 9).

Meta-analyses [22, 48, 50–52] available on this issue show contrasting data prob-
ably due to the great heterogeneity in the protocols used and in the populations stud-
ied. First meta-analytic data [48] evaluating the efficacy of metformin, CC or both 
drugs in therapy-naïve PCOS patients demonstrated no significant benefit from met-
formin administration over CC as first-line therapy in PCOS patients in terms of 
clinical pregnancy (OR 0.88, 95%CI 0.19–4.1) and live birth (OR 0.96, 95%CI 0.11–
8.2) rates. Furthermore, these results were biased from many factors, i.e. the metfor-
min exposure as pretreatment and the use of a fixed model for analysing heterogeneous 
data [53]. Successively, a systematic review with meta-analysis [22], including four 
well-selected head-to-head randomised controlled studies (RCTs) [27, 28, 54, 55], 
was published to clarify the efficacy of CC and metformin, alone or in combination, 
as a first-step approach in treating anovulatory infertility in PCOS patients [22]. 
Interestingly, the heterogeneity among the studies included in the analysis was con-
firmed. Thus, the use of random model demonstrated no significant difference 
between metformin and CC in terms of live birth (OR 1.17, 95%CI 0.16–8.61), preg-
nancy (OR 1.22, 95%CI 0.23–6.55) and ovulation (OR 1.55, 95%CI 0.77–5.99) rates 
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[22]. The lack of difference in live birth (OR 0.83, 95%CI 0.22–3.24) and pregnancy 
(OR 0.91, 95%CI 0.35–2.35) rates was also detected by Johnson [50]. In that meta-
analysis were included only data from nonobese patients with PCOS, considering 
that in New Zealand, as well as in other states, obese patients are unable to access 
assisted conception [50].

In order to avoid heterogeneous results, Tang et al. [56] evaluated the effect of 
metformin administration in therapy-naïve infertile patients with PCOS with a 
meta-analysis subgrouping studies according to obesity/nonobesity. Data from two, 
five and four RCTs for the evaluation of the pooled live birth, pregnancy and ovula-
tion rates, respectively, were analysed. In nonobese patients, still a high heterogene-
ity was detected regarding the effect of metformin (compared with CC) on live birth 
with a risk between two RCTs ranging from an OR of 4.94 (95%CI 1.99–12.26) to 
an OR of 0.34 (95%CI 0.13–0.91) [56]. In obese patients, a significant benefit of CC 
over metformin was observed in terms of live birth rate (OR 0.30, 95%CI 0.17–
0.52). Data on the clinical pregnancy rates under metformin resulted higher (OR 
1.94, 95%CI 1.19–3.16) and lower (OR 0.34, 95%CI 0.21–0.55) than CC, respec-
tively, in nonobese and obese patients [56]. The ovulation rate resulted not different 
between metformin and CC in nonobese patients (OR 0.87, 95%CI 0.60–1.26), 
whereas it was better under CC in obese subjects (OR 0.43, 95%CI 0.36–0.51) [56].

Even if Siebert et al. [51] confirmed that metformin is related to a significantly 
lower live birth rate when compared with CC (OR 0.48, 95%CI 0.31–0.73) after the 
data synthesis of 14 prospective studies, a further systematic review and meta- 
analysis [52] demonstrated no difference between metformin and CC in terms of 
ovulation, pregnancy, live birth, miscarriage and multiple pregnancy rates when the 
analysis was restricted to women with PCOS and a BMI lower than 32 kg/m2 [52]. 
Moreover, the authors concluded that a lack of superiority of one treatment should 
not be considered as evidence for equivalence, thus caution should be exercised 
when prescribing metformin as first-line pharmacological therapy in nonobese 
PCOS women.

In conclusion, owing to the lack of evidence, metformin should not be considered 
as primary treatment for PCOS-related infertility, and methodologically rigorous tri-
als are required to determine whether there is a difference in effectiveness between 
metformin and placebo (or no treatment) or between metformin and CC [57].

Considering the insulin-sensitising action of metformin, several authors hypoth-
esised that the addition of metformin to CC could improve the efficacy of CC alone 
in therapy-naïve infertile PCOS patients. In the meta-analysis by Moll et al. [48] on 
seven RCTs comparing the combination CC and metformin with CC, a significantly 
higher clinical pregnancy rate (OR 1.9, 95% CI 1.2–3.3) was observed in patients 
treated with metformin plus CC compared with those treated with CC alone, 
although a significant heterogeneity in treatment effect across the trials included in 
the meta-analysis was reported. Furthermore, no significant benefit on the live birth 
rate of the combined therapy (OR 1.0, 95%CI 0.82–1.3), and no significant hetero-
geneity in treatment effect were reported [48].

By using stricter criteria and updating of data found in literature, three head-to- 
head RCTs [28, 54, 55] comparing reproductive efficacy of metformin plus CC 
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combination vs. CC monotherapy in therapy-naïve PCOS patients were available. 
After meta-analysis [22] of these three studies, metformin plus CC combination was 
shown to be no more effective than CC in terms of ovulation (OR 0.84, 95%CI 
0.60–1.18), pregnancy (OR 0.85, 95%CI 0.62–1.15) and live birth (OR 0.99, 95%CI 
0.70–1.40) rates. Of note, no significant heterogeneity was detected for all three 
parameters. However, a further meta-analysis [49] showed a significant benefit of 
metformin when added to CC in CC-naïve PCOS patients on clinical pregnancy 
(RR 1.70, 95%CI 0.99–2.94) and ovulation (RR 3.84, 95%CI 1.38–10.68) rates, 
whereas no data on live birth rate was provided. More recently, Siebert et al. [51] 
published a further meta-analysis aimed to evaluate the efficacy of metformin plus 
CC treatment in CC-naïve patients including 14 prospective clinical trials. 
Metformin plus CC increased ovulation (OR 1.6, 95%CI 1.2–2.1) and pregnancy 
(OR 1.3, 95%CI 1.0–1.6) rates, but no effect on live birth rate (OR 1.1, 95%CI 
0.8–1.5) was detected [51].

An interesting multicentre double-blind placebo-controlled RCT [58] was recently 
published in order to assess the efficacy of several strategies for PCOS- related anovu-
latory infertility [58]. In particular, 320 women with PCOS and anovulatory infertility 
were randomised to metformin or placebo; after 3 months of treatment, another appro-
priate infertility drug was combined if necessary. Metformin improved pregnancy 
(53.6 vs. 40.4%) and live birth rates (41.9 vs. 28.8%) rates. Moreover, cox regression 
analysis showed that metformin plus standard infertility treatment increased the 
chance of pregnancy 1.6 times (hazard rate 1.6, 95%CI 1.13–2.27) [58].

In conclusion, on the basis of actual evidences from the literature, in anovulatory 
infertile therapy-naïve PCOS patients, the combined approach of metformin plus 
CC is not better than CC alone, and the quality of life in women with PCOS treated 
with CC plus metformin was even significantly lower than in women treated with 
CC plus placebo [59]. Moreover, there are insufficient data to determine the optimal 
duration of pretreatment with metformin before the initiation of CC for ovulation 
induction in infertile women with PCOS [60]. On the other hand, the choice between 
CC and metformin as first-step treatment should be drawn considering also contin-
gent circumstances because of the lack of clear evidence.

11.6.3  Metformin Administration as Second-Line Treatment  
and/or in CC-Resistant Patients

Several studies evaluated the efficacy of metformin as second-line approach in the 
treatment of anovulatory infertility in PCOS patients. In particular, metformin was 
used as single agent (treatment), combined agent (co-treatment) and/or before other 
treatments (pretreatment).

11.6.3.1  Metformin Treatment
Few studies [24, 61, 62] addressed the potential role of metformin as a single agent 
in CC-resistant patients. The first study [24] on 20 infertile CC-resistant patients 
showed no benefit of metformin over placebo in terms of ovulation, pregnancy and 
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live birth rates. A successive RCT [61] compared metformin as single treatment 
with laparoscopic ovarian diathermy (LOD) in 120 CC-resistant PCOS patients. No 
difference between metformin and LOD was found in the ovulation rate (54.8 vs. 
53.2%, respectively), whereas metformin was more effective than LOD in terms of 
pregnancy (21.8 vs. 13.4%, respectively) and live birth (86.0 vs. 64.5%) rates. 
Finally, metformin was about 20-fold less expensive than LOD [61]. A successive 
meta-analysis [48] confirmed the beneficial effects of metformin over LOD in live 
birth rate (OR 1.6, 95%CI 1.1–2.5), whereas no evidence of difference in clinical 
pregnancy rate (OR 1.3, 95%CI 0.96–1.7) was obtained.

11.6.3.2  Metformin Co-treatment
The potential effects of metformin as second-line treatment and/or in CC-resistant 
patients were assessed in PCOS patients receiving other treatments, i.e. CC, aroma-
tase inhibitors and surgical ovulation induction. For more details, please see also 
Chaps. 9, 10, and 15, respectively.

With regard to metformin-CC co-treatment, two meta-analyses [45, 46] agreed 
in demonstrating a significant benefit of metformin co-administration in compari-
son with CC alone, even if a significant heterogeneity was observed between stud-
ies. In particular, in CC-resistant PCOS women, metformin-CC co-treatment was 
more effective than CC alone in terms of ovulation (OR 4.41, 95%CI 2.37–8.22 
[44], and OR 3.04, 95%CI 1.77–5.24 [45]) and pregnancy (OR 4.40, 95%CI 1.96–
9.85 [44], and OR 3.65, 95%CI 1.11–11.99 [45]) rates.

A successive meta-analysis [47], designed to assess metformin co- administration 
as a second-step approach for CC-resistant PCOS patients, confirmed the beneficial 
effect of metformin addition to CC than CC alone in inducing ovulation (OR 6.82, 
95%CI 3.59–12.96), even if a significant heterogeneity was demonstrated across 
studies, whereas no data were provided regarding its effect on pregnancy and live 
birth rates. Successively, data on the effect of metformin-CC co-administration 
were provided by Moll et al. [48] in a meta-analysis of RCTs, demonstrating the 
superiority of the combined therapy than CC alone in terms of clinical pregnancy 
(OR 5.6, 95%CI 2.3–13) and live birth (OR 6.4, 95%CI, 1.2–34; P = 0.03) rates 
without significant heterogeneity in treatment effect across trials.

More recently, a meta-analysis of selected placebo-controlled RCTs [49] 
showed higher ovulation (OR, 4.39; 95%CI, 1.94–9.96) and pregnancy (OR, 2.67; 
95%CI, 1.45–4.94) rates in PCOS patients receiving CC, even if heterogeneity 
across studies were detected. On the contrary, metformin did not have any effect on 
live births (OR, 1.74; 95%CI, 0.79–3.86), and no significant heterogeneity was 
observed. Moreover, the sub-analysis of data according to CC resistance, obesity 
and duration of treatment showed that metformin is more effective than placebo in 
PCOS patients treated for short periods and not CC resistant, whereas the benefits 
of metformin- CC combination vs. CC were significantly higher in CC-resistant 
and obese PCOS patients [49]. Finally, new data [63, 64] confirm that the clinical 
pregnancy rate is improved when adding metformin to CC in women with CC 
resistance, in both obese and nonobese patients (OR 1.59, 95%CI 1.25–2.02), 
although the addition of metformin to CC did not improve live birth rates (OR 
1.21, 95%CI 0.91–1.61).
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The crucial point to be considered in data regarding metformin-CC combination 
is the length of metformin administration. In fact, by a physiological point of view, 
the effectiveness of metformin should be optimal after at least 3 months of its 
administration, whereas short-course metformin could be a suboptimal pretreat-
ment period before beginning CC [65]. Unfortunately, to the present, there are 
insufficient data to determine whether long-course metformin pretreatment, before 
the initiation of CC for ovulatory infertility treatment, is more effective than short- 
course pretreatment [66].

Metformin-CC co-treatment was demonstrated to be more effective also than 
surgical ovulation induction by LOD in CC-resistant PCOS patients with anovula-
tory infertility [67]. In particular, metformin plus CC association was related to 
higher ovulation rates than LOD, even if no difference in the rates of pregnancies, 
live births and miscarriages were detected between two approaches [67]. In one trial 
[62], 42 CC-resistant PCOS patients were randomised to LOD followed by metfor-
min or LOD alone. Metformin addition to LOD resulted more effective in terms of 
ovulations (86.1 vs. 44.6%) and pregnancies (47.6 vs. 19.1%). Furthermore, a suc-
cessive meta-analysis [48] demonstrated no significant benefit in clinical pregnancy 
rate (OR 2.3, 95%CI 0.82–6.2) or live birth rate (OR 1.3, 95%CI 0.39–4.0) for the 
metformin administration after LOD.

The combination of metformin plus letrozole, the most studied aromatase inhibi-
tor for ovulation induction in PCOS patients, vs. metformin plus CC in CC-resistant 
PCOS patients was evaluated in a RCT [68]. Serum oestradiol (E2) levels and E2 
levels per mature follicle were significantly higher in CC patients without differ-
ences in mature follicles, ovulation and pregnancy rates [68]. However, endometrial 
thickness and full-term pregnancies were significantly higher in patients treated 
with metformin plus letrozole [68].

11.6.3.3  Metformin Pretreatment
Several RCTs [69–74] evaluated the efficacy of metformin pretreatment before CC 
in CC-resistant PCOS patients. Studies were very heterogeneous and were per-
formed on small populations. Data obtained are contrasting; however, most of them 
[69, 71, 72] seemed to suggest that metformin pretreatment improves the efficacy of 
CC in PCOS patients with CC resistance. These findings could be explained with 
the insulin-sensitising action of metformin that hypothetically facilitates the induc-
tion of ovulation by using CC in PCOS patients previously resistant to CC ovulation 
induction [75].

11.6.3.4  Metformin in Patients Who Receive Gonadotrophins
Metformin was also proposed in PCOS patients who received gonadotrophins for 
inducing mono-ovulatory cycles or multiple follicular development in in vitro fer-
tilisation (IVF) cycles (see also Chaps. 12 and 19). Although the exact mechanism 
by which metformin could exert its beneficial action during gonadotrophin stimula-
tion remains unknown, hypothetically, metformin could act on the regulation of 
ovarian response to exogenous gonadotrophins improving insulin resistance. In fact, 
a reduction in serum testosterone and insulin levels in follicular fluid was observed 
after metformin treatment [76]. Thus, the improvement of the hyperinsulinemic and 
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hyperandrogenic ovarian environment might be crucial for a normal folliculogene-
sis, homogeneous development and responsiveness of follicles and atresia of the 
small cohort of follicles.

Metformin in Patients Who Receive Gonadotrophins for Mono-ovulatory 
Cycles
The first meta-analysis regarding the effects of metformin in patients who 
received gonadotrophins for controlled ovarian stimulation (COS) was pub-
lished in 2006 by Costello et al. [77]. Metformin was not effective in improving 
clinical reproductive outcomes [77]. In particular, metformin did not improve 
ovulation (90% vs. 73.3%; OR 3.27, 95%CI 0.31–34.72) and pregnancy (28 
vs.10%; OR 3.46, 95%CI 0.98–12.2) rates during COS with gonadotrophins, 
whereas no RCT reporting live births was identified. On the other hand, by the 
meta-analysis of secondary endpoints, metformin seemed to improve the ovar-
ian responsiveness to gonadotrophins [77]. In fact, a significant reduction in the 
ovarian stimulation length [weighted mean duration (WMD) -4.14 days, 95%CI 
−6.36 to −1.93] and in the total dose of gonadotrophins used (WMD -425.05 IU, 
95%CI -507.08 to −343.03) was reported by using metformin, even if a signifi-
cant heterogeneity was found between pooled studies. Finally, no RCT report-
ing ovarian hyperstimulation syndrome (OHSS) as an outcome measure was 
identified [77].

Successively, two RCTs [78, 79] evaluating whether metformin changes ovar-
ian responsiveness in COS cycles were published. The first RCT [78] on 70 non-
obese insulin-resistant PCOS patients who received a low-dose step-up 
gonadotrophin stimulation protocol followed by timed intercourse or intrauterine 
insemination demonstrated a significant effect of metformin in increasing the rate 
of mono- ovulatory cycles and in reducing those of cancelled cycles. Furthermore, 
no effect of metformin pretreatment and co-administration was confirmed in ovu-
lation, cycle cancellation, pregnancy, abortion, live births, multiple pregnancies or 
OHSS. The second study [79] showed that metformin improved the endocrine 
profile in insulin- resistant PCOS patients receiving gonadotrophins in a step-up 
protocol and confirmed that it promoted the mono-follicular development during 
COS cycles.

Finally, a more recent meta-analysis [48] on four RCTs demonstrated a significantly 
higher clinical pregnancy rate when metformin was added to gonadotrophins than with 
gonadotrophins alone (OR 1.7, 95%CI 1.1–2.8), whereas no significant benefit on live 
birth rate was reported (OR 1.6, 95%CI 1.0–2.9). No heterogeneity in treatment effect 
across trials was reported for either pregnancy or live birth rate. In addition, metformin 
was demonstrated to be effective in reducing multiple pregnancies (OR 0.26, 95%CI 
0.07–0.96) but not OHSS (OR 0.59, 95%CI 0.17–2.1). The lack of an effect of metfor-
min on this endpoint was probably due to the low incidence of OHSS during ovarian 
stimulation with low-dose step-up gonadotrophin protocols [80].

In conclusion, in patients who received gonadotrophins as treatment for anovula-
tion, metformin addition reduces the duration of gonadotrophins administration and 
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the doses of gonadotrophins required and increases the rate of mono-ovulations, 
reducing the risk of cancelled cycles.

Metformin in Patients Who Receive Gonadotrophins in Multiple Ovulatory 
Cycles for IVF Procedures
On the basis of a retrospective evaluation utilising the results of a web-based sur-
vey [81], in clinical practice, metformin is used worldwide as an adjunct to stan-
dard IVF protocols, even if there is much variation in its use and the majority of 
centres report the lack of evidence supporting its use. On the other hand, data from 
the literature seem to be still inconclusive, suggesting that metformin do not 
improve the efficacy of gonadotrophins in IVF cycles. In particular, a meta-analy-
sis [82] on ten RCTs assessed the effects of metformin administration in infertile 
patients with PCOS who receive gonadotrophins for IVF and intracytoplasmic 
sperm injection (ICSI) cycles. Metformin had no clinical effect on rates of preg-
nancy (OR 1.20, 95%CI 0.90–1.61) or live birth (OR 1.69, 95%CI 0.85–3.34). 
However, it reduced the risk of OHSS (OR 0.27, 95%CI 0.16–0.46) and improved 
the rates of miscarriage (OR 0.50, 95%CI 0.30–0.83) and implantation (OR 1.42, 
95%CI 1.24–2.75) [82]. Finally, a more recent meta-analysis [82] confirmed that 
metformin did not affect live birth rate (OR 1.39, 95%CI 0.81–2.40) but signifi-
cantly reduced the OHSS incidence (OR 0.29, 95%CI 0.18–0.49). On the other 
hand, metformin significantly increased pregnancy rate (OR 1.52, 95%CI 1.07–
2.15) [82].

In conclusion, evidence from the literature agreed that in infertile patients 
with PCOS treated with gonadotrophins for IVF/ICSI cycles, metformin 
reduces the risk of OHSS, whereas data on live birth and pregnancy are still 
inconclusive. Further RCTs are needed to assess the reproductive effect of met-
formin in young well- selected patients with PCOS and specific phenotypes and 
features.

 Conclusion

Metformin is the most studied ISD in the treatment of infertility in PCOS women. 
However, its use is off-label. The knowledge regarding its effects and regimens 
of administration in PCOS patients is still incomplete, thus only weak recom-
mendations can be made.

Metformin could be used alone to improve ovulation rate and pregnancy rate 
in young women with PCOS who are anovulatory and are infertile with no other 
infertility factors. However, its efficacy in therapy-naïve infertile PCOS patients 
is lower than CC. Metformin-CC co-treatment could improve fertility outcomes 
in infertile CC-resistant patients with PCOS with no other infertility factors.

In patients who received gonadotrophins as treatment for anovulation, met-
formin addition reduces the duration of the treatment and the doses required and 
increases the rate of mono-ovulations, reducing the risk of cancelled cycles. On 
the other hand, in infertile patients with PCOS treated with gonadotrophins for 
IVF/ICSI cycles, metformin reduces the risk of OHSS.
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12Gonadotrophins

Sophie Christin-Maitre

12.1  Introduction

In women with polycystic ovary syndrome (PCOS), gonadotrophins are second-line 
pharmacological therapy of infertility, after clomiphene citrate (CC) or aromatase 
inhibitors (AIs) (see also Chaps. 9 and 10). Indeed, according to the workshop 
endorsed by the European Society for Human Reproduction and Embryology 
(ESHRE) and the American Society for Reproductive Medicine (ASRM), held in 
Thessaloniki, in Greece, gonadotrophins should be proposed to CC-resistant 
patients [1]. Recently, the development of a global World Health Organization 
(WHO) guidance in the management of anovulatory infertility in women with 
PCOS has been suggested [2].

Human gonadotrophins have been used in the treatment of infertility, since the 
late 1960s. The main issue of this treatment is to produce a single ovulation and a 
healthy term single fetus, avoiding ovarian hyperstimulation syndrome (OHSS) and 
multiple pregnancies. After a brief presentation of follicle-stimulating hormone 
(FSH) and luteinising hormone (LH), this chapter will describe their respective 
roles in human ovarian physiology, the rationale for using gonadotrophins, and the 
different types of gonadotrophins available nowadays and will then discuss the use 
of gonadotrophins in mono-ovulation induction in PCOS women.
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12.2  The Role of Gonadotrophins in Human Physiology

FSH and LH are heterodimeric hormones, synthesised by the pituitary, in a pulsatile 
manner, under the control of hypothalamic gonadotrophin-releasing hormone 
(GnRH). Those glycoproteins consist of two different subunits, a common α subunit 
(92 amino acids) and a β-specific subunit (Fig. 12.1). In humans, βFSH and βLH 
contain 111 and 115 amino acids, respectively. Both α and β subunits are non- 
convalently linked. FSH and LH are glycosylated proteins, as α and β subunits each 
contain two N-linked carbohydrate groups. The type and size of sugars attached 
may vary, depending mainly on the amount of sialic acid. At least 20 different types 
of FSH have been identified in human pituitary; they are called isoforms [3]. The 
rate of acidic isoforms in the serum is the lowest during the preovulatory and ovula-
tory phase. The basic isoforms are secreted before ovulation. Bioactivity of FSH 
and LH isoforms has been studied in vivo as well as in vitro, using bioassays [4]. 
When FSH activity is measured in vitro, acidic isoforms of FSH have a lower activ-
ity than the more basic isoforms. In contrast, when the activity is measured in vivo, 
the acidic isoforms of FSH have a higher activity than the basic isoforms. Acidic 
isoforms have a longer half-life as compared to the basic preparations. The respec-
tive role of each isoform has not been totally elucidated.
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Free α and β subunits when they are not associated are not recognised by gonado-
trophin receptors and therefore are not biologically active. Depending on the amount 
of sialic acid attached on the carbohydrate groups, the half-lives of each gonadotro-
phin differ. The half-lives of FSH and LH are 5 h and 1 h, respectively [5].

In physiology, during the menstrual cycle, FSH rises during the luteo-follicular 
transition and progressively increases during the follicular phase. A major role of 
FSH is to induce follicular recruitment and follicular maturation [6]. Indeed, defects 
in folliculogenesis have been described in few patients presenting loss-of-function 
mutations of FSH or its receptor. Their follicles are blocked at the early preantral 
stage and are not able to achieve complete follicular maturation up to the preovula-
tory stage. Those rare patients illustrate the fact that during folliculogenesis, the first 
stages of follicular maturation are FSH independent and the last steps, up to the 
preovulatory stage, are FSH dependent.

At the beginning of each menstrual cycle, a growing cohort of 5–8 small follicles 
is present. However, in humans, only one follicle is selected and reaches the preovu-
latory stage. The idea of a threshold of FSH has been suggested in 1978 [7]. Above 
this threshold, a follicle leaves the cohort of growing follicles. A 10–30% increase 
of FSH above the threshold induces final follicle maturation. As each follicle has a 
different threshold of FSH, the concept of follicular asynchrony has risen.

Within the ovarian follicle, FSH binds to its receptors, mainly localised on the 
membrane of granulosa cells. FSH receptors (FSHR) belong to the G protein- 
coupled family of receptors. LH binds to its receptors localised on the membrane of 
theca cells. According to the “two cell-two gonadotrophins” theory, LH, after bind-
ing to its receptor, in theca cells, increases androgen production, mainly androstene-
dione [8]. Androgens cross the basal membrane of the follicle and reach granulosa 
cells (Fig. 12.2). In the dominant follicle, they are aromatised to oestradiol (E2), 
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Fig. 12.2 Two cell-two gonadotrophin theory: thecal and granulosa cells; LH and FSH. LH binds 
to its receptor, located on thecal cell membrane, inducing the production of androstenedione. This 
androgen is then transferred to granulosa cells. After the binding of FSH on its receptor, located on 
the membrane of granulosa cells, androstenedione is aromatised to oestradiol
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under the control of FSH. The progressive rise of E2 during the follicular phase in 
human exerts at first a negative feedback on FSH. Therefore, the most sensitive fol-
licles to FSH continue their maturation up to the preovulatory stage [9]. On the 
other hand, the 4–5 remaining follicles of the growing cohort that are less sensitive 
to FSH undergo apoptosis. This process represents the basis of follicular dominance 
and explains the monofollicular development in human physiology. On the contrary, 
in other species, such as the rabbit, there is no decrease of FSH at the end of the 
follicular phase. Therefore, multifollicular development occurs and spontaneous 
multiple gestations. This progressive rise and decrease of FSH has been named the 
“FSH window”. David Baird first suggested that the rise of FSH during the luteo- 
follicular phase could represent the opening of the window [10]. The decrease of 
FSH at the end of the follicular phase, before the preovulatory surge, could repre-
sent the shutting of the window [11]. According to this concept, the wider is the 
window, the larger will be the number of follicles recruited during the cycle.

At the end of the follicular phase, the E2 feedback is inverted, and the rise of E2 
exerts a positive feedback on the hypothalamus and the pituitary, increasing GnRH 
pulses and therefore LH and FSH preovulatory peak. During the follicular phase, 
the negative E2 feedback becomes positive. In monkeys, the positive or negative 
feedbacks of E2 depend on the localisation of hypothalamic Kiss neurons involved. 
Whether they are located in the arcuate nucleus of the hypothalamus (ARC) or the 
paraventricular region of the preoptic area (AVPV), they induce, respectively, nega-
tive or positive feedbacks [12].

The respective role of FSH and LH in human physiology has been illustrated in 
the early 1990s, as recombinant gonadotrophins have been available. A small 
amount of LH is necessary during the follicular phase in order to produce androgens 
by the theca cells and therefore E2 by the granulosa cells. A treatment with recom-
binant FSH in women lacking both gonadotrophins due to pituitary deficiency 
induces follicular development, but the treated women lack E2 and their endome-
trium does not proliferate [13]. At mid-cycle, the LH rise plays three major roles. 
First of all, it stops granulosa cell proliferation and produces corpus luteum. 
Secondly, LH rise enables oocyte meiosis and finally it induces ovulation.

In the human pituitary, a small amount of human chorionic gonadotrophin (hCG) 
is synthesised. Due to its carboxyl-terminal extension of 30 amino acids with four 
O-linked oligosaccharides, hCG’s half-life is longer than other gonadotrophins, 
reaching 24 h. LH and hCG bind to the same receptor in the follicle; therefore, LH 
or hCG may be used in order to induce ovulation.

12.3  Rationale for Gonadotrophin Treatment in Women 
with PCOS

Women with PCOS have an altered folliculogenesis with an increased number of 
small follicles, a defect in follicular recruitment and in follicular growth, leading to 
anovulation. Patients with PCOS are considered a subgroup of WHO type II anovu-
lation, and an important role in follicle maturation failure could be related to high 
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anti-Mullerian hormone (AMH) levels. Indeed, several studies have demonstrated 
that AMH inhibits FSH effects on granulosa cells, therefore inducing a relative 
defect in endogenous FSH [14].

12.4  Different Types of Gonadotrophins Available 
for Fertility Treatment

Initially, gonadotrophins were isolated from pituitaries. However, the use of pitu-
itary gonadotrophic preparations has been abandoned, since the source of human 
pituitaries is limited and because of potential viral contamination. Indeed, many 
cases of Creutzfeldt-Jakob disease have been reported after using human growth 
hormone preparations issued from human pituitaries. Four cases have been reported 
after gonadotrophin treatment issued from pituitaries [15].

Donini et al. extracted human menopausal gonadotrophins (hMG) from urine of 
postmenopausal women [16]. Such preparations contain around the same amount of 
FSH and LH. FSH and LH activities have been standardised at 75 IU for each type 
of gonadotrophin. If no hCG is added after purification, the ratio of FSH to LH bio-
activity is 3:1. Progressively, over the years, as FSH is a major player in follicular 
recruitment and maturation, purified urinary FSH (p-FSH) preparations have been 
prepared. The ratio of FSH to LH bioactivity in those preparations is higher than 
60:1. This has been obtained by removing LH with polyclonal antibodies. Later on, 
since 1993, highly purified urinary FSH (hp-FSH) preparations have been developed. 
They contain less and 0.1 IU of LH and less than 5% of unidentified urinary proteins. 
Due to a high degree of purity, they may be administered subcutaneously.

Since the mid-1990s, recombinant FSH (r-FSH) preparations have been avail-
able. In order to produce r-FSH, mammalian cells, such as Chinese hamster ovary 
cell line, are transfected by vectors containing the genes coding for the human 
sequence of α and β FSH subunits. Cells are grown in culture medium. The recom-
binant gonadotrophins produced are then collected. Preparations of r-FSH are 
devoid of LH activity [17]. R-FSH was developed in order to assure permanent 
availability of gonadotrophins, to increase FSH production independent of urine 
collection and to reduce batch to batch variability. Furthermore, there is a reduced 
risk of immunological reactions due to impurities. R-FSH, having no protein con-
tamination, may be used subcutaneously. Self-administration by the patient has 
been developed using prefilled pen devices [18]. Marketed r-FSH available in 
Europe are follitropin alfa (Gonal-F®) and follitropin beta (Puregon®).

A long-acting FSH has been generated by adding the C-terminal region of hCG, 
called C-terminal peptide (CTP) to the beta subunit of FSH [19]. This molecule is 
called FSH-CTP or corifollitropin alfa (Elonva®). Its major indication is during 
in vitro fecondation (IVF) protocols.

The increased cost pressure of many healthcare systems and the patent expiration 
date of several r-FSH are the source of the development of FSH biosimilars [20]. 
Biosimilar formulations are products with similarity in physicochemical character-
istics, efficacy and safety to an approved product [21]. In 2014, two types of FSH 

12 Gonadotrophins



158

biosimilars have been approved by the European Medicines Agency (EMA): 
Bemfola® and Ovaleap®. They are follitropin alfa and have been compared to 
Gonal-F®. Pharmacokinetic studies have shown bioequivalence of Bemfola® and 
Ovaleap® with the innovator product Gonal-F®. Both biosimilar preparations have 
been tested in comparative phase three efficacy as well as tolerance studies, in 
women using assisted reproduction technologies [22, 23]. The results in IVF proto-
cols are rather similar. However, as mentioned by Orvieto and Seifer, biosimilar 
may be just siblings and not identical twins [24], as their glycosylation patterns are 
different.

In order to trigger ovulation, the gold standard is to use hCG. Indeed, it binds to 
the same receptor as LH, with a higher affinity. It has been initially purified from 
pregnant women’s urine (u-hCG). It is generally administered intramuscularly. 
Recombinant human LH (r-LH) and recombinant hCG (r-hCG) have been available 
since 2000 and 2001, respectively. They are administered subcutaneously using pre-
filled syringes. The most frequent dose of u-hCG, used in PCOS, is a single injec-
tion of 5000 IU or 250 μg of r-hCG. The dose of 6500 IU of u-hCG is equivalent to 
250 μg of r-hCG [25].

12.5  Different Protocols of Gonadotrophin Treatment 
in PCOS Women

Initially, FSH starting dose used to treat infertility in PCOS women was 150 IU per 
day, and the dose was increased by 75 IU/day every 3–5 days [26]. This protocol 
was named “conventional protocol”. As high rates of OHSS and multiple pregnan-
cies have been reported [27, 28], doses of gonadotrophins have been decreased. 
“Low-dose” protocols using a starting dose of FSH of 37.5–75 IU per day have 
progressively replaced the conventional protocol [29, 30]. Two main different low- 
dose protocols have been described, i.e. the step-up and the step-down regimens. In 
both protocols, FSH is started within the first 7 days of the menstrual cycle, once the 
cycle has been induced by 10 days of progestins in oligoamenorrheic women.

12.5.1  The Step-Up Protocol

The goal of the step-up protocol is to reproduce physiological follicular selection 
and single follicular growth (Fig. 12.3). It recreates the progressive rise of FSH dur-
ing the follicular phase. Follicle development needs to be checked, once a week 
after initiation of FSH. If follicle growth is not observed, an increase in dose is 
recommended. On the contrary, once follicular growth is observed, the same FSH 
dose is maintained. The protocol was then modified, as the duration of the initial 
dose of FSH was extended from 7 to 14 days and the weekly dose increment was 
reduced from 100 to 50% of the initial dose. This protocol is also called the “chronic 
low-dose regimen” [31–35]. According to the Thessaloniki Consensus Workshop 
Group, the recommended starting daily dose is 37.5–50 IU, and it is increased after 
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14 days, if there is no response and only by half an ampoule every 7 days [1]. Some 
protocols have even suggested a starting dose of 25 IU with ultra-low increment of 
gonadotrophins (8.3–12.5 IU) [36].

12.5.2  The Step-Down Protocol

A loading dose of FSH is given and followed by a subsequent stepwise reduction as 
soon as follicular development is observed on ultrasound [37, 38]. Follicles which 
already started to mature have gained increased sensitivity to FSH, but less mature 
follicles fail to thrive as FSH levels decrease. The starting FSH dose may be 100 or 
150 IU daily for 3–4 days, and the dose is then decreased to 50–75 IU daily.

12.5.3  The Combined Step-Up and Step-Down Protocol

This approach of sequential step-up and step-down regimens has been initially 
described by Hugues et al. [39, 40]. The goal is to reduce the risk of overresponse. 
The step-up used initially enables to identify the FSH dose susceptible to induce 
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monofollicular recruitment. The step-down is used in the second cycle; the starting 
dose is defined just below the individual threshold, therefore recreating the window 
of FSH.

In all protocols, hCG is administered in order to induce ovulation, when the lead-
ing follicle is higher than 17 mm. This size represents the optimal mean diameter, 
but competence may be achieved at 15 mm diameter. A single dose of 5000 IU of 
hCG is administered i.m or s.c. In order to avoid hyperstimulation, the number of 
follicles >14 mm should be lower than 2, with the largest >17 mm. If there are more 
than three follicles higher than 15 mm, hCG should not be administered and the 
couple advise to refrain from sexual intercourse or to use condoms.

12.6  Results of Gonadotrophins in Mono-ovulatory 
Induction

The rates of monofollicular development are rather similar using the step-up and the 
step-down regimens [30, 41] as well as the pregnancy rate. Using the step-up chronic 
low-dose protocols, the pregnancy rate per started cycle ranges from 11% [28] to 
14% [42]. Using the step-down protocol, it is around 16% [43]. Several studies have 
shown that the mean duration of treatment in low-dose step-up protocols is longer 
compared to the step-up protocols, reaching 28–35 days. Interestingly, the risk of 
multiple pregnancies is lower with low-dose step-up.

Few studies have compared directly, within the same study, step-up and step- 
down protocols [30, 41, 44]. One of the largest randomised controlled trials (RCT) 
including 83 women with anovulatory infertility due to PCOS allocated 1:1 step-
up or step-down protocols [44]. The starting daily dose of r-FSH was 50 IU in the 
step- up protocol and 100 IU in the step-down protocol. The mean duration of 
treatment was significantly longer in the step-up than in the step-down. The total 
amount of r-FSH was similar in the two protocols. The rate of monofollicular 
development (one follicle > 16 mm diameter at the time of hCG administration) 
was higher in the step-up than in the step-down protocols (68.2% versus 32% of 
treatment cycles, respectively). Similarly, the administration of hCG was per-
formed in 84.6% of the step-up versus 61.8% in the step-down cycles. The rate of 
hyperstimulation was significantly higher in the step-down group than in the step-
up. The fecundity rate was similar. The cumulative rates of gestation during the 
3 months from study start were not statistically different (38.6% versus 30.8%, for 
step-up and step-down protocols, respectively). In this large RCT, chronic low-
dose regimen using r-FSH administration resulted as effective as but safer as the 
step-down regimen.

The cumulative rate of pregnancies after 6 months of CC and FSH has been 
evaluated. A Dutch study reported rates of 50% and 71% after 12 and 24 months, 
respectively [45]. A second study reported a singleton live birth of 60% after 1 year 
and 78% after 2 years of follow-up [46]. The rate of multiple pregnancies was low, 
below 3%, and no OHSS was observed. The median treatment duration to achieve a 
pregnancy was 5.1 months (range 0.4–24 months) [46]. According to the Thessaloniki 
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Consensus, the recommended duration of gonadotrophin treatment should not 
exceed six ovulatory cycles [1].

Several meta-analyses have compared results of mono-ovulation induction 
according to the type of FSH preparations used. The rate of OHSS and the preg-
nancy rate have been evaluated. The meta-analysis published in 2000 showed that 
administration of FSH is safer than hMG by reducing the risk of OHSS in those 
patients with high endogenous LH secretion; the rate of pregnancy was similar [47]. 
More recently, Weiss et al. included in their meta-analysis 14 trials with 1726 
women [48]. Ten trials compared r-FSH versus urinary-derived gonadotrophins; 
four trials compared p-FSH with hMG. There was no evidence of a difference in live 
birth for r-FSH versus urinary-derived gonadotrophins [odds ratio (OR) 1.26, 95% 
confidence interval (CI) 0.80–1.99] or clinical pregnancy rate (OR 1.08, 95% CI 
0.83–1.39). However, evidence was of low quality. The observed average live birth 
per woman with urinary-derived FSH was 16%, the chance of live birth following 
r-FSH between 13% and 26%. Pooling the data, there was no evidence of a differ-
ence for r-FSH versus urinary derived on OHSS. However, the long-acting CFT 
should be avoided for mono-ovulation induction in PCOS patients because the dos-
age cannot be tailored and the risk of cancelled cycles is high.

12.7  Predictive Markers of Ovarian Response in Women 
with PCOS

As individual responses to gonadotrophins vary among patients, this is particularly 
true for patients with PCOS (see Chaps. 7 and 8). Thus, several authors have pro-
posed prediction models. The goals of those models are to evaluate ovarian sensitiv-
ity of PCOS patients to gonadotrophins, to identify couples with a poor prognosis 
and finally to adjust gonadotrophin dose to each patient.

Homburg et al. suggested that fasting insulin level could predict the number of 
ampoules required for ovulation induction [49]. Several years later, Mulders et al. 
used androstenedione and the antral follicle count (AFC) [50] in order to predict 
ovarian sensitivity. Imani et al. found a correlation of ovarian response with body 
mass index (BMI) and β cell function [51]. More recently, Koninger et al. included 
48 infertile PCOS patients, in a prospective cohort. Those patients, aged 18–43 years, 
received r-FSH, using a step-up protocol [52]. In this study, AMH was the only 
independent variable for which the effect on FSH dosage was statistically signifi-
cant in the crude regression model as well as after adjustment for other parameters 
such as age, BMI, AFC, ovarian volume, androstenedione, testosterone, LH, FSH 
and LH/FSH ratio. This study reported that an interquartile range increase in AMH 
was associated with a 51.4% (95%CI 24.7–79%) increase in the mean total r-FSH 
dosage per cycle. In other terms, a need for a 7.2% increase in the mean total FSH 
dosage per cycle was necessary per ng/ml of AMH.

Among the factors affecting the outcome of ovulation induction, a single 
nucleotide polymorphism, in exon 10 of the FSHR gene, has been described. The 
minor allele encodes an alternative amino acid, serine instead of asparagine at 
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codon 680 (680Ser) [53]. The Ser 680 FSHR is less sensitive to gonadotrophins, 
indicating a higher need for exogenous FSH in association with the 680Ser allele. 
The 680Asn is on the contrary more sensitive [54]. A recent study included 240 
anovulatory patients in a prospective cohort and 185 in a replication retrospective 
cohort. In this study, carriers of the 680Ser allele were as likely to achieve an ongo-
ing pregnancy when treated with exogenous FSH in the retrospective cohort and 
more likely in the prospective cohort, compared with other FSHR genotypes [55]. 
However, doses of FSH were not mentioned in this study. Other polymorphisms 
might be involved such as a polymorphism at position −29 in the promoter of the 
FSH receptor gene as well as a polymorphism in the promoter region of the FSHB 
gene, encoding the beta chain of FSH [56]. Pharmacogenetics could be an option 
in the future.

 Conclusion

The major goal using gonadotrophins in PCOS women is to induce a single fol-
licular growth and to avoid OHSS. Gonadotrophin preparations give similar rate 
of pregnancy; therefore, the most cost-effective should be used. The low-dose 
step-up protocol and the step-down protocols give similar results in terms of preg-
nancies, but the step-up seems safer and more convenient to use. However, the 
duration of treatment is usually longer with the step-up than the step-down proto-
col. In all cases, it is necessary to tailor every patient’s treatment. Therefore, train-
ing of physicians to perform mono-ovulation induction is necessary and should be 
encouraged.
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13.1  Introduction

Polycystic ovary syndrome (PCOS) is the most prevalent female hyperandrogenic 
disorder [1]. It includes signs and symptoms of androgen excess, ovarian dysfunction 
and anovulatory infertility and several dysmetabolic conditions, including insulin 
resistance and all features of the metabolic syndrome [1] (see Chap. 2). Approximately 
50% of the affected women are overweight or obese, particularly the abdominal-
visceral phenotype, with large differences according to geographical areas and eth-
nicities [2]. Obesity not only greatly affects the severity of PCOS [3] but also plays a 
specific pathophysiological role in the development and clinical presentation of 
PCOS [3]. According to this perspective, we have speculated that a “secondary form 
of PCOS” may develop because of the negative impact of obesity in the pathophysi-
ological mechanism leading to androgen excess and associated whole body insulin 
resistance, particularly during adolescent years [4, 5].

One of the major consequences of the PCOS status is represented by chronic 
infertility that is in turn largely affected by the presence of excess weight and obe-
sity [1]. The negative impact of obesity was recognized a long time ago, and, as a 
consequence, considerable scientific effort has been devoted to this specific issue, in 
order to improve fertility rates in affected women. In 2008, the Thessaloniki 
European Society of Human Reproduction and Embryology (ESHRE)/American 
Society for Reproductive Medicine (ASRM)-sponsored PCOS consensus workshop 
group [6] provided specific recommendations on how to manage PCOS patients 
with obesity and PCOS, in order to improve fertility outcomes. The Thessaloniki 
group emphasized that obesity adversely affects reproduction and is associated with 
anovulation, pregnancy loss and late-pregnancy complications. Moreover, it was 
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acknowledged that the presence of obesity in these women is associated with failure 
of infertility treatment and that weight loss prior to infertility treatment may improve 
ovulation rates, fecundity and pregnancy complications, in spite of the limited sci-
entific evidence. In addition, there was a general agreement that in obese PCOS 
patients the treatment of choice should be represented, first, by lifestyle modifica-
tions (including caloric restriction and physical exercise) as the first-line interven-
tion, as experienced in other areas of medicine, including obesity per se, diabetes 
type 2 and others [6].

In the same period of time and based on the same scientific evidence, the British 
Fertility Society decided that women should aim for a normal body mass index 
(BMI) before starting any form of infertility treatment and that any pharmacological 
treatment should be deferred until the BMI is less than 35, although in those rela-
tively younger weight reduction to a BMI of less than 30 would be preferable [7]. In 
any case, these patients should be provided with assistance to lose weight, including 
psychological support, dietary advice, exercise classes and, where appropriate, 
weight-reducing agents or even bariatric surgery. Notably, it was considered that 
even a moderate weight loss of 5–10% of body weight could be sufficient to restore 
fertility and improve metabolic markers in most of these patients [7].

More recently, the Endocrine Society Guidelines [8] reinforced the concept that 
menses and ovulation may improve in PCOS women with as little as 5–10% reduc-
tion in body weight, although there was no sufficient evidence that these effects may 
persist in the long term. It was therefore suggested that, although the response to 
weight loss is variable and not all patients are able to restore ovulation despite simi-
lar weight reduction, consistent evidence nonetheless exists for improved pregnancy 
rates and a decreased requirement for use of ovulation induction techniques or other 
fertility treatments of infertility.

13.2  Psychological Symptoms and Health-Related Quality 
of Life (HRQoL) in PCOS

The investigation and management of psychological disorders is an important part 
of the methodological approach to women with PCOS [1]. Available data show that 
PCOS status may have significant negative consequences on both the psychological 
well-being and HRQoL [2]. Psychological disorders are commonly associated with 
both the development and maintenance of excess body weight, and there is evidence 
that in this case affected women have a reduced chance of responding to lifestyle 
intervention strategies even if associated with pharmacological intervention [2].

Prevalence of anxiety and depression is quite common in these women [9]. 
Anxiety and particularly depressive traits can be related, among other factors, to 
infertility [10]. In addition, eating disorders can be frequently observed, particularly 
in younger women with PCOS, and this may represent an additional factor nega-
tively influencing menses regularities and ovulatory performance [9]. Eating disor-
ders per se are not specific of PCOS; in fact, they are often present even in women 
with excess weight or obesity [11]. Whether in women with PCOS the 
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psychological distress related to the PCOS phenotype [specifically hirsutism and 
menses irregularities] may have some responsibility in the development of eating 
disorders possibly related to the specific hormonal imbalance is relatively underin-
vestigated [12]. However, there is no doubt that disordered eating and eating disor-
ders may interfere with any lifestyle interventional procedure [13].

The adaptation to chronic stress exposure can also be altered in PCOS patients, 
and infertility may play a negative role in this context. It is well known that malad-
aptation to chronic stress exposure may favour the development of chronic diseases, 
including obesity, metabolic disorder and psychological functions [14]. There are 
studies demonstrating that chronic stress exposure may influence the features of 
PCOS, particularly those related to ovarian dysfunction, including infertility [15].

An additional feature of women with PCOS is represented by the frequently 
observed negative body image that women develop because of their features, includ-
ing hirsutism [and acne or alopecia] and, eventually, excess body weight [13].

Further well-designed trials in women with PCOS are important to determine the 
most effective tools and optimal approaches to assess and manage depression and/
or anxiety, eating disorders or disordered eating and negative body image and, 
finally, overall HRQoL in women with PCOS. This may be very important in the 
approach of infertile women wishing to become pregnant. In any case, the assess-
ment of psychological symptoms, eating disorders or disordered eating, not only by 
HRQoL can also be performed with appropriate validated questionnaires [2] or 
structured interviews [13] that are available on the web. Recognition of these psy-
chological disorders may help the clinician in planning lifestyle interventional pro-
grams in order to improve patient adherence and compliance and, ultimately, the 
efficacy of such a treatment, particularly when pregnancy represents the ultimate 
aim.

13.3  Evaluation of Dietary Habits in Women with PCOS 
Before Planning a Lifestyle Intervention

Adequate nutritional status is a critical determinant of the onset and maintenance of 
normal reproductive function. Unfortunately, the association between abnormal 
dietary habits and history and risk of PCOS has not been examined in depth, and 
available data are still sparse and often contradictory. Most researchers found that 
daily energy intake and diet composition did not differ in the majority of PCOS 
women compared to controls, although minor discrepancies regarding specific 
nutrients and food categories in subgroups of women were reported [16]. However, 
whether women with PCOS have different patterns of dietary intake and food pref-
erences with respect to the unaffected population is far from being established. 
Interestingly, an increased risk of anovulatory infertility has been associated with a 
higher consumption of animal proteins, total carbohydrates and foods with a high 
glycaemic index, low-fat dairy foods and cola beverages in different reports from 
the Nurses’ Health Study cohort [17]. In a case–control study in overweight or 
obese women with PCOS compared with age- and weight-matched non-PCOS 
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women [18], we found that diet did not differ between the two groups in relation to 
energy and macronutrient intake. However, compared to controls, we reported that 
PCOS women had a higher consumption of cheese and high-glycaemic index 
starchy sweets and a preference for raw oil rather than other cooked fats. This may 
have some clinical relevance, since there are few studies linking anovulatory infer-
tility [18] or PCOS [19] to high-glycaemic index food intake. Overall, the available 
data give little support to the hypothesis of a strong dependence of polycystic ovary 
syndrome status on nutritional factors.

An interesting new advance in this area is represented by the glycosylated end 
products [AGEs] story. Diet is a major source of AGEs and other oxidants [20]. 
The origin of AGEs is strongly related to food preparation techniques and their 
cooking. Foods cooked at high temperatures and under dry conditions have the 
highest AGE content, especially if the fat content is high [21]. Dietary AGEs con-
tribute to a state of elevated oxidative stress and inflammation [20, 22] and have 
been shown to play a role in promoting diabetes, insulin resistance and atheroscle-
rosis in mice [20]. Recent data have shown that oxidative stress may also be 
involved in the pathophysiology of PCOS [23]. Whether AGE intake differs in 
obese PCOS women compared to normal weight ones or the normal weight refer-
ence population is relatively unknown. An observational cross-sectional study 
aimed at evaluating eating habits was performed in a population of high school 
students from Emilia Romagna (Italy), aged between 15–19 years (265 females 
and 227 males) who underwent a personal interview by a dietician regarding their 
dietary habits, used to assess the macro- and micronutrient composition of the diet, 
the quality of the diet according to the Mediterranean diet quality index (M-DQI) 
and the total amounts of AGEs ingested daily [24]. It was found that most (>90%) 
of the subjects had a relatively poor M-DQI score and that this score was worse in 
males than females. Interestingly, the total amount of AGEs ingested daily corre-
lated significantly and positively with M-DQI. Interestingly, both AGEs and 
advanced oxidation protein products have been found to be higher in women with 
PCOS than in healthy controls [25] and can be reduced by dietary-induced weight 
loss [26]. At variance, in the previous study cited above, we documented the lack 
of significant difference in AGE intake in a relatively small number of PCOS 
women and non-PCOS controls [18]. Therefore, whether AGE intake is higher in 
women with PCOS requires more investigation. Nonetheless, given the important 
negative impact of PCOS status on fertility, whether specific dietary changes may 
provide some significant better benefit on fertility in these women warrants 
investigation.

13.4  Does a Healthy Diet Positively Influence Fertility 
Processes?

A healthy diet may improve fertility for women with ovulatory dysfunction, 
although data regarding the effects of variations in diet on fertility in anovulatory 
women, particularly those with PCOS, are very few. Apart from lowering the 
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malformation risk by periconceptional supplementation of folic acid, data on dietary 
integration with different micronutrients are often anecdotal.

A potential efficacy of the Mediterranean dietary patterns has been emphasized 
in some studies [27]. Vitamin D levels are often lower than normal in PCOS women, 
particularly in the presence of obesity [28]. In some studies, supplementation with 
vitamin D has been shown to improve ovulation in women with PCOS [29]. Whether 
supplementation with vitamin D may be effective in improving fertility in response 
to pharmacological ovulation induction or assisted reproductive technologies 
(ARTs) requires further investigation.

As summarized in a previous paragraph, specific interest has arisen regarding the 
potential role of AGEs not only in terms of their pathophysiological role in favour-
ing PCOS but also of their potential role in fertility. Reducing AGE intake may have 
implications in the treatment of infertile women with PCOS, offering specific 
dietary advice to improve not only their dysmetabolic milieu but also in improving 
their reproductive potential [21]. The available literature supports the concept that 
by modifying preparation methods with the aim of containing the lowest amount of 
AGE could potentially improve ovulation dysfunction associated with PCOS [21]. 
However, there are no data comparing different ethnic populations with different 
diets regarding the impact of AGEs [30]. In any case, the environmental source of 
AGEs can be reduced by dietary modifications.

A new perspective seems to exist to advocate further investigation of nutritional 
treatments for infertility patients [31]. Since infertility may be favoured by specific 
dietary deficiencies or imbalance, it may be that the correction or addition of miss-
ing components in the diet may help. The US Nurses’ Health Study has shown 
increased risk of ovulatory dysfunction associated with many dietary factors, 
including protein intake, dietary fats, carbohydrates, alcohol, caffeine and dairy 
products [32]. For example, the dietary glycaemic index has been positively corre-
lated with ovulatory infertility, whereas intake of vitamins has been inversely cor-
related with ovulatory infertility [33]. Animal models of obesity have highlighted 
oocyte dysfunction, including an increase in granulosa cell apoptosis and impaired 
oocyte maturation, which may imply an impaired mitochondrial function of the 
oocyte [31]. In a mouse model, a high incidence of spindle abnormalities and 
increased reactive oxygen species (ROS) generation in oocyte mitochondria have 
also been demonstrated [34]. Human studies confirm that oocytes from obese 
women undergoing in vitro fertilization may have abnormal lipid accumulation and 
oxidative stress, which implies an impaired development [31]. This may suggest 
some benefit in seeking to improve mitochondrial function for fertility enhance-
ment. Specifically, it has been shown that antioxidants, cofactors and energy 
enhancer compounds [including nutrients] may reduce the detrimental effects of 
reactive oxygen. The idea of a “mitochondrial diet” suggests that by supplementing 
the necessary cofactors, energy enhancers and antioxidants [such as coenzyme Q10, 
vitamin C, vitamin E, vitamin B6, selenium, catechins, carnitine, proanthocyani-
dins, alpha-lipoic acid, N-acetylcysteine and omega-3 fatty acids] into a diet might 
positively impact on fertility [31]. Although there are very few available studies in 
humans, this nonetheless appears to be an exciting area for further research.
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13.5  Definition of Lifestyle Intervention

A lifestyle intervention should be recommended to all women planning a pregnancy 
but above all in patients with PCOS who are overweight or obese [35]. The term 
“lifestyle” is often misinterpreted and usually refers to a prescription of a specific 
hypocaloric diet, possibly combined with a standardized physical activity. 
Unfortunately, this procedure is largely influenced by a list of factors affecting daily 
life and currently lasts for only a short period of time, rarely exceeding 6 months 
[35]. A more comprehensive approach, aimed not only at favouring changes in 
dietary habits and food choice but also in modifying eating behaviour and the 
increase in self-confidence [which requires a well-defined methodology including 
psychological models], is rarely used and often is not part of this type of medical 
act. The recent Australian Guidelines on treatment of PCOS [13] focused attention 
on the need for well-defined goals to be achieved, shared between doctor and 
patient, in order to predict good success. The prospect of a pregnancy, regardless of 
how it is obtained and managed, can be a perfect reason to increase compliance and 
intervention programs on lifestyle. Unfortunately, the available literature does not 
help much in this regard, often because the psychopathological aspects coexisting 
in the same patient are not considered and the organizational aspects in the follow-
 up are not adequately planned. These aspects should be much more defined and 
practiced, especially when ovulation induction therapy or ARTs are planned.

13.6  Lifestyle Intervention in PCOS

13.6.1  Clinical Effectiveness

Weight loss per se may improve PCOS to varying extents, and a number of inter-
ventional studies with lifestyle modification with or without the association of insu-
lin sensitizers (particularly metformin) have uniformly demonstrated a significant 
improvement in many key features of PCOS, including androgen blood levels and 
the dysmetabolic milieu [35]. Unfortunately, most of these studies are short, which 
represents their major limitation. In addition, a great interindividual variability in 
the response to weight loss has been reported, and predictive factors are still largely 
under-evaluated [36]. On the other hand, it has been shown that when the objectives 
are well defined, patient empowerment can be increased, and the extent of weight 
loss can therefore be amplified [37].

Lifestyle modification programs including a structured diet and/or physical 
activity are recommended in overweight or obese PCOS women in order to favour 
spontaneous pregnancy and also to improve the chances of pregnancy after ovula-
tion therapies or after ARTs [35]. As above described, this should always be associ-
ated with a structured intervention to improve psychological disorders, when 
present. This may favour adherence to the lifestyle program and individual HRQoL.

A large number of uncontrolled intervention studies have been conducted exam-
ining the effect of weight loss through dietary restriction alone in overweight or 
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obese women with PCOS [35]. Unfortunately, no randomized controlled trials 
(RCTs) comparing dietary intervention to nonstructured dietary intervention are 
available. Nonetheless, all the studies demonstrate fairly uniform improvements in 
many key features of PCOS even with a modest but significant weight loss, specifi-
cally on menstrual cyclicity and ovulatory rates, other than on metabolic and hor-
monal parameters [36]. Unfortunately, few studies reported the outcomes on 
pregnancy or conception rates, and there are few data on the effect of lifestyle modi-
fication on pregnancy outcomes [live birth rate] in obese women with PCOS. A very 
recent large RCT in obese infertile women has been published [38]. The authors 
randomly assigned a large group of infertile women with a BMI of 29 or higher to 
a 6-month lifestyle intervention preceding treatment for infertility or to prompt 
treatment for infertility. A similar group served as a control group, without any life-
style plan. The primary outcome was the vaginal birth of a healthy singleton at term 
within 24 months after randomization. The mean weight loss at the intention-to- 
treat analyses was 4.4 kg in the intervention group and 1.1 kg in the control group. 
The primary outcome occurred in 27.1% of the women in the intervention group 
and in 35.2% of those in the control group. These results were fairly discouraging, 
since it was found that in obese infertile women a lifestyle intervention preceding 
infertility treatment, as compared with prompt infertility treatment, did not result in 
higher rates of a physiological delivery. No similar studies have been performed in 
obese women with PCOS.

There is no evidence that macronutrient composition of the dietary component of 
a lifestyle program may have some specific benefit, although a low-fat, moderate 
protein and high carbohydrate intake in conjunction with moderate regular exercise 
was recommended for the management of obesity and related comorbidities [35]. 
This has been confirmed by a recent Cochrane review that reported similar weight 
loss and compliance for a low-fat diet compared with other approaches [36]. 
Accordingly, there is no evidence that alternative dietary approaches based on 
changes in the macronutrient proportions may have more favourable hormonal and 
metabolic effects or may produce different weight loss. Similar findings from small 
studies have been shown in reproductive outcomes. With regard to a very low car-
bohydrate approach, it should be considered that these diets may have safety con-
cerns related to the potential nutritional inadequacy; hitch obviously may be 
particularly important in a pregnancy.

A recent meta-analysis on the role of lifestyle intervention in women with PCOS 
included RCTs that enrolled woman of any age with PCOS who received lifestyle 
intervention and compared them against women who received no intervention, min-
imal intervention or metformin [39]. The results of this study refer to nine trials 
enrolling 583 women. Unfortunately, most studies recorded a high loss to follow-up 
rate, lack of blinding and short follow-up. Nonetheless, some metabolic benefits 
added to weight loss were found, similar to those obtained by metformin. The use 
of physical exercise and/or hypocaloric dieting seemed to be efficacious in over-
weight or obese women with PCOS. However, no significant effect of lifestyle inter-
vention on pregnancy rate was found, probably due to the relatively short (6 months) 
period of treatment.
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13.6.2  Controversial Issues

As previously detailed, there is no doubt that a weight loss of 5–10% of the initial 
value can lead to an improvement of ovulatory rates and a greater chance of a preg-
nancy and giving birth to a healthy baby. On the other hand, it has still not been 
clearly defined what the extent of the weight loss should be in each patient in order 
to obtain the maximum efficiency of the treatment, in particular of a structured life-
style program, nor in how much time it should be obtained in order to favour as 
much as possible a spontaneous pregnancy or a better response to drug therapy of 
ovulation induction or ARTs. On the other hand, there is evidence that a marked 
weight loss achieved over a relatively long period can successfully improve ovula-
tory performance and, potentially, pregnancy rates in obese PCOS women. In a 
long-term retrospective study performed in a relatively large group of obese PCOS 
patients treated with a hypocaloric diet (1200 kcal/day) followed by mild caloric 
restriction and programmed physical activity, with careful reinforcement at the peri-
odical check-ups and with a follow-up period of 20.4 ± 12.5 months, we reported 
that approximately 35 percent of patients completely recovered from all features of 
PCOS and, in particular, achieved normal ovarian morphology and ovulation rate 
[40]. A complete improvement in ovulatory performance obviously suggests a 
greater chance to be fertile. Results from studies on the efficacy of bariatric surgery 
in obese women on PCOS are extraordinarily positive in this sense.

Available studies on the effects of bariatric surgery in PCOS women with severe 
obesity represent convincing evidence of the potential recovery from the PCOS 
phenotype, provided adequate weight loss is achieved. A recent meta-analysis [41], 
including 13 primary studies and involving more than 2000 female patients, pro-
vided definite information on the efficacy of bariatric surgery in obese PCOS 
women. It showed that the preoperative incidence of PCOS was 45.6%, which sig-
nificantly decreased to 6.8% at the 12th month follow-up, parallel to the decrease in 
BMI from 46.3 to 34.2. Focusing on the criteria defining the PCOS phenotypes, the 
study found that 56.2% of patients reported preoperative menstrual irregularity, 
which significantly decreased to 7.7% and that of infertility declined from 18.2% to 
4.3% [41]. Overall, these data suggest that infertility can be greatly improved in 
obese women with PCOS, provided an adequate therapeutic procedure is planned 
and a considerable weight loss is achieved.

13.7  Obesity, Infertility and PCOS: A Personalized Approach?

Since there is consistent evidence that high BMI has adverse effects on ovulation 
induction treatment outcomes, women undergoing assisted reproduction may offer 
a unique opportunity to search for associations between preconceptional treatment 
plans and reproductive outcomes. In addition, although there are clinical recom-
mendations of advising overweight or obese women to lose weight before planning 
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any ovulation induction technique, the quality of available studies published on the 
topic is still unsatisfactory. Overall, this suggests the need for a personalized inter-
vention based on the woman’s needs, particularly on how to treat infertility, and 
including a therapeutic approach able to improve the chance to become pregnant 
and give birth to a baby. A tailored comprehensive lifestyle program, together with 
appropriate drugs, may be part of an individualized therapeutic protocol aimed at 
reducing weight and metabolic alterations and favouring the fertility process. A 
personalized approach needs a careful evaluation of many methodological aspects 
(Table 13.1), including a close collaboration between the patient and the doctors.

Methodological aspects that could be used while planning a lifestyle intervention 
are summarized in Table 13.1.

13.7.1  The Type of Therapeutic Intervention

The available strategies in women with PCOS favour ovulation and therefore a spon-
taneous natural pregnancy or, conversely, use therapeutic strategies to induce ovula-
tion or the recourse to ARTs. All these therapeutic approaches represent different 
conditions that may require specific therapeutic protocols, based on individual needs. 
The decision to apply a lifestyle interventional program in overweight or obese 
women with PCOS who wish to achieve a physiological pregnancy may require a 
different strategy with respect to those who are likely to need an ovulation induction 
therapy or are started on ARTs. In the former, a long-term lifestyle program in 

Table 13.1 Methodological aspects for a personalized approach with lifestyle intervention 
program

(1)  A strategy to select patients potentially responsive to a lifestyle intervention program in 
either the short or long-term by the doctor

(2)  The need to evaluate behavioural and psychological disturbances before planning any 
lifestyle treatment is mandatory and, based on the clinical approach, a decision on whether 
a preliminary psychiatric or psychological approach is needed should be considered. For 
example, the presence of eating disorders needs primary medical intervention to improve 
adherence to a lifestyle intervention

(3)  The evaluation of the HRQoL of the patient at baseline may help the doctor in planning the 
lifestyle treatment before any pharmacological and technical procedure is planned

(4)  Prior evaluation of dietary habits should always be performed, since this may help to plan 
dietary changes on an individual basis

(5)  The inclusion in the therapeutic plan of physical activity may be difficult in some patients, 
however in selected patients it may be of great help in improving self-esteem

(6)  In patients with massive obesity it is likely a medical treatment based on lifestyle 
intervention may fail; alternatives, including bariatric surgery, should therefore be assessed

(7)  It should be considered that planning a pregnancy may involve different therapeutic 
strategies and that, in any case, these need time to hopefully obtain effective results, 
regardless of the therapeutic strategy chosen to achieve a pregnancy
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overweight/obese PCOS women who plan a pregnancy in the long term seems to be 
rational and extremely useful. Although no studies have addressed the use of a long-
term lifestyle program before either ovulation induction therapies or the resort to 
ARTs, this should be planned in order to investigate whether a sustained weight loss 
may improve the outcomes of these treatments. Intriguingly, in obese or massively 
obese PCOS women, this obviously requires a long period of time.

The question of whether an unexpected pregnancy occurring in a woman with 
PCOS may require a soft lifestyle intervention or a healthy diet represents a further 
challenge in this area of medicine. If the woman is normal weight, a healthy diet can 
be advised, aimed at controlling weight gain and providing a physiological environ-
ment for the foetus. Pregnancy, childbirth and lactation represent the terminal pro-
cesses of the reproductive potential of a woman, requiring a further important 
energy adaptation, given the considerable expenditure that these conditions entail. 
In addition, energy expenditure varies according to initial BMI levels of pregnant 
women based on the socio-economic condition [42]. In these cases, a healthy diet 
could be recommended, providing the opportunity to avoid excessive medicaliza-
tion of the patient.

 Conclusion

The use of lifestyle intervention in obese women with PCOS, aimed to improve 
fertility, still represents a controversial issue. Apart from the Australian Guidelines 
[13], it was not made any effort in the rest of world to plan the best strategy. It 
appears of particular importance the opportunity to assess, before starting a life-
style program, if there are psychological problems that could adversely affect the 
outcomes. What seems absolutely necessary is a plan for long-term controlled 
studies that, depending on the type of patient and the therapeutic strategy choice, 
can lead to effective clinical results. Finally, it should be considered that this type 
of intervention should be as possible based on individual needs that often require 
different strategies, with long lead times and clearly defined goals.

References

 1. McCartney CR, Marshall JC. Clinical practice. Polycystic ovary syndrome. N Engl J Med. 
2016;375:54–64.

 2. Conway G, Dewailly D, Diamanti-Kandarakis E, Escobar-Morreale HF, Franks S, Gambineri 
A, Kelestimur F, Macut D, Micic D, Pasquali R, Pfeifer M, Pignatelli D, Pugeat M, Yildiz BO, 
ESE PCOS Special Interest Group. The polycystic ovary syndrome: a position statement from 
the European Society of Endocrinology. Eur J Endocrinol. 2014;171:P1–29.

 3. Pasquali R, Diamanti-Kandarakis E, Gambineri A. Management of endocrine disease: second-
ary polycystic ovary syndrome: theoretical and practical aspects. Eur J Endocrinol. 
2016;175:R157–69.

 4. Pasquali R, Gambineri A. A comprehensive approach in diagnosing the polycystic ovary syn-
drome. Womens Health (Lond). 2015;11:501–12.

 5. Rosenfield RL. Clinical review: adolescent anovulation: maturational mechanisms and impli-
cations. J Clin Endocrinol Metab. 2013;98:3572–83.

R. Pasquali



179

 6. The Thessaloniki ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Consensus 
on infertility treatment related to polycystic ovary syndrome. Hum Reprod. 2008;23:462–77.

 7. Balen AH, Anderson R. Impact of obesity on female reproductive health: British fertility soci-
ety, police and practice guidelines. Hum Fertil (Camb). 2007;10:195–206.

 8. Legro RS, Arslanian SA, Ehrmann DA, Hoeger KM, Murad MH, Pasquali R, Welt CK, Society 
E. Diagnosis and treatment of polycystic ovary syndrome: an Endocrine Society clinical prac-
tice guideline. J Clin Endocrinol Metab. 2013;98:4565–92.

 9. Barry J, Kuczmierczyk A, Hardiman P. Anxiety and depression in PCOS: a systematic review 
and meta-analysis. Hum Reprod. 2011;26:2442–51.

 10. Tan S, Hahn S, Benson S, Janssen O, Dietz T, Kimmig R, Hesse-Huissain J, Mann K, 
Schedlowsky M, Arck P. Psychological implications of infertility in women with PCOS. Hum 
Reprod. 2008;23:2064–71.

 11. Kerchner A, Lester W, Stuart SP, Dokras A. Risk of depression and other mental health disorders 
in women with polycystic ovary syndrome: a longitudinal study. Fertil Steril. 2009;91:207–12.

 12. Hahn S, Janssen OE, Tan S, Pleger K, Mann K, Schedlowski M, Kimmig R, Benson S, 
Balamitsa E, Elsenbruch S. Clinical and psychological correlates of quality-of-life in polycys-
tic ovary syndrome. Eur J Endocrinol. 2005;153:853–60.

 13. Misso M, Boyle J, Norman R, Teede H. Development of evidenced-based guidelines for PCOS 
and implications for community health. Semin Reprod Med. 2014;32:230–40.

 14. Pasquali R. The hypothalamic-pituitary-adrenal axis and sex hormones in chronic stress and 
obesity: pathophysiological and clinical aspects. Ann N Y Acad Sci. 2012;1264:20–35.

 15. Elsenbruch S, Benson S, Hahn S, Tan S, Mann K, Pleger K, Kimmig R, Jansen O. Determinants 
of emotional distress in women with PCOS. Hum Reprod. 2006;21:1092–9.

 16. Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. A prospective study of dairy foods 
intake and anovulatory infertility. Hum Reprod. 2007;22:1340–7.

 17. Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. A prospective study of dietary car-
bohydrate quantity and quality in relation to risk of ovulatory infertility. Eur J Clin Nutr. 
2009;63:78–86.

 18. Altieri P, Cavazza C, Pasqui F, Morselli AM, Gambineri A, Pasquali R. Dietary habits and their 
relationship with hormones and metabolism in overweight and obese women with polycystic 
ovary syndrome. Clin Endocrinol. 2013;78:52–9.

 19. Douglas CC, Norris LE, Oster RA, Darnell BE, Azziz R, Gower BA. Difference in dietary 
intake between women with polycystic ovary syndrome and healthy controls. Fertil Steril. 
2006;86:411–7.

 20. Merhi Z. Advanced glycation end products and their relevance in female reproduction. Hum 
Reprod. 2014;29:135–45.

 21. Garg D, Merhi Z. Advanced glycation end products: link between diet and ovulatory dysfunc-
tion in PCOS? Forum Nutr. 2015;7:10129–44.

 22. Piperi C, Adamopoulos C, Dalagiorgou G, Diamanti-Kandarakis E, Papavassiliou AG. 
Crosstalk between advanced glycation and endoplasmic reticulum stress: emerging therapeutic 
targeting for metabolic diseases. J Clin Endocrinol Metab. 2012;97:2231–42.

 23. Papalou O, Victor VM, Diamanti-Kandarakis E. Oxidative stress in polycystic ovary syn-
drome. Curr Pharm Des. 2016;22:2709–22.

 24. Tarabusi V, Cavazza C, Pasqui F, Gambineri A, Pasquali R. Quality of diet, screened by the 
Mediterranean diet quality index and the evaluation of the content of advanced glycation end 
products, in a population of high school students from Emilia Romagna. Mediterr J Nutr 
Metab. 2010;3:153–7.

 25. Diamanti-Kandarakis E, Katsikis I, Piperi C, Kandaraki E, Piouka A, Papavassiliou AG, 
Panidis D. Increased serum advanced glycation end-products is a distinct finding in lean 
women with polycystic ovary syndrome (PCOS). Clin Endocrinol. 2008;69:634–41.

 26. Tantalaki E, Piperi C, Livadas S, Kollias A, Adamopoulos C, Koulouri A, Christakou C, 
Diamanti-Kandarakis E. Impact of dietary modification of advanced glycation end products 
(AGEs) on the hormonal and metabolic profile of women with polycystic ovary syndrome 
(PCOS). Hormones (Athens). 2014;13:65–73.

13 Lifestyle Interventions and Natural and Assisted Reproduction in Patients



180

 27. Vujkovic M, de Vries JH, Lindemans J, Macklon NS, van der Spek PJ, Steegers EA, Steegers- 
Theunissen RP. The preconception Mediterranean dietary pattern in couples undergoing 
in vitro fertilization/intracytoplasmic sperm injection treatment increases the chance of preg-
nancy. Fertil Steril. 2010;94:2096–101.

 28. Lerchbaum E, Rabe T. Vitamin D and female fertility. Curr Opin Obstet Gynecol. 
2014;26:145–50.

 29. Dabrowski FA, Grzechocinska B, Wielgos M. The role of vitamin D in reproductive health–a 
Trojan horse or the golden fleece? Forum Nutr. 2015;7:4139–53.

 30. Pasquali R, Stener-Victorin E, Yildiz BO, Duleba AJ, Hoeger K, Mason H, Homburg R, 
Hickey T, Franks S, Tapanainen JS, Balen A, Abbott DH, Diamanti-Kandarakis E, Legro 
RS. PCOS Forum: research in polycystic ovary syndrome today and tomorrow. Clin 
Endocrinol. 2011;74:424–33.

 31. Shaum KM, Polotsky AJ. Nutrition and reproduction: is there evidence to support a “fertility 
diet” to improve mitochondrial function? Maturitas. 2013;74:309–12.

 32. Chavarro JE. Diet and lifestyle in the prevention of ovulatory disorder infertility. Obstet 
Gynecol. 2007;110:1050–8.

 33. Chang AS, Dale AN, Moley KH. Maternal diabetes adversely affects preovulatory oocyte 
maturation, development, and granulosa cell apoptosis. Endocrinology. 2005;146:2445–53.

 34. Wittemer C, Ohl J, Bailly M, Bettahar-Lebugle K, Nisand I. Does body mass index of infertile 
women have an impact on IVF procedure and outcome? J Assist Reprod Genet. 
2000;17:547–52.

 35. Moran LJ, Pasquali R, Teede HJ, Hoeger KM, Norman RJ. Treatment of obesity in polycystic 
ovary syndrome: a position statement of the androgen excess and polycystic ovary syndrome 
society. Fertil Steril. 2009;92:1966–82.

 36. Moran LJ, Hutchison SK, Norman RJ, Teede HJ. Lifestyle changes in women with polycystic 
ovary syndrome. Cochrane Database Syst Rev. 2011;7:CD007506.

 37. Crosignani PG, Colombo M, Vegetti W, Somigliana E, Gessati A, Ragni G. Overweight and 
obese anovulatory patients with polycystic ovaries: parallel improvements in anthropometric 
indices ovarian physiology and fertility rate induced by diet. Hum Reprod. 2003;18:1928–32.

 38. Mutsaerts MAQ, van Oers AM, Groen H, Burggraaff JM, Kuchenbecker WK, Perquin DA, 
Koks CA, van Golde R, Kaaijk EM, Schierbeek JM, Oosterhuis GJ, Broekmans FJ, Bemelmans 
WJ, Lambalk CB, Verberg MF, van der Veen F, Klijn NF, Mercelina PE, van Kasteren YM, 
Nap AW, Brinkhuis EA, Vogel NE, Mulder RJ, Gondrie ET, de Bruin JP, Sikkema JM, de 
Greef MH, ter Bogt NC, Land JA, Mol BW, Hoek A. Randomized trial of a lifestyle program 
in obese infertile women. N Engl J Med. 2016;374:1942–53.

 39. Domecq JP, Prutsky G, Mullan RJ, Hazem A, Sundaresh V, Elamin MB, Phung OJ, Wang A, 
Hoeger K, Pasquali R, Erwin P, Bodde A, Montori VM, Murad MH. Lifestyle modification 
programs in polycystic ovary syndrome: systematic review and meta-analysis. J Clin 
Endocrinol Metab. 2013;98:4655–63.

 40. Pasquali R, Gambineri A, Cavazza C, Ibarra Gasparini D, Ciampaglia W, Cognigni GE, 
Pagotto U. Heterogeneity in the responsiveness to long-term lifestyle intervention and predict-
ability in obese women with polycystic ovary syndrome. Eur J Endocrinol. 2011;164:53–60.

 41. Skubleny D, Switzer NJ, Gill RS, Dykstra M, Shi X, Sagle MA, de Gara C, Birch DW, Karmali 
S. The impact of bariatric surgery on polycystic ovary syndrome: a systematic review and 
meta-analysis. Obes Surg. 2016;26:169–76.

 42. Butte NF, King JC. Energy requirements during pregnancy and lactation. Public Health Nutr. 
2005;8:1010–27.

R. Pasquali



181© Springer International Publishing Switzerland 2018
S. Palomba (ed.), Infertility in Women with Polycystic Ovary Syndrome,  
https://doi.org/10.1007/978-3-319-45534-1_14

X.-K. Wu (*) 
Department of Obstetrics and Gynaecology, First Affiliated Hospital, Heilongjiang University 
of Chinese Medicine, Harbin, China 
e-mail: xiaokewu2002@vip.sina.com

E.H. Ng 
Department of Obstetrics and Gynaecology, The University of Hong Kong,  
Hong Kong, China

14Dietary Supplements, Phytotherapy 
and Chinese Herbal Medicine in PCOS

Xiao-Ke Wu and Ernest HY Ng

14.1  Introduction

Polycystic ovarian syndrome (PCOS) is one of the most common reproductive 
endocrinology abnormalities; according to the Rotterdam diagnostic criteria, it 
affects 5–10% of women of reproductive age in Caucasian population and 5.6% of 
the Chinese women aged 19–45 years [1]. Western medicines, such as oral contra-
ceptives and insulin sensitisers, have been widely used to improve the symptoms 
and signs of PCOS. Except the treatment mentioned above, there are some other 
complementary and alternative medicines (CAMs) including dietary supplements, 
phytotherapy and Chinese herbal medicine (CHM) for treating PCOS.

14.2  Dietary Supplements

Several dietary supplements may have beneficial effects on women with PCOS. 
However, most studies in this area are small or uncontrolled. Therefore, well-designed 
studies are needed to further evaluate the benefits and risks of these supplements in 
PCOS. In addition, it is important to note that the supplements discussed here are not 
approved by the Food and Drug Administration (FDA) or other national agencies for 
the treatment of PCOS.
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14.2.1  Vitamin D

Accumulating evidence suggests that vitamin D deficiency may be a causal factor in 
the pathogenesis of insulin resistance (IR) and the metabolic syndrome in PCOS 
[2]. Furthermore, 25-hydroxyvitamin D levels are closely associated with impaired 
cell function, impaired glucose tolerance (IGT) and the metabolic syndrome in 
PCOS women [3]. Two small, uncontrolled studies demonstrate that vitamin D may 
improve IR and lipid profiles in PCOS patients [4, 5]. One of the two studies showed 
a significant reduction in homeostatic model assessment of insulin resistance 
(HOMA-IR) 3 weeks after a single oral vitamin D 3 dose of 300,000 IU in 11 obese, 
insulin-resistant women with PCOS [5, 6]. Moreover, vitamin D supplementation 
may also improve anovulation in PCOS. A pilot randomised controlled trial (RCT) 
of 60 infertile PCOS patients showed that the number of dominant follicles (14 mm) 
during 2–3 months of follow-up was higher in the calcium (1000 mg/day) plus vita-
min D (400/day) plus metformin (1500 mg/day) group than in the calcium-vitamin 
D-only group or the metformin-only group [6]. Besides, a recent study showed that 
using calcium combined with vitamin D for 8 weeks among overweight and vitamin 
D-deficient women with PCOS had positive effects on inflammatory factors and 
biomarkers of oxidative stress compared with using vitamin D or calcium alone [7].

14.2.2  Vitamin B12 and Folate

Two recent studies suggest that B vitamins may be important in PCOS. In the first 
study, IR, obesity and elevated homocysteine were associated with lower serum 
vitamin B12 concentrations in PCOS patients [8]. The second study was a non- 
randomised, placebo-controlled, double-blind trial that demonstrated that supple-
mentation with folate (400 mg daily) for 6 months increased the beneficial effect of 
metformin on the vascular endothelium in women with PCOS [9]. However, the 
mechanisms involved are still unclear.

14.2.3  Green Tea and Spearmint Tea

Tea, next only to water, is the most popularly consumed beverage in the world, with 
a per capita consumption of 120 ml/day [10]. Green tea has been shown to exert 
beneficial effects on glucose and lipid metabolism [11, 12] and the hormonal system 
[13, 14] in rats and humans, which are all very relevant in the management of PCOS 
patients. In addition, herbal tea reduces body weight and induces ovulation in 
androgen-sterilised rats [15]. However, there are only two RCTs of herbal tea in 
PCOS, one using green tea [16] and the other spearmint tea [17]. The principal 
component of green tea, (−)-epigallocatechin-3-gallate (EGCG), significantly 
reduced body weight and circulating testosterone, oestradiol, leptin, insulin, insulin 
growth factor (IGF)-I, luteinizing hormone (LH), glucose, cholesterol and triglycer-
ide in Sprague Dawley rats and lean and obese Zucker rats [15]. In vitro studies 
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demonstrate that green tea extract and EGCG inhibit basal and stimulated testoster-
one production in rat Leydig cells. The mechanisms underlying the effects of EGCG 
involve the in vitro inhibition of the PKA/PKC signalling pathways as well as the 
inhibition of P-450 side-chain cleavage enzyme and 17-hydroxysteroid dehydroge-
nase function during testicular steroidogenesis [14].

In an RCT of 34 obese Chinese women with PCOS, the body weight of the green 
tea capsule group (540 mg EGCG/day) decreased by a non-significant 2.4% after 
treatment, whereas the body weight, body mass index (BMI) and body fat content 
of the control group were significantly higher after 3 months [17]. However, there 
were no significant differences in glucose, lipid metabolism or any of the hormone 
levels between the two groups. The lack of a positive finding in this study may be 
due to an inadequate dose of green tea and the small sample size of the study. 
Furthermore, the response to EGCG may be greater in other ethnic groups, espe-
cially those groups who do not already have a strong habit of taking tea in their daily 
life [18].

With regard to spearmint tea, an RCT of 41 PCOS women showed that spearmint 
tea twice a day for 1 month significantly decreased free and total testosterone levels, 
improved patients’ subjective assessments of their hirsutism and increased LH and 
follicle stimulating hormone (FSH) compared with a placebo herbal tea [18]. 
Further studies are needed to confirm these findings and further elucidate the mech-
anisms underlying the anti-androgenic effects of spearmint tea.

14.2.4  Cinnamon Extract

Cinnamon extract (a traditional herb) has been shown to potentiate the insulin effect 
through upregulation of glucose uptake in cultured adipocytes [19–21]. Cinnamon 
extract also improves insulin action via increasing glucose uptake in vivo, as it has 
been shown to enhance the insulin signalling pathway in skeletal muscle in rats 
[22]. An RCT of 15 women with PCOS showed significant reduction in IR in the 
cinnamon group (333 mg of cinnamon extract, 3 times a day) but not in the placebo 
group [23].

14.2.5  ω-3 and Other Polyunsaturated Fatty Acids

A small RCT of 25 PCOS women demonstrated that dietary supplementation with 
ω-3 fatty acid 4 g/day (4 × 1000-mg capsules of 56% docosahexaenoic acid and 
27% eicosapentaenoic acid) for 8 weeks has beneficial effects on liver fat content 
and other cardiovascular risk factors in women with PCOS [24]. Another small 
study of 17 women with PCOS showed that increased dietary polyunsaturated fatty 
acid (PUFA) intake from walnuts (48 g walnuts per 800 kcal energy intake) for 
3 months increased glucose levels in women with PCOS [25]. Forty-eight grams of 
walnuts contain 311 kcal (70 kcal from 30 g fat, 28 kcal from 7 g protein, and 
36 kcal from 9 g carbohydrates) and provide 19 g of linolenic acid and 3.3 g of 
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α-linolenic acid. Further studies are needed to determine the risks and benefits of 
ω-3 fatty acids and other PUFAs in PCOS.

14.2.6  Micronutrients

Several RCTs [26–28] showed that selenium, zinc and chromium supplement 
reduced serum insulin levels, markers of IR (HOMA-IR and QUICKI) and triglyc-
eride concentrations compared with placebo. Besides, zinc and chromium reduced 
fasting glucose and VLDL-C concentrations.

14.3 Chinese Herbal Medicine (CHM)

Recently, many studies have been published considering CHM as an alternative 
treatment for women with PCOS [29]. In both developed and developing countries, 
there is an increasing public interest in, and use of, a wide range of therapies which 
lie outside the ‘mainstream’ or traditional Western medical practice [30]. To be 
more intuitive, 99% of 648 women responded ‘yes’ when asked whether they would 
be interested if their PCOS could be safely and effectively helped by something else 
besides fertility drugs or birth control pills [30].

14.3.1  Traditional Chinese Medicine (TCM)

TCM is a well-defined healthcare profession with its practice of acupuncture and 
herbal medicine guided by a coherent and an evolving body of knowledge and 
underpinned by its unique philosophy, holism and ongoing scientific endeavour 
[31]. Basic knowledge of TCM includes the philosophy, medical theories, diagnos-
tic system, therapeutic studies including acupuncture or medicinal substances and 
clinical studies [32]. The major theories of TCM include the Yin-Yang, the Five 
Elements, Qi and Blood and Zang-fu organ theories. In TCM, the understanding of 
the human body is based on the holistic understanding of the universe as described 
in Daoism, and the treatment of illness is based primarily on the diagnosis and dif-
ferentiation of syndromes.

CHM acts on Zang-fu organs internally, and acupuncture is accomplished by 
stimulating certain areas of the external body [32]. Chinese medical theory includes 
traditional physiological concepts, maintenance of health, processes in the develop-
ment of disease and approaches to therapy. Body and mind are viewed as part of a 
broader ecological system which includes both environmental and socio-emotional 
factors [32]. The diagnostic system involves the identification of the disease state 
and the underlying symptom pattern (zheng). This is often referred to as a dual 
diagnostic system (bian zheng lun zhi) [32]. Accurate diagnosis of both the disease 
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and the symptom pattern type is essential for setting treatment priorities and deter-
mining the treatment.

CHM is an integral part of TCM [33], which has been practiced for more than 
2500 years. It was the only way of healthcare in China before the introduction of 
modern Western medicine into China. In China today, TCM is often administered as 
a complement to Western medicine. While TCM traces its roots back thousands of 
years, it rests, from the view of evidence-based medicine, more on a philosophy 
than a science. Much of the central philosophy involves maintaining the balanced 
flow of life energy (qi). TCM views organ systems as contributing to mind-body 
states and tries to address imbalances of these organ systems [34]. In TCM, all dis-
eases are classified into different syndromes (such as deficiency or excess) [34]. 
Thus, PCOS can be classified as two diseases: amenorrhoea (failure to menstruate) 
and infertility according to the presentations (symptoms and signs) of women with 
PCOS [30]. Even so, it is also aimed to elevate outcomes such as pregnancy rate of 
PCOS by using CHM.

TCM is based on Chinese medical practice including various forms of herbal 
medicine, acupuncture, massage (tui na), exercise (qigong) and dietary therapy, but 
we will just discuss the herbal medicine and the phytotherapy in this chapter. 
Traditionally, CHMs are combined in varying preparations. Although some prepa-
rations are regulated by the government, there remain concern about quality control 
of individual formulations, given the variation in plant quality from harvest to har-
vest, and concerns about harmful supplements or by-products of preparation such as 
heavy metals, herbicides, pesticides, microorganisms, mycotoxins, insects, pharma-
ceuticals, etc. [35, 36]. CHMs also include many animal by-products that we will 
not discuss in detail in this chapter too. For example, a common preparation used to 
induce ovulation in women with PCOS is Di Long (earth dragon), which is made 
from abdominal extracts of the red earthworm Lumbricus rubellus [34].

14.3.2  Physiological Mechanisms of CHMs

The aetiology and clinical characteristics of PCOS still remain controversial but are 
believed to be related to the disorders of kidneys, liver and spleen, and from TCM 
perspective, reproductive function is regarded as being governed by kidneys. It is 
believed that kidney deficiency may be the main problem in PCOS [37, 38].

Currently, the physiological mechanisms for efficacy of most CHMs are unknown 
in PCOS [34]. Our searches in Chinese databases identified 125 clinical trials using 
CHM either alone (54 studies) or in combination with conventional drugs (71 stud-
ies) for treatment of PCOS (unpublished data). The majority of the studies were 
RCTs. The formulation of herbal medicine was mainly based on symptom differen-
tiations, and herbal compounds (mixture of herbs) were typically used. Critical 
appraisals of 15 trials show improvement of the methodological quality in terms of 
randomisation, blinding and intention to treat in recent trials. Most of the identified 
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trials reported promising effects for PCOS patients. The potential action of herbal 
medicine in PCOS may be related to regulation of hormones such as LH, FSH, 
oestradiol and testosterone. However, publication bias could not be excluded, and 
further analysis of data in systematic reviews is required [32].

Many may have selective oestrogenic effects and function like clomiphene citrate 
(CC; see Chap. 9) to induce ovulation. For example, Rhizoma alismatis has been 
found in an in vitro tissue model to inhibit intestinal glucose absorption and  
stimulate glucose uptake in fibroblasts and adipocytes [39]. Furthermore, in a 
streptozotocin-induced diabetes mouse model, it lowers plasma glucose and triglyc-
erides and improves insulin levels [40]. Other CHMs, such as Radix notoginseng, 
have been found to have similar antidiabetic effects in mouse models, improving not 
only glucose tolerance and insulin action in a dose-response fashion but also ame-
liorating obesity [41]. Similarly, Salvia miltiorrhiza bunge has been shown to sig-
nificantly improve glucose tolerance in a prenatally androgenised rat model of 
PCOS and to favourably impact insulin signalling in treated animals [42]. Berberine, 
a component of Rhizoma coptidis, has been shown to improve glucose uptake and 
insulin action in human thecal cells with dexamethasone-induced IR. These favour-
able changes in glucose metabolism have also been shown to favourably alter sex 
steroid feedback or production, ameliorating hyperandrogenism in these models 
[43]. Additionally, antioxidant activity has been noted in vitro for a number of these 
substances [44, 45].

14.3.3  CHM Formulae

In TCM, there are three different therapeutic strategies to treat PCOS by 
CHM. Firstly, only one special formula comprising of sovereign medicinal (the 
ingredient that provides the principal curative action on the main pattern/syndrome 
or primary symptom) is prescribed to patients throughout the whole menstrual 
cycle. This formula is occasionally combined with some minister medicinal (the 
ingredient that helps strengthen the principal curative action) and assistant medici-
nal (the ingredient that treats the combined pattern/syndrome, relieves secondary 
symptoms or tempers the action of the sovereign ingredient when the latter is too 
potent) accordingly to one’s individual symptoms and signs [46–53]. Secondly, dif-
ferent formulae are periodically prescribed to patients with PCOS according to indi-
vidual’s menstrual period cycle. This strategy is aimed to resume one’s normal 
reproductive endocrinological function [54, 55]. Last but not least, CHMs are used 
to combine with the Western medicines in treating PCOS [56–60].

Some of the formula can help treat the PCOS, for example, Bushen Huoxue for-
mula, and its basic formula is as follows: tu si zi 20 g, shu di 10 g, sang ji sheng 20 g, 
xian ling pi 15 g, bu gu zhi 10 g, huang jing 10 g, zao jiao ci 15 g, tao ren 10 g, shan ci 
gu 10 g, dan shen 10 g, gan cao 6 g plus huang qi 20 g, shan zha 10 g, fa ban xia 10 g 
in obese patients plus zhi mu 10 g, huang qin 10 g in hirsutism or acne patients [61].
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Tanshinones are a class of bioactive constituents isolated from S. miltiorrhiza 
(danshen), which is a commonly used herb in TCM. Cryptotanshinone is the major 
bioactive tanshinone in the plant and has several pharmacological effects including 
anti-inflammatory, anti-oxidative, anticholinesterase, antibacterial and antiplatelet 
aggregation and anticancer activities [62–64]. CHM has been used for the treatment 
of PCOS, but the evidence for its efficacy and safety is minimal. Animal experi-
ments showed that cryptotanshinone can induce favourable alterations in androgen 
excess and IR as well as glucose metabolism [65], but there is still a lack of scien-
tific justification for the use of tanshinone in women with PCOS. In particular, no 
randomised controlled trials have been performed to evaluate the use of tanshinone 
on hyperandrogenism, metabolic profiles or the quality of life in women with PCOS 
who do not wish to conceive.

Cinnamon is obtained from the inner bark of several trees from the genus 
Cinnamomum. In TCM, cinnamon can be used for the treatment of amenorrhoea 
caused by kidney deficiency. Cinnamon has been found to have insulin-sensitising 
effects in both animal and human studies [20, 66, 67]. Besides, in a prospective trial, 
compared with the control group, patients taking cinnamon had a more frequent 
menstruation [68]. But the specific mechanism is still not clear.

Berberine, the major active component of Rhizoma coptidis, exists in a number of 
medicinal plants and displays a broad array of pharmacological effects [69]. In 
Chinese medicine, berberine has long been used for its antidiabetic effects. Recently, 
berberine has been shown to have positive effects on type 2 diabetes mellitus, IR, 
lipid metabolism, nitric oxide production and metabolic syndrome [70–73]. The 
mechanisms of berberine in treating PCOS are still unclear. The beneficial metabolic 
effects of berberine in diabetic animals and type 2 diabetes mellitus patients are 
through the activation of AMP-activated protein kinase (AMPK) [72, 74], which is 
similar to metformin.

14.3.4  Limitations of Studies on CHM

CHMs have been used as an alternative approach for subfertile women with PCOS 
[30]. However, efficacy and safety hamper the development of CHMs because there 
is minimal evidence that CHMs are safe and efficacious. Most of the trials have 
been small and thus inadequately powered to detect true differences. Most, not sur-
prisingly, have been conducted mainly in Chinese populations and published in 
Chinese and thus are not easily accessible [34]. The studies have also tested a large 
number of varying preparations (most containing multiple components), and thus 
there has been little to no replication for individual preparations (Table 14.1).

The studies have been of poor methodological quality without adherence to 
existing Consolidated Standards of Reporting Trials (CONSORT) guidelines [34]. 
This is well illustrated by systematic reviews of CHM in subfertile women with 
PCOS [30] and patients with IGT [75] and type 2 diabetes mellitus [37], disorders 
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related to PCOS because of the common underlying link of IR (Table 14.2). 
Although there is currently insufficient evidence about the safety and efficacy of 
CHM for the management of PCOS, a systematic review in this area was warranted. 
No systematic review on this topic has ever been done. What’s more, there is limited 
evidence that the addition of CHM to CC have improved clinical pregnancy out-
comes but no other evidence of an effect.

Besides, it is well known that not all herbs are risk free. There are concerns about 
adverse events, including allergic reactions and Chinese herbal nephropathy (CHN) 
[76–78]. For example, Gancao or licorice, given chronically or in excess, can cause 
an acquired form of apparent mineralocorticoid excess, as it is a potent inhibitor of 
11β-hydroxysteroid dehydrogenase. This enzyme inactivates cortisol to cortisone, 
and decreased inactivation, especially in the kidney, can lead to excess cortisol cross-
reacting with the mineralocorticoid receptor, which induces fluid retention, hypoka-
laemia and hypertension [79]. In addition, CHMs may interfere with the metabolism 

Table 14.1 Some of CHMs used to treat PCOS, their proposed mechanisms of action and their 
reported side effects [34]

Mechanism
Chinese 
name Latin name English name Adverse effects

Improve insulin 
sensitivity

Baishao Radix paeoniae 
Alba

White peony root Uterine contractions, 
interfere with blood 
clotting

Danggui Radix angelicae 
Sinensis 

Angelica Uterine contractions

Danshen Salvia 
miltiorrhiza 
Bunge 

Red sage May interact and 
potentiate effects 
of warfarin

Huang 
Lian

Rhizoma 
coptidis

Red sage Hypertension, 
respiratory failure, 
paraesthesias

Induce 
ovulation 
(through 
oestrogenic 
effects)

Luole Ocimum 
basilicum

Basil Contains a chemical, 
estragole, which has 
caused liver cancer 
in mice

Sanqi Radix 
no-toginseng

Panax pseudo 
ginseng

Dry mouth, flushed 
skin, nervousness, 
sleep problems, 
nausea and vomiting

Inhibit androgen 
synthesis

Zelan Herba lycopi Bugleweed Enlarged thyroid 
gland, hypoglycaemia

Zexie Rhizoma 
alismatis

Water plantain Fresh rootstock may 
be poisonous

Gancao Radix 
glycytthizae

Licorice Hypertension, fluid 
retention, 
hypokalaemia 
exacerbated kidney 
disease
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of other drugs used to treat PCOS. For example, plantain has been proposed to inter-
fere with many commonly prescribed medications such as digitoxin and tricyclic 
antidepressants, although at least one study shows no clinical interactions [80].

Table 14.2 List of systematic reviews of CHM for treatment of PCOS and disorders of glucose 
metabolism including type 2 diabetes [34]

Topic

Total no. 
of 
studies 
retrieved

Total 
studies 
included 
in 
Cochrane 
review

Total no. 
of 
studies 
in 
Chinese

Total no. 
of 
subjects 
in 
included 
studies

Total no. of 
preparations 
tested in 
trials Main conclusions

Subfertile 
PCOS [24]

267 4 4 334 6 Limited evidence that 
addition of CHM to 
clomiphene is 
associated with 
improved clinical 
pregnancy outcomes 
and no other evidence 
of any other effect. 
Methodology of 
RCTs was not 
adequately reported.

Impaired 
fasting 
glucose 
(IFG) or 
impaired 
glucose 
tolerance 
(IGT) [61]

1926 16 15 1391 15 Some positive 
evidence favours 
CHM for treatment 
of IGT or 
IFG. Limited by the 
following factors: 
lack of trials that 
tested the same 
herbal medicine, lack 
of details on 
cointerventions, 
unclear methods of 
randomisation, poor 
reporting and other 
risks of bias.

Type 2 
diabetes 
[31]

713 66 61 8302 69 Some herbal 
medicines show 
hypoglycaemic effect 
in type 2 diabetes. 
However, these 
findings are limited 
by low 
methodological 
quality, small sample 
size and limited 
number of trials.
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 Conclusion
Some of the supplements may have positive effects on PCOS, but there was 
insufficient evidence to determine the efficacy of them. Furthermore, in daily 
life, women with PCOS can consume more vitamin D, vitamin B12 and EGCG or 
other components through dietetic invigoration, or they can visit a professional 
TCM doctor for treatment based on different syndrome. Last but not least, more 
well-designed larger trials should be carried out to ensure the efficacy and safety 
of these supplements. The scientists should also explore the mechanism of CHM.
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15Laparoscopic Ovarian Drilling

Hatem Abu Hashim

15.1  Introduction

Not surprisingly, polycystic ovary syndrome (PCOS) still poses a challenge not 
only for clinicians but also for researchers. Figure 15.1 represents an overview of 
the current magnitude of the problem of PCOS [1]. Historically speaking, surgical 
treatment of infertile women with PCOS by laparotomy and ovarian wedge resec-
tion was first reported by Stein and Leventhal in 1935 with promising results [2]. 
Three decades later, this procedure was abandoned because of the risk of postopera-
tive pelvic adhesions and replaced by medical ovulation-inducing agents such as 
clomiphene citrate (CC) and gonadotrophins [3]. However, surgical treatment of 
infertile women with PCOS was successfully revived by Halvard Gjönnaess in 
1984 in the form of laparoscopic ovarian drilling (LOD) with subsequent ovulation 
and pregnancy rates of 92% and to 80%, respectively [4]. Since that time, this mini-
mally invasive and less traumatic modern version of ovarian wedge resection using 
either electrocautery (diathermy) or laser has continued to play an essential part in 
management of infertile women with PCOS [3].

Although LOD is recommended as a second-line treatment in infertile PCOS 
women who have CC resistance, LOD has been also proposed as first-line approach 
for PCOS-related anovulation or as an adjuvant therapy before in vitro fertilisation 
(IVF) cycles [3, 5, 6]. LOD seems to be as effective as gonadotrophin treatment 
without an increased risk of multiple pregnancy or ovarian hyperstimulation syn-
drome (OHSS) [3, 5, 6]. Owing to the remarkable advancement in information about 
the pathophysiology of PCOS in the last two decades, several oral ovulation induc-
tion drugs for CC-resistant PCOS were introduced such as metformin [7], CC plus 
metformin [8], CC plus tamoxifen [9], rosiglitazone plus CC [10] and aromatase 
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inhibitors [11, 12]. These agents vary in efficacy, treatment duration and patient com-
pliance (see also Chaps. 9, 10 and 11). Moreover, with practicing LOD as a day-care 
procedure, we must ensure the primum non nocere principle, i.e. the intervention 
must be safer than potentially efficacy.

In this context, the focus of interest of this chapter is to evaluate the efficacy of 
LOD vs. oral ovulation induction treatments, assess predictors of LOD response, 
critically evaluate unilateral LOD, assess the efficacy of ovarian restimulation 
after LOD and finally address concerns with regard to possible risks of postopera-
tive adhesions and damage on the ovarian reserve. Other aspects about potential 
mechanisms of action, surgical technique and dose response as well as other 
potential roles of LOD as a first-line or an adjuvant procedure before IVF will be 
also included.

15.2  Surgical Technique and Mechanism of Action

LOD is most commonly performed using a monopolar diathermy needle electrode 
[13]. The lowest effective number of ovarian drills sparked a heated discussion in 
the previous three decades [3]. In the original LOD technique, ovulation occurred 
more frequently if ten or more punctures were performed in the two ovaries together 
with each puncture having a diameter of ~3 mm and a depth of 2–4 mm using a 
power setting of 200–300 W for 2–4 s [4]. Subsequently, the occurrence of 
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Fig. 15.1 An overview of the magnitude of the problem of PCOS. ESHRE, European Society of 
Human Reproduction and Embryology; ASRM, American Society of Reproductive Medicine. 
(Reprinted from Archives of Gynecology and Obstetrics, Volume 291, Issue 1, Hatem Abu Hashim, 
Predictors of success of laparoscopic ovarian drilling in women with polycystic ovary syndrome: 
an evidence-based approach, Page 12, ©Springer-Verlag Berlin Heidelberg 2014, with permission 
from Springer)
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postoperative pelvic adhesions and ovarian failure were reported as major short-
comings after increasing the number of drills [14, 15]. Armar et al. [16, 17] brought 
to light the widely adopted practice of delivering 640 Joules (J) per ovary (4 punc-
tures × 4 s × 40 W) as the lowest effective dose with an ovulation and pregnancy 
rates of 86%. These findings were subsequently confirmed by Amer et al. [18]. An 
ovulation and pregnancy rates of 67% were reported using four punctures to deliver 
600 J per ovary (4 punctures × 5 s × 30 W = 600 J) [18].

Various hypotheses have been proposed to explain the ovulation induction mech-
anism of LOD. It is strongly believed to be similar to ovarian wedge resection, i.e. 
the destruction of ovarian follicles and the ovarian stromal elements causes a fall 
in local and serum androgens as well as inhibin levels, leading to an increase in the 
follicle-stimulating hormone (FSH) secretion promoting follicular growth through 
negative feedback mechanisms [1, 3, 19]. A surgery-mediated increased ovarian 
blood flow releasing a cascade of local growth factors, such as insulin-like growth 
factor 1 (IGF1), interacting with FSH is thought to allow follicular growth, matura-
tion and subsequent ovulation [1].

15.2.1  Unilateral vs. Bilateral LOD

Farquhar et al. [13] in a recent Cochrane review looked at five randomised con-
trolled trials (RCTs) which compared unilateral LOD (ULOD) with bilateral LOD 
(BLOD) [20–24]. No significant differences were reported between unilateral and 
bilateral drilling with regard to ovulation rate [76% vs. 72%; odds ratio (OR) 1.20, 
95% confidence interval (CI) 0.59–2.46], pregnancy rate (51.7% vs. 50.5%; OR 
1.00, 95% CI 0.55–1.83), live birth rate (36.4% vs. 41%; OR 0.83, 95% CI 0.24–
2.78) or miscarriage rate (9.2% vs. 9%; OR 1.02, 95% CI 0.31–3.33) [13]. Therefore, 
a suggested recommendation to apply a ULOD rather than a BLOD is generally 
concordant with these data.

15.2.2  Fixed vs. Dose-Adjusted Energy

The concept of using an adjusted thermal dose, i.e. to tailor the energy according to 
the preoperative ovarian volume, was recently tested in an RCT by Zakherah et al. 
[25] among 120 PCOS patients with CC resistance. The energy received by the 
adjusted thermal dose group was a mean dose calculated from four studies [16, 18, 
26, 27], i.e. 625 J/10.8 cm3 = 60 J/cm3 of ovarian tissue. Consequently, the required 
number of ovarian drills was calculated by dividing the total individual ovarian dose 
(based on the measured preoperative ovarian volume with transvaginal sonography) 
to the dose delivered in each puncture point (1 puncture × 5 s × 30 W = 150 J). The 
authors reported a better reproductive outcome in the adjusted diathermy dose group 
compared with the fixed thermal dosage group who received 600 J per ovary through 
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four ovarian punctures regardless of ovarian volume. The ovulation and pregnancy 
rates were 81.8% vs. 62.2% and 51.7% vs. 36.8%, respectively. Also, more patients 
resumed regular cycles in the adjusted diathermy dose group (87.9% vs. 75.4%) [25].

More recently, the impact of a unilateral dose-adjusted LOD (using 60 J/cm3 
applied to the larger ovary) compared to BLOD (with fixed doses of 1200 J, i.e. 600 J 
per ovary) on reproductive outcome has been investigated [28, 29]. In a prospective 
longitudinal study, Sunj et al. [28] addressed this issue among 96 infertile PCOS 
women with CC resistance who were divided into a ULOD group (applied to right 
ovary, n. 49) and a BLOD group (n. 47). Patients in the ULOD group received vari-
ous numbers of drills and varying thermal doses in the right ovary, while those in the 
BLOD group received the same number of drills (five punctures/ovary) and thermal 
doses in both ovaries (5 punctures × 4 s × 30 W = 600 J/ovary). The thermal dose 
received by the ULOD group was a mean dose calculated from three ULOD studies 
[21, 22, 24], i.e. 627 J/10 cm3 or 60 J/cm3. The number of punctures per ovary was 
calculated according to the following formula: 60 J/cm3 divided by 30 W × 4 s. Both 
groups were followed up for 6 months to assess the ovulatory response [28].

A significantly higher ovulation rate during the first menstrual cycle after LOD 
was reported in the ULOD group than in the BLOD group [73% vs. 49%; absolute 
risk reduction (ARR) 20.25; 95% CI 20.44 to 20.03]. Meanwhile, the increase in the 
ovulation rate over the 6-month period after LOD in the ULOD group over that in 
the BLOD group was borderline (82% vs. 64%; ARR 20.18; 95% CI 20.35 to 0.02). 
In the ULOD group, a significantly increased ovulation rate was demonstrated in 
patients with a larger right ovary compared with those who had a smaller right ovary 
(100% vs. 36%; ARR 20.64; 95% CI 20.84 to 20.37). Noteworthy, the same obser-
vation was reported in the BLOD group (88% vs. 33%; ARR 20.55; 95% CI 20.73 
to 20.28). The pregnancy rate was also significantly higher in patients with a larger 
right ovary in both treatment groups. The authors concluded that ULOD using 
adjusted thermal doses (60 J/cm3) is more efficient in CC-resistant PCOS women 
than BLOD using fixed doses. They admitted the need for future research to exam-
ine the long-term differences in the ovulation beyond 6 months as well as to inves-
tigate whether ULOD treatment of the larger ovary, either left or right, would 
significantly increase the ovulation rate [28].

In a recent RCT, Rezk et al. [29] addressed the same question among 105 patients 
with CC-resistant PCOS. Dose-adjusted ULOD applied to the larger ovary following 
the formula described by Sunj et al. [28] had comparable ovulation and pregnancy 
rates to fixed-dose BLOD at 3-month follow-up period (65.4% vs. 77.3% and 15.4% 
vs. 26.4%, respectively) [29]. However, they were significantly higher in BLOD at 
6-month follow-up period (58.5% vs. 32.7% and 49.1% vs. 11.5%, for ovulation and 
pregnancy rates, respectively), i.e. dose-adjusted ULOD applied to the larger ovary 
was associated with a reduction in its effectiveness after 6 months [29].
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15.3  Indications and Efficacy Data

15.3.1  Efficacy Data in CC-Resistant PCOS

In a recent Cochrane review of subfertile PCOS women with CC resistance, 
Farquhar et al. [13] examined the efficacy of new treatment strategies, i.e. insulin- 
sensitising drugs and aromatase inhibitors, as compared to LOD. The authors 
looked at 25 RCTs. The primary outcomes were live birth and multiple pregnancy 
rates, while secondary outcomes were ovulation, pregnancy, miscarriage and 
OHSS rates. They reported no evidence of a significant difference in live births 
when LOD was compared with CC plus tamoxifen (OR 0.81, 95% CI 0.42–1.53) 
or compared with aromatase inhibitors (OR 0.84, 95% CI 0.54–1.31). Although 
there was evidence of significantly fewer live births following LOD compared with 
CC plus metformin (OR 0.44, 95% CI 0.24–0.82), there was no evidence of a sig-
nificant difference in ovulation and pregnancy rates when LOD was compared to 
CC plus metformin (OR 0.89, 95% CI 0.27–2.93 and OR 0.79, 95% CI 0.53–1.18, 
respectively), CC plus tamoxifen (OR 1.34, 95% CI 0.68–2.63 and OR 0.97, 95% 
CI 0.59–1.59, respectively), aromatase inhibitors (OR for ovulation rate was not 
included; OR 0.89, 95% CI 0.58–1.37 for pregnancy rate) or rosiglitazone plus CC 
(OR 0.67, 95% CI 0.13–3.44 and OR 0.75, 95% CI 0.23–2.50, respectively) [13]. 
A significant benefit in favour of LOD in terms of pregnancy was only found when 
compared to metformin therapy alone (OR 2.47, 95% CI 1.05–5.81) [13, 30]. 
Notably, as regards the secondary outcomes, i.e. ovulation, pregnancy, miscarriage 
and OHSS rates, no difference was found when LOD was compared with any of 
these treatments [13]. Importantly, no significant difference in live birth, clinical 
pregnancy or spontaneous abortion rates was reported for women treated with 
LOD compared with gonadotrophins (OR 0.97, 95% CI 0.59–1.59; OR 1.01, 95% 
CI 0.72–1.32; and OR 0.73, 95% CI 0.40–1.33, respectively). However, the num-
ber of multiple pregnancies was lower after LOD compared with gonadotrophins 
(OR 0.13, 95% CI 0.03–0.52) [13].

In the light of the aforementioned evidence-based meta-analysis, these alterna-
tive medical choices should be tried first to induce ovulation in CC-resistant 
PCOS patients. Only when these regimens fail should a LOD be envisaged. 
Noteworthy, the final choice should be individualised considering what is avail-
able in a country or clinic as well as each woman’s own perspective and circum-
stances, e.g. economics; side effects; the need to receive a laparoscopic approach 
for other reasons of infertility, e.g. tubal factor; endometriosis; etc. This is the 
essence for a successful evidence-based medicine practice being “the conscien-
tious, explicit and judicious use of current best evidence in making decisions”  
[7, 31] (Fig. 15.2).
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15.3.2  Other Potential Roles

LOD as a first-line therapy in PCOS may offer several theoretical advantages par-
ticularly resumption of mono-ovulatory cycles and avoiding of the anti-oestrogenic 
effects of CC. However, these suggested benefits were not clinically relevant when 
tested in comparison with six cycles of CC in an RCT [32]. In fact, no significant 
difference in the ovulation rate either per woman (64% vs. 76%) or per cycle (70% 
vs. 66%), pregnancy rate per woman (27% vs. 44%), cumulative pregnancy rate 
(52% vs. 63%) and live birth rate (46% vs. 56%) after 12-month follow-up.

Another merit suggested after LOD is increased responsiveness of the ovary to oral 
ovulation induction agents and gonadotrophins [33–35]. In a prospective study, we 
investigated the effect of ovarian restimulation by CC among 84 PCOS patients with 
CC resistance who remained anovulatory after LOD [36]. Ovulation and pregnancy 
were achieved in 35.7% and 15.5% of them, respectively. Noteworthy, hyperan-
drogenism and insulin resistance appeared to be negative predictors of ovulation [36]. 
Increased ovarian sensitivity to gonadotrophins after LOD was also reported in a ret-
rospective study among 22 CC-resistant PCOS women who failed to achieve ovula-
tion or conceive after LOD [37]. Ovulation and pregnancy rates increased significantly 
after LOD. In addition, a significant reduction of the number of ampules, daily effec-
tive dose and duration of the induction phase with gonadotrophins were reported [37].

Another argument is that LOD might work as an adjuvant procedure before IVF. In 
two recent retrospective studies, a lower incidence of OHSS was observed in PCOS 
patients undergoing IVF after LOD in comparison with untreated controls [38, 39]. 
Potential mechanisms proposed were reduction in ovarian blood flow velocity and 
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serum vascular endothelial growth factor (VEGF) concentrations following LOD 
[40–42]. This finding is in agreement with an RCT on 50 PCOS patients which 
showed that LOD can reduce the cancellation rate due to OHSS during controlled 
ovarian hyperstimulation (COH) for IVF treatment [43]. Nevertheless, the incidence 
of moderate or severe OHSS was not different between groups (4% vs. 16%; OR 0.22, 
95% CI 0.02–2.11), as well as the pregnancy (36% vs. 32%; OR 1.20, 95% CI 0.37–
3.86) and live birth (24% vs. 20%; OR 1.26, 95% CI 0.33–4.84) rates [13, 43].

15.4  Predictors for Poor Outcome

Lack of response to LOD has been reported in ~30% of anovulatory PCOS women. 
This is identified by lack of menstruation and persistent anovulation 8 weeks after 
the procedure as evidenced by the low mid-luteal serum progesterone levels and 
negative pregnancy test [33, 44]. Therefore, before embarking on LOD, it is of para-
mount importance to utilise the existing evidence-based data concerning its predic-
tors of success to ensure better outcome as well as to avoid possible risk of 
impairment of ovarian reserve and other complications. In this context, it is worth 
remembering the quote of Sir Winston Churchill “failure to plan is planning to fail”. 
In a recent publication, we evaluated different clinical, biochemical and ultrasono-
graphic parameters that might help in predicting ovulation and/or pregnancy after 
LOD [45–55] (Table 15.1). We demonstrated that predictors of poor response to 
LOD in PCOS women with CC resistance and polycystic ovary morphology 
(PCOM) are a body mass index (BMI) higher than 25 kg/m2, a duration of infertility 

Table 15.1 Studies addressing predictors of ovulation and/or pregnancy after LOD in women 
with PCOS

Reference Study design Case Control Outcome
Baghdadi 
et al. 
(2012) 
[45]

Meta-analysis 879 PCOS 
(BMI < 25 kg/m2)

905 PCOS 
(BMI > 25 kg/m2)

Lean PCOS women 
respond better to LOD 
than obese ones (RR 
1.43, 95% CI 
1.22–1.66; RR 1.73, 
95% CI 1.39–2.17 for 
ovulation and 
pregnancy rates, 
respectively)

Kirpalini 
et al. 
(2001) 
[46]

Prospective 
with multiple 
logistic 
regression 
analysis

70 (CC-resistant 
PCOS)

/////////////// Better pregnancy rates 
with:
• Preoperative serum 
LH levels (>10 IU/L)
• Short duration of 
infertility (<3 years)
• Absence of pre-
existing tubal disease

(continued)
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Table 15.1 (continued)

Reference Study design Case Control Outcome

Ott et al. 
(2009) 
[47]

Retrospective 
with uni- and 
multivariate 
regression 
analysis

100 (CC-resistant 
PCOS, pretreated 
with metformin)

////////////////// Preoperative serum 
high LH (≥12.1 IU/l) 
and androstenedione 
(≥3.26 ng/ml) levels 
are independent 
predictors of 
spontaneous ovulation 
within 3 months after 
LOD

Ott et al. 
(2014) 
[48]

Prospective 
with 
multivariate 
regression 
analysis

21 (CC-resistant 
PCOS)

8 (diagnostic 
laparoscopy for 
infertility)

• Significantly higher 
rates of postoperative 
spontaneous ovulation 
rates with higher 
preoperative 
androstenedione (OR 
6.53), LH levels (OR 
7.31) and secondary 
infertility (OR 5.40)
• Intraoperative 
androstenedione 
kinetics are not useful 
predictors of 
postoperative ovulation

Van 
Willey 
et al. 
(2005) 
[49]

Prospective 
with 
multivariate 
logistic 
regression 
analysis

83 (CC-resistant 
PCOS)

/////////////// Poor ovulatory 
response to LOD if 
LH/FSH ratio < 2, 
menarche <13 years 
and glucose level 
<4.5 mmol/l

Amer 
et al. 
(2004) 
[50]

Retrospective 
with multiple 
logistic 
regression 
analysis

200 PCOS (161 CC 
resistant; 39 CC 
failure)

///////////////// Marked obesity(BMI 
≥35 kg/m2), marked 
hyperandrogenism 
(serum T concentration 
≥4.5 nmol/l, free 
androgen index ≥15) 
and/or long duration of 
infertility (>3 years) 
seems to predict poor 
response to LOD

Kato et al. 
(2007) 
[51]

Prospective 
study

19 CC-resistant 
PCOS women with 
high testosterone 
level, using a cut-off 
value of 50 ng/dl

13 CC resistant–
PCOS women 
with normal 
testosterone level

Comparable rates of 
spontaneous ovulation 
(84.2% vs.69.2%) and 
pregnancy (42.1% vs. 
76.9%) after LOD 
between both groups
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longer than 3 years, basal luteinising hormone (LH) levels lower than 10 IU/L, 
marked biochemical hyperandrogenism (testosterone levels ≥4.5 nmol/L, free 
androgen index > 15) and high basal anti-Mullerian hormone (AMH) ≥7.7 ng/mL 
[1]. Other data show the best reproductive outcomes following LOD in normal-
weight and young (≤30 years) patients with a short duration of infertility (≤3.5 years) 
[45].

Table 15.1 (continued)

Reference Study design Case Control Outcome

Alborzi 
et al. 
(2001) 
[52]

Comparative 
study

211 CC-resistant 
PCOS with ovarian 
volume >8 cm3 or 
cross-sectional area 
>10 cm2

160 CC-resistant 
PCOS with 
normal size ovary

Comparable rates of 
ovulation (90.99% vs. 
88.75%) and 
pregnancy (73.45% 
vs.71.25%) in both 
groups, i.e. ovarian 
size is not a prognostic 
factor for LOD 
response in 
CC-resistant PCOS

Kong 
et al. 
(2011) 
[53]

Retrospective 
study

19 PCOS patients 
with metabolic 
syndrome

70 PCOS patients 
without metabolic 
syndrome

Comparable rates of 
ovulation (68% vs. 
61%) and cumulative 
pregnancy (68% vs. 
61%) in both groups, 
i.e. patients with 
metabolic syndrome 
should not be 
precluded from LOD

Amer 
et al. 
(2009) 
[54]

Prospective 
study with 
multivariate 
logistic 
regression 
analysis

29 anovulatory 
PCOS patients 
undergoing LOD

18 anovulatory 
PCOS patients 
had CC

Pretreatment 
circulating AMH level 
≥7.7 ng/ml had a 
sensitivity of 78% and 
a specificity of 76% in 
the prediction of no 
ovulation after LOD

Elmashad 
(2011) 
[55]

Prospective 
study

23 CC-resistant 
PCOS patients 
undergoing LOD

20 healthy fertile 
women

Women who ovulated 
after LOD had a 
significantly lower 
preoperative AMH, 
compared with the 
nonresponders [median 
value and range; 6.3 
(5.1–6.9) vs. 11.9 
(11.1–13.6)]

AMH anti-Mullerian hormone, BMI body mass index, CC clomiphene citrate, LH luteinising hor-
mone, LOD laparoscopic ovarian drilling, PCOS polycystic ovary syndrome, RR relative risk, T 
testosterone
Reprinted from Archives of Gynecology and Obstetrics, Volume 291, Issue 1, Hatem Abu Hashim, 
Predictors of success of laparoscopic ovarian drilling in women with polycystic ovary syndrome: 
an evidence-based approach, Page 13, ©Springer-Verlag Berlin Heidelberg 2014, with permission 
from Springer
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15.5  Safety Concerns

The use of LOD did open an avenue for ovulation induction but with inherent risks 
of general anaesthesia and surgical risks of laparoscopy, e.g. visceral and vessel 
injuries, gas complications, etc. In addition, the main shortcomings of LOD are the 
risk of postoperative adhesions and the concern about a negative impact of the pro-
cedure on the ovarian reserve secondary to excessive ovarian damage [3, 27, 56]. 
Therefore, we must ensure the primum non nocere principle if LOD will be envis-
aged, i.e. it will not harm the patient by any iatrogenic complication.

15.5.1  Peritoneal Adhesions

The rate of periadnexal adhesions following LOD and the effect of these adhe-
sions on pregnancy rates were evaluated in a recent review by Api [57]. The 
author looked at 16 articles in the period from 1984 to 2012. Postoperative adhe-
sion rates were reported to be 0–100% (mean 35.5%, 95% CI 30.8 to 40.4), while 
pregnancy rates after the procedure in these articles were 35–87% (mean 64.3%, 
95% CI 58.2 to 70.7) of the cases. Moreover, the rate of postoperative adhesions 
was not reduced by the different adhesion prevention measures utilised during or 
after the procedure. Therefore, it was concluded that the incidence of periad-
nexal adhesions after LOD does not represent a major constraint in its success 
story [57].

15.5.2  Ovarian Reserve

A possible risk of diminished ovarian reserve after LOD cannot be ignored. Flyckt 
and Goldberg [58] reported that these negative concerns have not been supported by 
the existing data. Other authors have pointed out that most of the changes in the 
ovarian reserve markers observed after LOD could be interpreted as normalisation 
of ovarian function rather than a reduction of ovarian reserve [59]. AMH is a glyco-
protein related to the transforming growth factor-β (TGF-β) family. Being an exclu-
sive product of granulosa cells of primary, pre-antral and small antral follicles 
(4–6 mm), serum AMH concentration has been considered as an important marker 
of ovarian reserve [60–63]. Serum AMH is two- to fourfold higher in women with 
PCOS than in healthy women [62–66]. This is because ovaries with PCOM exhibit 
an increased number of AMH-producing small antral follicles [60, 67] and increased 
production per granulose cells [68, 69]. Notably, AMH production from granulose 
cells was 75 times higher in anovulatory PCOS and only 4 times higher in ovulatory 
PCOS than normal ovaries [68]. The AMH overproduction of ovaries of PCO mor-
phology (PCOM) has been inflicted for the anovulatory infertility in women with 
PCOS owing to its inhibitory effect on primordial follicle recruitment as well as 
lowering follicular sensitivity to the circulating FSH as shown in both mouse and 
human ovaries [70–72] (see also Chap. 8).
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Noteworthy, the use of serum AMH as predictor of ovarian response to CC [73, 
74], letrozole [75], gonadotrophins [76] and LOD [54, 55] in women with PCOS 
has recently garnered special interest of researchers. In an RCT, Amer et al. [54] 
evaluated this point among 29 anovulatory women with PCOS for whom LOD was 
performed as a first-line treatment compared with CC. The pretreatment median 
(range, ng/ml) plasma AMH concentrations in the LOD group were 6.1 (1.0–21.0). 
The authors found that women who ovulated after LOD had a significantly lower 
preoperative AMH [5.6 (1.0–21.0) ng/ml] compared with the nonresponders [9.0 
(6.1–17.1) ng/ml]. In addition, they pointed out that plasma AMH ≥7.7 ng/mL was 
associated with a reduced chance of ovulation after treatment (60% vs. 95% in 
women with AMH <7.7 ng/ml, respectively; OR 0.08, 95% CI 0.01 to 0.89) [54]. 
Another prospective controlled study on little sample of PCOS women with CC 
resistance found also that those who ovulated after LOD had a significantly lower 
preoperative AMH, but not power Doppler indices compared with the nonre-
sponders [55]. Moreover, that data were obtained in selected patients with PCOM 
and high AMH levels. Thus, LOD should be used with caution in case of PCOS 
women with AMH in normal (and low) ranges because the risk of ovarian damage 
can be high. Further large-scale well-designed studies are needed to find an absolute 
baseline serum level of AMH in CC-resistant PCOS above which women will not 
respond to LOD as well as the safest lower AMH levels to avoid ovarian damage if 
LOD is considered.

The impact of the dose-adjusted ULOD on the ovarian reserve compared with 
BLOD has been investigated [29, 77]. In a subsequent publication, Sunj et al. [77] 
addressed this issue in the same cohort of patients [28]. AMH, antral follicle count 
(AFC) and ovarian volume were measured before and after surgery (1 and 6 months). 
The authors reported that both groups experienced a decrease in AMH after LOD; 
however, it was significantly more vivid in the BLOD vs. ULOD group in the first 
follow-up month and remained as so at the 6-month follow-up period. As AMH is 
one of the most reliable markers of ovarian reserve, its significantly greater decrease 
in the BLOD than the ULOD group in this study could be explained by the greater 
ovarian tissue damage caused by BLOD owing to more punctures and greater total 
energy. On the other hand, the reduction in AMH can be considered as beneficial, 
i.e. regularisation of the AMH production from granulose cells of PCOM ovaries. 
Astoundingly, in the 6-month follow-up period, the ULOD showed a significantly 
greater increase in AFC and ovarian volume from baseline (preoperative value) 
compared with BLOD. To explain this finding, the authors hypothesised a possible 
subsequent compensatory reaction to ULOD which implies that ULOD normalising 
effects on ovarian function in PCOS patients may be short term [77]. In my opinion, 
these variables showed skewed distribution; therefore, its increase after surgery 
should be interpreted with caution as LOD is expected to reduce the PCOM, thus 
the AFC. Sunj et al. [77] concluded that the dose-adjusted ULOD (60 J/cm3) does 
not have long-term effects on ovarian reserve and changes in ovarian reserve param-
eters can be regarded as normalisation, not as diminishing ovarian reserve.

In their recent RCT, Rezk et al. [29] reported a highly significant difference 
between ULOD and BLOD groups with regard to the AMH level at 3- and 6-month 
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follow-up periods with lower levels achieved in the BLOD group. AFC was compa-
rable in the two groups after 3 months (15.2 ± 3.3 vs. 15.1 ± 3.2). However, it 
became significantly higher in the ULOD at 6-month follow-up period (18.6 ± 3.1 
vs. 16.4 ± 3.2). Unlike the results of the aforementioned study [77], the reported 
postoperative values of AFC were still below its baseline (19.1 ± 5.4 and 18.9 ± 5.5 
for ULOD and BLOD groups, respectively). This is in agreement with reduction in 
the PCOM and thus the AFC after LOD. These findings denote also that the dose- 
adjusted ULOD does not have long-term effects on ovarian reserve and postopera-
tive changes can be regarded as normalisation rather than diminishing ovarian 
reserve [29].

Assessment of IVF outcomes in patients with prior LOD provides an opportunity 
to evaluate its risks on the ovarian reserve. Recently, in a retrospective study of 237 
anovulatory infertile PCOS patients, a Chinese group investigated the effect of pre-
vious LOD on the cumulative ongoing pregnancy rates following IVF as compared 
to those without prior LOD treatment [38]. A lower number of retrieved oocytes, 
fewer available embryos and a lower number of cryopreserved embryos in the LOD 
group compared with the no-LOD groups were reported. The ongoing pregnancy 
rate per embryo transfer was found to be lower among patients in the LOD group in 
comparison with patients in the no-LOD; however, the live birth rate per fresh 
embryo transfer cycle did not differ between both groups. A lower ongoing cumula-
tive pregnancy rate was observed among patients in the LOD group compared with 
patients in the no-LOD after including frozen embryo transfer cycles in the analyses 
of IVF outcomes. Logistic regression analysis demonstrated higher odds of cumula-
tive pregnancy per initiated IVF cycle among PCOS patients without prior LOD in 
comparison with those with history of LOD (OR 1.98, 95% CI 1.10 to 3.58). The 
authors concluded that LOD could compromise cumulative ongoing pregnancy 
rates during subsequent IVF. However, they admitted the selection bias associated 
with the retrospective study design, the heterogeneous nature of included PCOS 
patients as well as the different surgical parameters under which LOD was carried 
out as major limitations for their study [38]. Another recent retrospective study 
reported the same findings in fresh embryo transfer cycles, i.e. significantly more 
obtained oocytes and embryos were demonstrated in CC-resistant PCOS women 
without LOD than women with prior LOD but with the same pregnancy rate in both 
groups [39].

 Conclusion

Science, practice and evidence are dynamic processes. This is typically vivid in 
the surgical management of PCOS which has been successfully revived with the 
introduction of LOD by Gjönnaess in 1984. Subsequently, in view of the marvel-
lous progress in the understanding of the pathophysiology and metabolic fea-
tures of PCOS, different oral ovulation induction agents have also evolved over 
time competing with LOD for treatment of PCOS-related anovulation and, espe-
cially, for PCOS patients with CC resistance. It is of paramount importance that 
the final choice should be individualised considering what is available in a 
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country or clinic as well as each woman’s own perspective and circumstances, 
e.g. economics; side effects; the need to receive a laparoscopic approach for 
other reasons of infertility, e.g. tubal factor; endometriosis; etc.

Based on the current evidence, oral ovulatory drugs should be tried first to 
induce ovulation in CC-resistant PCOS patients. Only when these regimens 
fail should an LOD be envisaged. In this context, it would be prudent to con-
sider predictors of poor response before embarking to LOD in this subset of 
women. If LOD is elected for proper candidates, it is advisable to perform a 
dose-adjusted ULOD applied to the larger ovary (60 J/cm3) rather than BLOD 
with fixed doses of 1200 J. Available evidence denotes that dose-adjusted 
ULOD achieves at least comparable ovulation and pregnancy rates to fixed-
dose BLOD but without long-term effects on ovarian reserve. Interestingly, 
increased responsiveness of the ovary to oral ovulation induction agents and 
gonadotrophins has been reported after LOD. Noteworthy, the incidence of 
periadnexal adhesions after a careful technique of LOD does not represent a 
major constraint in its success story. Currently, there is no solid evidence of a 
diminished ovarian reserve associated with LOD in women with CC-resistant 
PCOS, and associated changes in ovarian reserve parameters with the use of an 
appropriate technique can be regarded as normalisation and not as diminishing 
ovarian reserve.
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16Inositols

John E. Nestler and Antonio Simone Laganà

16.1  Introduction

Evidence indicates that insulin resistance plays an important pathogenic role in the 
hyperandrogenism and anovulation of women affected by polycystic ovary syndrome 
(PCOS). Both lean and obese women with PCOS manifest insulin resistance that is 
intrinsic to the syndrome and associated with a compensatory hyperinsulinaemia (i.e. 
hyperinsulinaemic insulin resistance). Multiple in vivo [1–3] and in vitro [4, 5] studies 
demonstrate that hyperinsulinaemic insulin resistance increases ovarian androgen 
production and interferes with ovulation in women with PCOS. In addition, hyperin-
sulinaemia inhibits hepatic sex hormone-binding globulin (SHBG) production in 
women with PCOS [6], resulting in a marked increase in circulating free testosterone 
levels. Moreover, hyperinsulinaemia may alter physiologic gonadotrophin secretory 
dynamics, increasing luteinising hormone (LH) levels, which then act in concert with 
insulin to augment ovarian androgen production [4, 7]. The mechanism(s) for these 
effects remains unclear but may be related to one or more genetic defects that render 
PCOS women hypersensitive to the actions of insulin at these target sites. Insulin’s 
actions in PCOS may include binding to the IGF-1 receptor on ovarian cells which 
may, in turn, adversely influence the ovulation process [5].

In addition, in PCOS there are profound metabolic consequences that affect fer-
tility and pregnancy complications. In some women with PCOS, the compensatory 
hyperinsulinaemia is sufficient to maintain normal glucose tolerance, whereas in 
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other women the compensation is inadequate and glucose intolerance develops as a 
consequence. Insulin resistance is a major risk factor for the development of type 2 
diabetes mellitus (DM), and 30–50% of obese PCOS women develop either 
impaired glucose tolerance or DM by the age of 30 years old [8, 9]. In addition, the 
prevalence of metabolic syndrome in women with PCOS is two to four times higher 
than in the general population, with the prevalence of metabolic syndrome in PCOS 
women between the ages of 30 and 40 years old is greater than 50% [10]. Women 
with PCOS develop a higher prevalence of cardiovascular risk factors at an earlier 
age, and studies suggest that women with PCOS may have a twofold higher risk for 
a cardiac event in the fifth and sixth decades of life [11–13].

Given the central pathogenic role of insulin resistance in the endocrine, 
reproductive and metabolic disturbances of PCOS, several pharmacological and 
non- pharmacological approaches have been proposed to counteract the hyperin-
sulinaemic insulin resistance typical of the syndrome. For example, an improve-
ment in insulin sensitivity achieved through diet-induced weight loss has been 
shown to reduce circulating androgens and improve fertility. Similarly, insulin-
sensitising drugs such as metformin, troglitazone and inositols have been  
studied and have proven beneficial for the treatment of infertility in women  
with PCOS.

Based on these considerations, also, the insulin-sensitising effects of inositol 
have been studied to assess their amelioration of the symptoms and signs of this 
syndrome, including the possibility of restoring the fertility of women with 
PCOS. One of the most important manifestations of PCOS is anovulation, which is 
the main contributor to infertility in affected patients. Considering the intimate con-
nection among ovulatory dysfunction, hyperinsulinaemic insulin resistance and 
hyperandrogenism, clinical data on the efficacy of inositol alone or combined with 
other compounds have been assessed in humans with particular regard in women 
with PCOS. Indeed, the increasing interest for inositol action led to the International 
Consensus Conference on the Use of Inositol in Obstetrics and Gynaecology [40], 
which tried to shed light on the best practice about this topic. The aim of this chapter 
will be to summarise the available evidence regarding the role of inositols in ame-
liorating fertility in PCOS women.

16.2  Mechanisms of Action of Inositols

Inositol is synthesised by both prokaryotic and eukaryotic cells, but in mammals it 
is primarily obtained from dietary sources as inositol-6-phosphate. From a chemical 
point of view, inositol is a polyalcohol composed of six-carbon rings with a hydroxyl 
group attached to each carbon of the ring (Fig. 16.1). As summarised in a recent 
narrative review [14], there are nine possible stereoisomeric forms of inositol (myo-, 
scyllo-, muco-, epi-, neo-, allo-, D-chiro- and L-chiro-inositols and one that is not 
known to occur naturally, cis-inositol), related to the epimerisation of the six 
hydroxyl groups. Among these, the two isoforms myo-inositol (MI) and D-chiro- 
inositol (DCI) captured the attention of researchers for their insulin-sensitising 
actions, which configure them as proper candidates for the treatment of PCOS. We 
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previously reported [15] that both MI and DCI function as insulin second messen-
gers and mediate different actions of insulin in humans [16]. MI is converted to an 
inositolphosphoglycan (IPG) insulin second messenger (MI-IPG) involved primar-
ily in cellular glucose uptake, whereas DCI is converted to an IPG insulin second 
messenger (DCI-IPG) involved primarily in glycogen synthesis (Fig. 16.1).

As will be discussed in detail, subsequently it has been demonstrated that the 
MI-IPG is involved in glucose uptake [15], whereas the DCI-IPG may mediate insu-
lin’s stimulation of ovarian androgen production [4] as well as improved target tis-
sue sensitivity to insulin [17].

Inositol can be present within cells in a free form or as phosphatidylinositol 
(phosphoinositides, PtdIns), which can be further phosphorylated to form phospha-
tidylinositol phosphate (PIP) and biphosphate (PIP2). After stimulation by growth 
factors or other hormones, phospholipase-C (PLP-C) mediates the cleavage of PIP2 
to form the precursor of inositol triphosphate (InsP3), which then acts as a second 
messenger to mediate different actions of insulin. As reviewed by Dinicola et al. 
[18], MI and PLP-C indirectly modulate LH/FSH activity and InsP3 release both in 
a mouse model [19] and humans [20]; in addition, InsP3 interacts with its respective 
receptors and controls intracellular Ca2+ release.

Within the ovary, the binding of InsP3 to its receptor 1 (IP3-R1) seems to be 
mandatory for oocyte maturation, especially in the final stages of development that 
are tightly calcium dependent [21]. Interestingly, accumulating evidence from ani-
mal models suggests that exogenous injection of InsP3 stimulates Ca2+ release from 
the ovary, thus allowing orderly oogenesis [22]. In addition, MI appears to promote 
meiotic progression of oocytes into fertilisation-competent eggs in the mouse 
model, whereas a depletion of MI intracellular stores within the ovary may alter the 
physiological processes previously described [23].

From a metabolic viewpoint, when insulin binds its own receptor, hydrolysis of 
glycosylphosphatidylinositol lipids located at the outer leaflet of the cell membrane 
occurs, and two IPGs, one incorporating DCI and the other MI, are released. These 
two IPGs play a pivotal role in glucose metabolism, activating key enzymes that 
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control the oxidative and non-oxidative metabolism of glucose. Specifically, studies 
in a mouse model suggested that the DCI-IPGs seem to be more effective in par-
tially restoring insulin sensitivity and glycogen synthesis than the MI-IPGs [24]. 
Nevertheless, other studies conducted in obese rhesus monkeys [25] and postmeno-
pausal women with metabolic syndrome [26] suggested a robust role as well for 
orally administered MI in improving insulin sensitivity, thereby reversing impaired 
glucose tolerance and improving serum lipid levels and blood pressure.

Within cells, MI can be converted to DCI through a process of epimerisation, and 
this intracellular epimerase enzyme is modulated by insulin [27]. Utilising this 
mechanism, every single organ can regulate the balance of inositol levels, and all 
organs have tissue-specific ratios of intracellular MI to DCI [28]. DCI levels are 
high in glycogen storage tissues, such as liver, muscle and fat, and low in tissues 
with high glucose utilisation, such as brain and heart. Insulin resistance has been 
associated with reduced availability of DCI, as demonstrated by Ortmeyer et al. 
[29], who reported low urinary excretion of IPGs incorporating DCI in diabetic 
rhesus monkeys, which was later confirmed in humans [30]. Congruent with these 
findings, diet supplementation of DCI reduced insulin resistance in diabetic rats or 
monkeys affected by hyperglycaemia [31].

In summary, accumulating evidence [32] suggests that metabolic derivatives of 
MI and DCI are mediators of insulin action that work in synergy with each other. 
MI-IPG induces glucose transporter type 4 (GLUT4) receptor translocation to the 
cell membrane [33, 34], thus enhancing cellular uptake of glucose, and MI deriva-
tives inhibit adenylate cyclase enzyme, thus reducing release of free fatty acids from 
adipose tissues. Nevertheless, another study showed that lactate-induced transloca-
tion of GLUT1 is not mediated by PI3K in the mouse model, suggesting a different 
modulation with respect to the abovementioned GLUT4 [35].

DCI-IPG stimulates pyruvate dehydrogenase (PDH), thus supporting adenosine 
triphosphate (ATP) production through the Krebs cycle and stimulating glycogen 
synthase. Regarding this last point, DCI-IPG stimulates glycogen synthase, thus 
supporting glucose conversion to glycogen stored inside cells [24].

16.3  Role of Abnormal Epimerase Activity in PCOS

As discussed earlier, the circulating and/or intra-tissue balance between MI and 
DCI may play a pivotal role in modulating metabolic processes. Several studies 
have reported the lack of release of DCI-IPG (measured by a PDH phosphatase 
bioactivity assay) in the blood of DM subjects during a glucose tolerance test [36], 
lack of DCI-IPG release in women with PCOS during an insulin clamp [37] and 
lack of release of DCI-IPG from placental membranes obtained from women with 
preeclampsia in response to insulin administration in vitro [38].

Based on these data suggesting that an increased ratio of MI to DCI, due to a 
deficiency in DCI, is associated with insulin resistance, Larner’s group proposed 
that this imbalance may be caused by a defective epimerisation of MI to DCI—i.e. 
an inversion of carbon 3 hydroxyl [39]. In order to investigate this possibility, they 
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demonstrated in the Goto-Kakizaki DM rat that in insulin-sensitive tissues (muscle, 
liver and fat) [3H]MI conversion to [3H]chiro-inositol was reduced from about 
20–30% in control rats to under 5% in the DM rats [40]. Subsequently, they partially 
purified the MI to DCI epimerase from rat liver and demonstrated its absolute 
requirement for nucleotide, indicating that it acted via an oxido-reductive mecha-
nism and suggesting reduced epimerase enzyme activity [41].

Reports suggest that as many as 50% of women with PCOS manifest hyperinsu-
linaemia and peripheral insulin resistance in adipose tissue and skeletal muscle. In 
distinct contrast, ovarian theca and granulosa cells in PCOS women do not develop 
insulin resistance and have been reported to be exquisitely sensitive to insulin [42]. 
Following up on this observation, Heimark et al. [27] recently studied well- 
characterised theca cells from normal cycling women with normal insulin sensitiv-
ity and theca cells from PCOS women with hyperinsulinaemic insulin resistance 
and examined the intracellular ratio of MI to DCI and the activity of the epimerase 
enzyme that converts MI to DCI. They reported that the ratio of MI to DCI in the 
theca cells from the PCOS women was lower in comparison with the high MI to 
DCI ratio in the theca cells from normal women. Similarly, thecal epimerase activ-
ity was increased in cells obtained from the PCOS women compared to that in theca 
cells of healthy women. The explanation for these observations is that the theca cells 
from the PCOS women manifested enhanced sensitivity to insulin, resulting in 
insulin- stimulated epimerase activity and increased conversion of MI to DCI [27].

In accordance with these data, it was suggested that epimerisation of MI to DCI 
is enhanced in patients with PCOS and hyperinsulinaemia, which in turn yields MI 
deficiency in the ovary that would impair FSH signalling, resulting in reduced 
oocyte quality and increased risk of ovarian hyperstimulation syndrome (OHSS) 
[43]. In order to explore this possibility, Unfer et al. [28] recently measured MI and 
DCI levels in the follicular fluid of a small sample of patients with PCOS, who 
manifested hyperinsulinaemic insulin resistance, and in a small sample of healthy 
women. They reported that the follicular ratio of MI to DCI was 100:1 in healthy 
women compared to only 0.2:1 in patients with PCOS, which was due to a dramatic 
reduction in follicular MI and increase in DCI in the PCOS women and consistent 
with insulin-stimulated epimerase activity.

The increased intra-follicular DCI resulting from insulin-stimulated epimerase 
activity would be incorporated into precursor glycophosphatidylinositol and/or precur-
sor glycophosphatidylinositol-protein, which could then be cleaved into the DCI-
IPG. As demonstrated with INS-2, a synthetic chiro-inositol-containing glycan, 
DCI-IPG could then act locally in the ovary to increase thecal androgen production [4].

16.4  Effects of Inositols in Women with PCOS

It is currently accepted that oral administration of MI alone, DCI alone or the com-
bination of MI and DCI may alleviate many of the metabolic dysregulations typical 
of PCOS. Below we will report data on the effects of DCI and MI administration, 
alone and/or in combination, in women with PCOS.
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16.4.1  DCI Administration

Since the initial report by Nestler et al. [17], several studies [44–46] have investi-
gated the effects of oral DCI administration in women with PCOS.

Nestler and collaborators [17] performed a randomised, double-blind, placebo- 
controlled trial on 44 obese women with PCOS who received either 1200 mg DCI or 
placebo for 6–8 weeks. After treatment, there were significant decreases in the waist-
to-hip ratio (WHR), systolic and diastolic blood pressure and plasma total cholesterol 
and triglyceride concentrations in women who received DCI compared with the pla-
cebo group. Regarding glucose metabolism, in the DCI group, the area under the 
plasma insulin curve after oral glucose administration decreased, although this decrease 
did not differ significantly from that in the placebo group [17]. In the same study [17], 
the leuprolide stimulation test [used to evaluate the changes from baseline of the serum 
LH and 17α-hydroxyprogesterone (17-OH-P) concentrations after leuprolide injec-
tion] demonstrated reduced early and late responses of serum LH and 17-OH-P only 
after DCI administration [17]. In keeping with these observations, administration of 
DCI was associated with a decrease in the serum free testosterone and dehydroepian-
drosterone sulphate concentrations and an increase in the serum SHBG concentration. 
Finally, 86% of the women in the DCI group ovulated during treatment with DCI, as 
compared with only 27% of the women in the placebo group [17].

Subsequently, Iuorno et al. [44] performed a similar double-blind placebo- 
controlled randomised trial (RCT) using 600 mg of DCI once daily for 6–8 weeks 
to treat a small population of 20 lean women with PCOS. Both systolic and diastolic 
blood pressure, as well as serum total cholesterol and triglycerides, decreased sig-
nificantly in women who received DCI, but not in the placebo group [44]. Neither 
the fasting plasma glucose nor fasting insulin concentration changed significantly in 
either group [44]. Conversely, both the area under the plasma glucose and insulin 
curves during the oral glucose tolerance test (OGTT) decreased significantly in the 
DCI group, and these decreases differed significantly compared with the lack of 
changes in the placebo group [44]. Furthermore, the composite whole-body insulin 
sensitivity index (ISIcomp) increased by 84% in the DCI group but did not change 
in the placebo group [44]. Regarding hormonal parameters, the administration of 
DCI was associated with significant declines in both serum total and free testoster-
one concentrations. Finally, 60% of women in the DCI group ovulated, compared 
with only 20% in the placebo group [44].

More recently, Laganà et al. [45] confirmed these data by performing a larger 
prospective cohort study. Forty-eight lean [body mass index (BMI) < 25 kg/m2] 
women affected by oligo-anovulatory PCOS received 1 g of DCI plus 400 μg of 
folic acid orally once daily for 6 months. Significant decreases in systolic blood 
pressure, Ferriman-Gallwey score, plasma LH and the LH/FSH ratio, serum levels 
of total and free testosterone, Δ4-androstenedione and prolactin and the homeo-
static model assessment (HOMA) index were observed after treatment. The DCI 
group also experienced significant increases in serum SHBG and the fasting glu-
cose/insulin ratio. Finally, there was significant (62.5%) post-treatment menstrual 
cycle regularisation.
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Similar results were reported by Genazzani et al. [46], who assessed the effects 
of DCI 500 mg orally once daily for 12 weeks on hormonal parameters and insulin 
sensitivity in a population of overweight/obese PCOS women (BMI > 26 kg/m2). 
Plasma LH levels and the LH/FSH ratio decreased during the study, and conse-
quently serum androstenedione, testosterone and 17-hydroxy-progesterone concen-
trations also declined significantly. Metabolically, at baseline, the obese PCOS 
women manifested a clear hyperinsulinaemic response to oral glucose administra-
tion that was essentially normalised by treatment. The area under the curve (AUC) 
of insulin and the maximal insulin response to a glucose load were both signifi-
cantly reduced. Interestingly, these investigators performed low-dose gonadotrophin- 
releasing hormone (GnRH) stimulation tests in order to assess LH and FSH 
responses and reported that the LH response to GnRH bolus was significantly modi-
fied after the treatment and consistently reduced both in terms of AUC and maximal 
response to GnRH bolus.

Collectively, the data from these studies suggest that oral administration of DCI 
to women with PCOS can improve insulin sensitivity, reduce circulating insulin and 
androgens and improve ovulatory frequency reducing triglycerides and blood pres-
sure—thus bringing ovarian function and metabolism toward normal homeostasis.

16.4.2  MI Administration

Papaleo et al. [47] explored whether oral administration of MI would improve insu-
lin sensitivity in women with PCOS, thus restoring normal ovulatory function. The 
investigators enrolled 25 PCOS women of childbearing age whose infertility was 
solely due to oligo- or amenorrhoea, since no tubal defect or deficiency of male 
semen parameters was found. PCOS women were treated orally with MI 2 g plus 
folic acid 200 μg daily for 6 months or until a positive pregnancy test was obtained 
[47]. After the first month of treatment, 22 out of the 25 women (88%) had a men-
strual cycle; 18 of these 22 patients menstruated monthly during the follow-up 
period [47]. All of these 22 women maintained monthly spontaneous ovulation 
activity, as documented by follicular growth and increased serum progesterone con-
centrations during the luteal phase [47]. Moreover, serum concentrations of total 
testosterone and free testosterone decreased significantly [47].

Concurrently, a double-blind, placebo-controlled RCT [48] assessed ovarian 
activity after 14 weeks of oral MI treatment in PCOS patients with oligo- or amen-
orrhoea. The daily dose of MI administered was 4 g MI plus 400 μg of folic acid, 
which was twice as large as that administered in the aforementioned study [47]. 
Ovulatory frequency and the number of ovulatory patients were significantly higher 
in the MI-treated group compared with the placebo, and the time to first ovulation 
was significantly briefer in the MI group [47]. Notably, the effect of MI administra-
tion on follicular maturation was rapid, since the oestradiol concentration increased 
over the first week of treatment [47]. In terms of metabolic outcomes, serum high- 
density lipoprotein (HDL) levels increased significantly in the women treated with 
MI, but there were no changes in concentrations of fasting glucose or fasting insulin 
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nor in the insulin responses to glucose challenge [47]. Women in the MI group 
experienced significant decreases in weight and leptin levels, whereas women in the 
placebo group gained weight [47].

Similar results were reported in another double-blind placebo-controlled RCT 
[49], which studied a smaller population (42 PCOS women) using a similar MI dos-
age of 4 g daily administered for 12–16 weeks. In this study, serum total testoster-
one, serum free testosterone, plasma triglycerides, systolic and diastolic blood 
pressure and the AUC for insulin after oral administration of glucose significantly 
decreased in the women treated with MI [49]; congruently with this last finding, 
insulin sensitivity (assessed by ISIcomp) increased significantly [49]. Moreover, the 
ovulation rate in the MI group was higher compared with the placebo group [49]. 
However, previous medical treatments (including oral contraceptives, insulin- 
sensitising agents and others) or a beta error effect due to the small population could 
have potentially influenced the results. Moreover, in agreement with these studies 
[48, 49], Pizzo et al. [50] also administered 4 g of MI plus folic acid to PCOS 
women and reported significant reductions in diastolic and systolic arterial pressure, 
LH, LH/FSH ratio, total testosterone, free testosterone, Δ4-androstenedione, 
 prolactin and HOMA index. In these same patients, there were statistically signifi-
cant increases in serum SHBG and fasting glucose/insulin ratio [50].

The ability of MI to improve ovulatory function has been tested against metfor-
min, a drug that is commonly used to enhance ovulation in oligo-anovulatory 
women with PCOS. Raffone et al. [51] enrolled 120 patients and randomly treated 
them daily with metformin 1500 mg/day orally or 4 g MI plus 400 μg folic acid 
orally for 6 months or until pregnancy occurred. Fifty percent (50%) of the patients 
treated with metformin experienced restoration of spontaneous ovulation, and 
18.3% of these women attained pregnancy. In contrast, spontaneous ovulation was 
restored in 65% of the patients treated with MI plus folic acid, and 30% of these 
women attained pregnancy [51]. The results between the metformin and MI groups 
were not statistically different [51]. Therefore, treatment with MI or metformin plus 
folic acid was equally effective. However, in this regard, it should be noted that the 
supplementation of folic acid to metformin may have played a contributory role, 
since folic acid can cause a subclinical alteration of homocysteine levels and may 
influence insulin sensitivity [52].

16.4.3  DCI plus MI Administration

Since both MI and DCI monotherapies had been shown to improve ovulatory func-
tion in PCOS, the efficacy of combined treatment with DCI plus MI in reducing the 
risk of metabolic syndrome and enhancing ovarian function, compared to treatment 
with MI monotherapy, has been studied. In an RCT [53], both plasma glucose and 
insulin concentrations decreased significantly in the combination DCI plus MI 
group, whereas no changes were observed in the group treated with MI alone. 
Furthermore, the decrement in total testosterone and the increment in serum SHBG 
were more robust in the combination DCI plus MI group compared with the MI 
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monotherapy group [53]. Arguably, overweight PCOS patients showed an inverse 
relationship between body mass and treatment efficacy [54], even if these data still 
need to be confirmed in lean patients.

In summary, the reviewed studies indicate that both isoforms of inositol (DCI 
and MI) are effective in improving ovarian function and metabolism in patients with 
PCOS, although MI appeared to have the most salutary effect on the metabolic pro-
file, whereas DCI appeared superior in reducing circulating androgens [50].

16.5  Inositol as Fertility Drug

Women with PCOS have a high rate of infertility due in large part to anovulation 
and ovulatory dysfunction (see Chaps. 3 and 6). As detailed in previous chapters, 
hyperinsulinaemic insulin resistance and its consequent hyperandrogenaemia may 
play a pivotal role in causing this ovulatory dysfunction, and this serves as the ratio-
nale for the treatment of PCOS with insulin-sensitising drugs to restore metabolic 
and hormonal homeostasis and, consequently, physiologic ovulation and fertility. In 
this section, we will briefly review the available clinical data about fertility out-
comes in PCOS women after inositol treatment, with or without the aim of assisted 
reproduction technologies (ART). In other specific chapters of the book, the con-
trolled ovarian stimulation for IVF and non-IVF cycles has been detailed.

Spontaneous ovulation rate of women with PCOS treated with either oral DCI 
[17, 44, 45] or oral MI improved [47–51]. In addition, a 6-month prospective study 
on 50 PCOS patients with insulin resistance showed that the combined therapy with 
both DCI plus MI [18, 53, 54] and clomiphene citrate (CC) plus MI [55] achieve 
results, in terms of ovulation, superior to monotherapy. Similarly, a co-treatment 
consisting in oral 4 g MI plus 400 μg folic acid and recombinant FSH (37.5 IU/day) 
was explored in women with PCOS who failed to restore spontaneous ovulation 
under MI/folic acid therapy alone reporting a pregnancy rate of about 30% [51]. 
Despite the small population and the noncontrolled study designs, that data may 
open a new scenario wherein positive combination of MI and CC/FSH can induce 
mono-ovulation in anovulatory PCOS women.

It was recently reported [56] that MI administration improves oocyte quality 
and increases the number of oocytes collected after ovarian stimulation in PCOS 
patients undergoing IVF and, in euglycaemic PCOS patients undergoing ovula-
tion induction for ICSI, the number of mature oocytes [57]. However, this result 
may have been influenced, at least in part, by the high dose of DCI administered 
on oocyte competence [58]. Similarly, a combination of inositol (1500 mg), lacto-
ferrin (100 mg) and bromelain (20 mg) increased the pregnancy rate of about 
threefold in PCOS patients who received recombinant FSH for non-IVF cycles 
[59]. Nevertheless, there are several cautions regarding interpretation of this 
study: first, the report did not specify which isoform of inositol was administered; 
second, no information about sperm quality or other parameters that could influ-
ence conception during IVF were reported; and, finally, the duration of treatment 
was not standardised at study design.
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Last but not least, it was recently reported that treatment with DCI 1 g daily 
decreases the production of reactive oxygen species (ROS) within the ovaries [60], 
which are known to play a detrimental role in PCOS [61], and that combined treatment 
with inositol plus metformin restores homeostasis at the level of thyroid- stimulating 
hormone in infertile PCOS patients affected by subclinical thyroid dysfunction [62]—a 
condition potentially associated with unfavourable reproductive outcomes [63].

 Conclusion

Based on available evidence, both DCI and MI are able to improve the metabolic 
profile and fertility outcomes in PCOS patients. As showed in a comprehensive 
systematic review [64], data published so far allow us to attest that despite the 
relatively high number of clinical studies of inositol as a treatment in women 
with PCOS, only a few of them were designed as RCTs, and inositol mechanism 
of action appears to relate primarily to improving the insulin sensitivity of target 
tissues, resulting in a reduction in circulating insulinaemia, which in turn is 
responsible for positive effects on the reproductive axis (restoration of ovulation 
and improved oocyte quality) and on the hormonal milieu (reduction in serum 
androgens and improved lipid status).

Moreover, efficacy data are still preliminary and consist of small studies, 
 frequently noncontrolled, including other active supplements. Also available 
experimental data are obtained in the presence of so many confounders that 
require the results to be confirmed in other settings and on well-selected samples. 
At the moment, there is no well-designed dose-finding study in order to define 
the best doses for DCI and MI.

In addition, doses used in the available studies are extremely variable. 
Similarly, there is no experimental or clinical study assessing the different doses 
for combining two drugs. Hence, there is a need for future properly controlled 
studies on larger cohorts of PCOS patients and with greater statistical power, 
which would more accurately clarify post-treatment fertility outcomes with the 
different inositol isoforms, establish optimal therapeutic strategies tailored to the 
pretreatment phenotype of the patient (i.e. “personalised dosage” based on 
patients’ clinical or biochemical features) and evaluate the variability of the 
long-term outcomes on the basis of these phenotypic parameters.
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17Acupuncture

Elisabet Stener-Victorin, Anna Benrick, Romina Fornes, 
and Manuel Maliqueo

17.1  Introduction

Many women with polycystic ovary syndrome (PCOS) require prolonged treat-
ment. Since the etiology of the syndrome is unclear, the treatment is most often 
symptom oriented and focused on reducing clinical and biochemical hyperan-
drogenism, restoring menstrual cycles, inducing ovulation, and improving repro-
ductive outcome. Treatment should also address metabolic disturbances including 
hyperinsulinemia, insulin resistance, and obesity, which worsen many of the typical 
PCOS-related symptoms and affect long-term metabolic morbidity.

The use of acupuncture in gynecology and infertility is widespread although the 
evidence is not of highest level. In a recent Cochrane review, clinical data demon-
strate that only a limited number of randomized controlled trials (RCTs) have been 
reported [1] and that, at present, there is insufficient evidence to support the use of 
acupuncture for treatment of ovulation disorders in women with PCOS. Given the 
fact that there is no inert acupuncture control situation, systematic reviews will 
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always conclude low quality of acupuncture trials. This chapter will summarize cur-
rent experimental and clinical acupuncture research within the field of PCOS, indi-
cating that acupuncture can be a suitable alternative or complement to 
pharmacological treatment for different PCOS-related symptoms. Hypothetically, 
as acupuncture is associated with few side effects [1], the combination of acupunc-
ture and pharmacological treatment decreases negative side effects of pharmaco-
logical treatment, although few severe are reported [2, 3].

17.2  Mechanisms of Acupuncture from a Western Medical 
Perspective

There is close interaction between the somato-autonomic reflexes and the endocrine 
system is of importance for homeostasis. As an example, the adrenal sympathetic 
efferent nerve activity controls catecholamine secretion from the adrenal medulla, 
and the pancreatic sympathetic and parasympathetic efferent nerve activity controls 
insulin secretion from pancreas [4]. Further, ovarian sympathetic nerves are involved 
in the regulation of ovulation and secretion of sex steroids [5].

A hypothesis of mechanism of action for acupuncture is showed in Fig. 17.1.

HYPOTHALAMUS PITUITARY

ACUPUNCTURE

OVARY

↓ GnRH
↓ LH/FSH

Ratio

Opioid system

Steroid receptors

↓ P450C17 α

↑ P450 
aromatase

↓ Androgens

↑ Estrogens

NGF and p75NTR

Adrenoreceptors

ADIPOR2 

1

2

3

Fig. 17.1 Hypothetical mechanism of acupuncture. 1. Acupuncture acts on the opioids and/or 
steroid signaling at hypothalamic levels reducing GnRH, modulating the pituitary secretion of 
gonadotrophins. 2. Acupuncture reduces the ovarian sympathetic nerve activity, which decreases 
the P450C17α and increases P450 aromatase leading to normalization in the ovarian sex steroids 
synthesis. 3. The hypothalamic improvements normalize the ovarian function or vice versa
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17.2.1  Acupuncture Stimulation and Physiological Responses

Intramuscular needle insertion and stimulation cause a particular pattern of afferent 
activity in peripheral nerves [6]. Various fiber types, thick myelinated (Aβ), thin 
myelinated (Aδ), and thinner unmyelinated C fibers, have all been reported to be 
excited by acupuncture needle stimulation [7]. After insertion, acupuncture needles 
are stimulated by manual manipulation and/or by electrical stimulation, so-called 
electroacupuncture, for 20–40 min. During electroacupuncture, needles are attached 
to electrodes for passing an electric current. It has been suggested that low- frequency 
(1–15 Hz) electroacupuncture with repetitive muscle contraction activates physio-
logical processes similar to those resulting from muscle contraction during physical 
exercise [8, 9].

Stimulation of acupuncture points in muscle tissue causes peripheral release of a 
number of neuropeptides, such as substance P (SP), calcitonin gene-related peptide 
(CGRP], vaso-intestinal peptide (VIP), and nerve growth factor (NGF), from 
peripheral nerve terminals into the surrounding area. The result is increased micro-
circulation in skeletal muscle [10] and glucose uptake, the latter most likely via a 
reflex response from muscle twitches during electrical stimulation [4].

Depending on the number and location of acupuncture needles and the intensity 
and type of stimulation (Table 17.1), activation of muscle afferents also modulates 
the transmission of signals in the spinal cord (segmental level) and in the central 
nervous system (CNS) [11]. Through sympathetic reflexes, acupuncture at the seg-
mental (spinal) level may modulate the function of organs (e.g., ovaries, urinary 
bladder, heart) located in the same innervation area as the stimulated acupuncture 
points [12]. Simultaneously, the nervous system transfers signal to the brain, which 
generates a response that may further influence the organ. Both segmental (spinal) 

Table 17.1 Acupuncture protocols in the treatment of PCOS for ovulation induction

Authors Points
Jedel et al. (2011) [50] Local points: CV3, 6—EA; ST29 bilateral—EA

Distal points: SP6, 9 bilateral—EA; LI4 or PC6 
bilateral—manual

Johansson et al. (2013) [54] Alternated between two protocols every other treatment
Protocol 1:
Local points: CV3, 6—EA; ST 29 bilateral—EA
Distal points: SP6, 9—EA; LI4 bilateral, GV20—manual
Protocol 2:
Local points: ST25, 29—EA; CV3, 6–manual
Distal points: SP6, LR3 bilateral—EA, PC6 bilateral, 
GV20—manual

Classic acupuncture points are used and described as they are known to acupuncturists indepen-
dent if they use the western medical approach or the classic Chinese medicine approach. The major 
difference is how acupuncture points are selected and in the two western medical trials described 
below acupuncture points in abdominal and leg points are selected in somatic segments innervating 
the ovaries
EA electroacupuncture, 2 Hz; manual de qi 3–4 times during 30 min

17 Acupuncture
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and central mechanisms of acupuncture most likely contribute to the total effect of 
acupuncture treatment. Since the CNS regulates the release of hormones from the 
pituitary, acupuncture may also modulate the endocrine system which in turn may 
affect the activity in the sympathetic nervous system.

Specifically, low-frequency electroacupuncture causes the release of a large 
number of neuropeptides, serotonin, endogenous opioids, and oxytocin in the 
CNS, which seem to be essential for inducing functional changes in different 
organ systems [9, 11, 13]. Of particular interest is β-endorphin, an endogenous 
opioid with high affinity for the μ-receptor [14]. The central hypothalamic 
β-endorphin system has a regulatory role in a variety of functions, including auto-
nomic function [9, 15]. β-Endorphin is produced and released from the arcuate 
nucleus in the hypothalamus and the nucleus tractus solitarius in the brain stem, 
which projects to a number of sites within the brain, including all parts of the 
hypothalamus [16]. β-Endorphin is a key mediator of changes in autonomic func-
tions, such as effects on the vasomotor center, which results in a general decrease 
of sympathetic tone, shown as regulation of blood pressure and as decreased mus-
cle sympathetic nerve activity [9, 17]. β-Endorphin is also released into peripheral 
blood from the hypothalamus via the anterior pituitary [18], a process regulated 
by corticotropin-releasing factor (CRF), which is secreted from the paraventricu-
lar nucleus of the hypothalamus [19]. CRF promotes the release of β-endorphin, 
adrenocorticotropic hormone (ACTH), and melanocyte-stimulating hormone into 
the bloodstream in equimolar amounts by stimulating the synthesis of their pre-
cursor, pro-opiomelanocortin. β-Endorphin in plasma is thought to be related to 
the hyperinsulinemia response [20] and to stress [21]. It has been well documented 
that insulin can increase the sympathetic outflow, and it is suggested that hyperin-
sulinemia may contribute to sympathetic overdrive in obesity [22]. Stress increases 
the activity of the hypothalamic-pituitary-adrenal (HPA) axis and decreases repro-
ductive functions among many others. Thus, hormones of the HPA axis are closely 
related to those of the hypothalamic-pituitary- gonadal (HPG) axis as well as sym-
pathetic activity.

In healthy subjects, significant change in sympathetic and parasympathetic activ-
ity has been observed with different types of stimulation [23]. For example, stimula-
tion of the first dorsal interosseous at the acupuncture point large intestine (LI9) 
decreased heart rate (mediated by sympathetic fibers) [23]. A recent study on acu-
puncture for relief of migraine showed reduction of migraine attacks of at least 50% 
and a reduction of the low-frequency component of heart rate variability (HRV), 
indicating decreased sympathetic activity [24]. Further, stimulation of acupuncture 
needles has been shown to correlate with increased parasympathetic levels during 
stimulation and post-stimulation and decrease in low-frequency/high-frequency 
luteinizing hormone (LH)/follicle-stimulating hormone (FSH) ratio, indicating a 
normalizing effect of acupuncture [23].

Of note is that menstrual disturbances and high circulating androgens in women 
with PCOS are related to high activity in the sympathetic nervous system as further 
discussed below [25].
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17.2.2  Autonomic Activity in PCOS and Modulation 
by Acupuncture

Many factors associated with PCOS—disturbed central and peripheral β-endorphin 
release, hyperandrogenemia, hyperinsulinemia, and insulin resistance, as well as 
abdominal obesity and cardiovascular disease—are also associated with increased 
activity in the sympathetic nervous system [26–30]. The involvement of the sympa-
thetic nervous system in PCOS pathology is further supported by the greater density 
of catecholaminergic nerve fibers in ovaries with polycystic morphology (PCOM) 
[31, 32]. Increased ovarian sympathetic nerve activity might contribute to PCOS by 
stimulating androgen secretion [33]. Women with PCOS have enhanced ovarian 
production of NGF [34], a strong marker of sympathetic nerve activity. These results 
suggest that overproduction of ovarian NGF is a component of PCOS in humans. In 
a transgenic mouse model overexpressing NGF in the ovaries, a persistent elevation 
in plasma LH levels was required for morphological abnormalities to appear [34]. 
The strongest evidence for an augmented sympathetic nervous system has been 
demonstrated in a microneurography study. It showed that women with PCOS have 
high sympathetic nerve activity that may be relevant to the pathophysiology of the 
syndrome [25]. Interestingly, testosterone was the strongest independent factor 
explaining high sympathetic nerve activity in women with PCOS [25].

Recently it was demonstrated that repeated low-frequency electroacupuncture and 
physical exercise lower high sympathetic nerve activity in women with PCOS. Thus, 
treatment with low-frequency electroacupuncture or physical exercise to reduce sym-
pathetic nervous activity may be of importance for women with PCOS [35].

Support for this observation can be found in experimental animal research. In an 
estradiol valerate (EV)-induced rat PCOM model, transection of the superior ovar-
ian nerve reduces the steroid response, increases β2-adrenoceptor expression to 
more normal levels, and restores estrus cyclicity and ovulation [5]. Also, blockade 
of endogenous NGF action restores the EV-induced changes in ovarian morphology 
and expression of the sympathetic markers α1- and β2-adrenoceptors, the p75 neuro-
trophin receptor, NGF-tyrosine kinase receptor A, and tyrosine hydroxylase. These 
data confirm the close interaction between NGF and the sympathetic nervous sys-
tem in the pathogenesis of steroid-induced PCOM in rats [36]. In line with these 
observations, repeated low-frequency electroacupuncture reduces high ovarian con-
centrations of NGF [37, 38], CRF [39], and endothelin-1 [37] in EV-induced 
PCOM. It also modulates hypothalamic β-endorphin concentrations and immune 
function [40] in the same rat PCOM model.

To investigate the hypothesis that repeated low-frequency electroacupuncture 
treatments and physical exercise modulate sympathetic nerve activity in rats with 
EV-induced PCOM, we studied the expression of mRNA and protein of the α1a-, 
α1b-, α1d-, and β2-adrenoceptors, the p75 neurotrophin receptor, and tyrosine hydrox-
ylase. Four weeks of physical exercise almost normalized ovarian morphology [41], 
and both electroacupuncture and exercise normalized the expression of NGF, NGF 
receptors, and α1- and α2-adrenoceptors [36, 41].
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Further, in rats with dihydrotestosterone (DHT)-induced PCOS exhibiting repro-
ductive and metabolic abnormalities, both low-frequency electroacupuncture and 
exercise improved ovarian morphology, as reflected by a higher proportion of 
healthy antral follicles and a thinner theca interna cell layer than in untreated PCOS 
[42]. This was accompanied by improved estrus cyclicity.

Low-frequency electroacupuncture also increased ovarian blood flow. The nee-
dles were placed in the abdominal and hind limb muscles, which have the same 
somatic innervation as the ovaries and uterus [43–45]. The response was mediated 
by ovarian sympathetic nerves as a reflex response controlled by supraspinal path-
ways (i.e., CNS) [43, 45]. Interestingly, electrical stimulation of the superior ovar-
ian nerve affected the ovarian blood flow response and reduced ovarian estradiol 
secretion rate, an effect that was mediated via α1-adrenoceptors in the regulation of 
ovarian function by electrical stimulation [46].

These findings support the theory that increased sympathetic activity contributes 
to the development and maintenance of PCOS and that the effects of electroacu-
puncture and exercise are mediated by modulation of sympathetic outflow to the 
adipose tissue and ovaries. Augmented sympathetic activity in PCOS may contrib-
ute to vascular risk factors associated with the condition. Thus, therapies aimed at 
reducing sympathetic activity in PCOS need to be studied.

17.3  Acupuncture in the Treatment of Ovarian Dysfunction

In uncontrolled trials, repeated acupuncture treatments decreased total testosterone 
and other sex steroid levels, reduced LH/FSH ratio, and improved menstrual fre-
quency without negative side effects [47–49]. In a three-arm RCTs, 14 low- 
frequency electroacupuncture treatments (combination of electrical and manual 
stimulation) over 16 weeks, and 16 weeks of physical exercise, improved menstrual 
bleeding pattern and decreased high levels of circulating androgens compared with 
no intervention in women with PCOS [50]. Acupuncture was superior to physical 
exercise when compared directly after the treatment but did not differ from the exer-
cise group at 4-month follow-up.

In a quasi-randomized study, daily abdominal acupuncture for 6 months improved 
menstrual frequency and decreased circulating testosterone more effectively than 
metformin over 6 months [51]. In another RCT, a course of 12 treatments of true 
acupuncture was compared with sham acupuncture for 8 weeks, and they found 
similar ovulation frequency and improvement in LH/FSH ratio in both groups of 
women with PCOS [52]. Thus, they were unable to demonstrate differences between 
true and sham acupuncture, and they did not include a nonintervention group. These 
results are in line with previous studies on different pain conditions and nausea 
caused by chemotherapy, demonstrating that true acupuncture is not more effective 
than sham acupuncture, although all these trials found a significant effect when 
compared with a nonintervention group [53]. These results indicate that sham acu-
puncture is not an inert method and highlight methodological difficulties in the 
design of acupuncture trials.
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In a recent trial, the efficacy of low-frequency electroacupuncture in combination 
with manual stimulation, 30 min twice a week for 10–13 weeks (more intensive 
treatments than in the previous trials) in total of 20–26 treatments, was compared 
with equal time in meetings with a therapist (to control for attention and expecta-
tions) for ovulation induction in women with PCOS [54]. Women receiving acu-
puncture treatment displayed higher ovulation frequency compared with women 
meeting a therapist for an equal amount of time [54] (Fig. 17.2). Also the ovarian 
and adrenal sex steroid levels were reduced with no effect on LH secretion indicat-
ing that this regulation occurs at ovarian level. These results indicate that more fre-
quent treatment results in more pronounced effects.

The molecular mechanism via which acupuncture could regulate the reproduc-
tive function has been studied in rat animal models induced by EV, DHT, and letro-
zole, an inhibitor of P450 aromatase [38, 42, 55]. Continuous exposure of these 
compounds results in disturbances in the estrous cycle (anovulation) and the pres-
ence of multiple ovarian cyst and elevated androgen levels in the DHT and letrozole 
models [38, 56, 57]. Acupuncture improves estrus cyclicity in these models [55, 58, 
59]. In the DHT-induced PCOS model, electroacupuncture given three times per 
week for 4–5 weeks decreases the proportion of atretic antral follicles and results in 

Control
Meeting with a therapist: 2 times/week, 30 
min per session
Rest and listen to relaxing music 

Acupuncture
Acupuncture: 2 times/week, 30 min per 
session
Rest and listen to relaxing music
Alternating between two protocols with a
combination of electrical (EA) and manual 
needle stimulation: 

Protocol  1:
CV3 to CV6 – EA 
ST29 bilateral – EA 
SP6 to SP9 bilateral – EA 
GV20 – manual 
LI4 – manual 

Protocol 2:
ST25 to ST29 bilateral – EA 
CV3 and 6 – manual 
SP6 to LR3 bilateral – EA 
GV20 – manual 
PC6 – manual 

Protocol 1 Protocol 2

Fig. 17.2 Treatment was performed twice per week and all women rested and listened to relaxing 
music during treatment. The acupuncture group received acupuncture with a combination of both 
electrical with low-frequency [2 Hz] [EA] and manual needle stimulation. Placement of needles 
was chosen according to previous protocols and was in the muscle with the same innervation as the 
ovaries and uterus. Hypothetically this could directly influence sympathetic output to these organs. 
The attention control group did not receive acupuncture but was otherwise treated the same to 
control for the attention and time involved in the treatment. CV conception vessel, GV governor 
vessel, LI large intestinal, LR liver, PC pericardium, SP spleen, ST stomach
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thinner theca interna cell layer compared to untreated DHT-exposed rats. Moreover, 
almost 50% of those rats treated with acupuncture showed fresh corpora lutea [42]. 
Similar to these observations, in rats exposed to letrozole, electroacupuncture in the 
acupuncture points CV-4 and CV-3 for 14 consecutive days demonstrated increased 
preantral and antral follicles, granular cell layers, and some corpora lutea [59].

Using the DHT-induced PCOS rat model, it was demonstrated that the recovery 
of estrous cyclicity induced by electroacupuncture treatment was associated with a 
decrease of gonadotrophin-releasing hormone (GnRH) and androgen receptor (AR) 
protein expression in the hypothalamus [58]. This suggests that electroacupuncture 
could regulate the release of GnRH and likely LH/FSH. Further, in the letrozole- 
induced PCOS models, low-frequency electroacupuncture reduced LH and LH/
FSH ratio after 5–6 weeks of treatments supporting the concept that regulation of 
GnRH in turn regulates the pituitary gland function (Fig. 17.1) [55].

Acupuncture could regulate pathways associated with the steroid synthesis con-
tributing to its positive effects on the estrous cyclicity and ovarian morphology. In 
this regard, rats exposed to DHT that respond to electroacupuncture showed a 
decrease in circulating androgen levels and increase in estrogen and progesterone 
[60]. Similar results were observed in letrozole-induced PCOS models, associated 
with an ovarian decrease of P450C17α and increase of P450 aromatase [59]. 
Interestingly, in the letrozole-induced PCOS model, electroacupuncture increased 
the expression of ovarian adiponectin receptor 2 protein and phosphorylation of 
ERK1/2, which has been associated with the synthesis of estrogen and progesterone 
in ovarian cells [55]. Interestingly, in an EV-induced PCOS model, low-frequency 
electroacupuncture decreases the NGF concentrations in the ovary and p75 neuro-
trophin receptors, and it normalizes the expression of ovarian adrenoreceptors [36, 
38], suggesting that acupuncture reduces the ovarian responsiveness to sympathetic 
inputs, which potentially could improve the steroid synthesis (Fig. 17.1).

Taken together, from experimental and clinical data, there are strong indications 
that acupuncture treatment results in more regular cycles, acting on both ovarian and 
hypothalamic levels regulating sex steroid production and also the gonadotrophin 
secretion although those results are less clear. Whether acupuncture can be used for 
ovulation indication with the aim for pregnancy is currently under evaluation.

17.4  Acupuncture During Pregnancy

Pregnancy complications in women with PCOS are discussed in detail in Chap. 22. 
In brief, they are at an increased risk of adverse pregnancy outcomes such as gesta-
tional diabetes, preterm birth, and preeclampsia, and they are more likely to give 
birth to small for gestational age or large for gestational age infants. During preg-
nancy, women with PCOS are more likely to have elevated blood pressure indepen-
dent of body mass index (BMI) [61], as well as impaired uterine artery blood flow, 
which is related to poor pregnancy outcomes [62, 63]. There is currently no treat-
ment that prevents adverse obstetric outcomes in women with PCOS. Acupuncture 
with low-frequency electrical stimulation has been shown to increase ovarian and 
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uterine artery blood flow in rats and nonpregnant women undergoing in vitro fertil-
ization, an effect that was mediated by the sympathetic nerve fibers innervating the 
ovary [37, 43, 45, 64]. In healthy pregnancies, acupuncture performed during third 
trimester decreases umbilical artery systolic/diastolic ratio, as measured using 
Doppler ultrasound, consistent with a decreased vascular resistance [65]. In the pre-
natal androgenized (PNA) rat PCOS model, the placenta and fetus are smaller and 
their offspring are usually born small for gestational age and develop a PCOS-like 
phenotype at prepubertal and adult age [66]. Therefore, the PNA model was used to 
elucidate if acupuncture has the potential to prevent the development of small pla-
centa and promote fetal growth. Low-frequency electroacupuncture in control ani-
mals did not have any negative influence on any of the studied variables [67]. In 
contrast, electroacupuncture in pregnant dams exposed to testosterone increased 
blood pressure and impaired placental growth and function, leading to decreased 
fetal growth [67]. A previous study in normal Wistar rats, electroacupuncture given 
in the upper and hind limb and at sacral points during the whole pregnancy did not 
affect embryonic loss after implantation or resorption [68]. Nevertheless, the fetal 
weight was lower in the electroacupuncture groups compared with the no interven-
tion and anesthetized group that served as control for electroacupuncture treatment 
[68]. Thus, acupuncture is not the method of choice to improve fetal growth.

During pregnancy, acupuncture is usually used with caution, because of concerns 
for miscarriages or preterm labor. However, there is no report indicating that acu-
puncture would cause miscarriage or preterm labor. The most common indication 
for acupuncture during pregnancy is nausea and vomiting, pelvic girdle pain, and 
pain relief during labor [69–71].

Although there are no reports indicating that the incidence or the extent of nau-
sea or vomiting is more pronounced in women with PCOS, these problems are com-
mon in all women at early pregnancy, and there is a lack of strong evidence of any 
successful intervention for nausea or vomiting in early pregnancy [72]. An Australian 
clinical trial carried out in 593 pregnant women before 14 weeks of gestation dem-
onstrated that acupuncture given at body points selected according to traditional 
Chinese medicine, or needling of pericardium 6 (PC6) in the forearm or sham acu-
puncture (needles inserted into an area close to, but not on, acupuncture points) 
during 4 weeks, reduces nausea and dry retching, but not vomiting compared with 
no acupuncture (control) [73]. There was no difference among the different acu-
puncture groups. A second report of that trial demonstrated that the obstetric out-
comes did not differ among the groups, which suggests that acupuncture without 
electrical stimulation could be considered safe when it is performed during early 
pregnancy [74].

Acupuncture for pelvic girdle pain during pregnancy has been found to be supe-
rior to supervised exercise and a self-management group [70]. When acupuncture 
was compared with sham acupuncture, there was no significant difference between 
the groups [69], again indicating that the sham acupuncture procedures are not inert. 
Systematic reviews suggest that acupuncture improves pregnancy-related pelvic 
girdle pain, but not low back pain [75]; meanwhile others suggest that acupuncture 
and pelvic belts are the interventions that have the strongest evidence of their 
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positive effects in the relief of lumbo-pelvic pain compared with other physiother-
apy interventions, such as exercise or osteopathic manual therapy [76].

Depression during pregnancy is relatively common, and acupuncture during 8 
weeks has been shown to be more successful to reduce symptoms of depression 
during pregnancy than control acupuncture or massage [77]. Auricular acupunc-
ture has been suggested as a safe and feasible treatment to assist mothers to 
reduce their methadone dose and length of treatment for neonatal abstinence 
syndrome [78].

Acupuncture has also been tested for induction of labor at pregnancy week 38 
with no beneficial effects [79, 80]. During labor pain management, acupuncture 
with or without electrostimulation was less effective than sterile water injections 
[81]. Despite that, electroacupuncture decreased the need for epidural anesthesia 
[81] and the need for pharmacological and invasive methods during delivery [82]. 
Moreover, acupuncture has been demonstrated to decrease the length of the active 
phase of the labor [83]. Although limited evidence, acupuncture and acupressure 
may have a role for reducing pain and the use of pharmacological treatment during 
labor [84], but more research is needed.

17.5  Acupuncture for the Treatment of Infertility 
and Subfertility Cofactors

Infertility and subfertility cofactors in PCOS are discussed in detail in Chap. 6. 
Below the efficacy of the acupuncture for the treatment of these cofactors is 
described. Despite the high prevalence of insulin resistance, impaired glucose 
tolerance, and/or type 2 diabetes in women with PCOS, there is no consensus on 
the best long-term management of these conditions. First line of treatment is life-
style changes including diet and exercise, while pharmacological treatments, 
including metformin, are symptom-oriented and usually effective but have 
unpleasant gastrointestinal side effects. Therefore, it is important to evaluate other 
non- pharmacological treatment strategies because most women with PCOS 
require long-term treatment. Acupuncture may improve symptoms by activating 
mechanisms relevant to weight loss and electroacupuncture can be used to improve 
insulin sensitivity.

17.5.1  Acupuncture and Obesity

A number of studies show that acupuncture activates mechanisms involved in body 
weight regulation and weight loss [85]. The hypothalamus regulates body weight 
via complex interactions between anorexigenic and orexigenic neuropeptides, and 
acupuncture can regulate these obesity-related neuropeptides. Acupuncture can also 
affect central β-endorphin and serotonin release, which in turn alters leptin and 
ghrelin signaling, which may have a favorable influence on food intake and obesity 
[86]. Acupuncture may also be involved in the regulation of the sympathetic-adrenal 
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cortex axis [35, 42]. Further, a number of studies have observed lipid-lowering 
effects i.e., decreased triglycerides, low-density lipoprotein [LDL], and total choles-
terol [87, 88] in response to acupuncture.

Acupuncture mediates central mechanisms that could be relevant to short-term 
weight loss. One research team has shown effects in humans on body weight by 
manual, electrical stimulation and auricular acupuncture [88–90]. Although various 
meta-analyses suggest that acupuncture could have an effect on obesity, the evi-
dences are inconclusive due to low numbers and quality [91, 92]. The majority of 
studies have been performed in China but studies performed outside China are of 
higher methodological quality [92]. One explanation for this may be that in China 
the traditional Chinese medicine focuses on personalized therapy, where symptoms 
and signs judged by the doctor form the basis of treatments, resulting in that patients 
with the same clinical diagnosis may be given different TCM treatments, often dif-
ferent modes of acupuncture in combination with Chinese herb therapy.

Whether acupuncture is a useful treatment for obesity in women with PCOS is 
unclear. In our experimental studies, acupuncture and electroacupuncture improved 
insulin sensitivity and adipose tissue function without influencing adipose tissue 
mass, BMI, or body weight [93–95]. Moreover, in our clinical studies, acupuncture 
did not result in any changes in body composition, BMI, or weight [50, 96]. 
However, more intense acupuncture treatment, 2–3 times a week for 3–6 months, 
decreased body weight and BMI [97, 98]. And, a randomized study with very 
intense treatment, once daily for 6 months, reduced BMI and waist-hip ratio as well 
as total cholesterol, triglyceride, and LDL [51].

In summary, multiple shortcomings have been identified in the systematic 
reviews on the effects of acupuncture on obesity. For example, several studies draw 
their conclusions from uncontrolled trials, and the design of the controlled trials 
suffers from methodological weaknesses and small sample size [99]. The same 
methodological limitations are present for studies including patients with 
PCOS. Further well-controlled, large studies are need if conclusive judgment 
regarding the effectiveness of acupuncture on obesity is to be drawn.

17.5.2  Acupuncture and Insulin Resistance

Reviews support the hypothesis that acupuncture has beneficial effects on insulin 
sensitivity in type 2 diabetes, with no negative side effects [91, 100]. For example, 
electroacupuncture 3 times per week for 3 months improved insulin sensitivity and 
lowered fasting insulin and glucose [97]. And, manual acupuncture, 2 times per 
week for 6 months, improved HOMA-IR [98]. However, the studies included in 
these reviews were underpowered and of poor methodological quality. Secondary 
analyses on metabolic variables in the RCT involving 74 women [50] found no 
effect of acupuncture on insulin sensitivity [101]. Though, in the experimental stud-
ies on DHT-induced PCOS rats that exhibit polycystic ovaries, irregular cycles, obe-
sity, and insulin resistance [57, 58, 102], it was found that more frequent acupuncture 
treatments than we used in our RCT ameliorated insulin resistance [93]. When the 
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intensity was increased further to 5 times per week for 4–5 weeks, electroacupunc-
ture completely restored insulin sensitivity and was equally effective as voluntary 
exercise [95].

This effect may involve regulation of adipose and skeletal muscle tissue signal-
ing pathways because manual and electrical stimulation acupuncture each partly 
restore divergent gene and protein expression associated with insulin resistance, 
obesity, and inflammation in PCOS rats [93, 95]. Moreover, glucose transporter 4 
increased in skeletal muscle after acupuncture, suggesting an increased glucose 
uptake capacity [94, 95]. Clinical studies support this as electroacupuncture 
increases serum adiponectin [97], an adipokine with insulin-sensitizing effects, 
plasminogen activator inhibitor 1 activity, and tissue plasminogen activator decrease 
after electroacupuncture [50], suggesting that is an effective strategy for improving 
a prothrombotic state in women with PCOS [50]. Furthermore, electroacupuncture 
has been shown to reduce plasma glucose levels by promoting insulin production 
and to improve insulin sensitivity by inducing secretion of endogenous β-endorphin 
in different rodent models of diabetes [103, 104]. Acute muscle contraction is a 
potent stimulator of glucose uptake even in insulin-resistant states, and acupuncture 
can reduce plasma glucose in obese and insulin-resistant women [105–107].

In experimental studies, muscle contractions elicited by electrical stimulation 
induce changes in skeletal muscle signaling pathways similar to changes induced by 
exercise [93–95]. The insulin-sensitizing effect seems to be mediated by activation 
of afferent nerves rather than muscle contraction per se [4, 108]. When afferent 
nerves in the electroacupuncture-treated hind limb were cut, the increased insulin 
responsiveness was lost [4], and, although electroacupuncture was superior to man-
ual acupuncture in enhancing insulin sensitivity during stimulation, they were 
equally effective after stimulation [108]. Electroacupuncture, mimicking exercise 
by inducing muscle contractions, could therefore be used to improve insulin sensi-
tivity in patients with a reduced ability to perform physical exercise.

In conclusion, acupuncture and particularly electroacupuncture of low-frequency 
(with most studies using 2 Hz) can improve insulin resistance by increasing insulin 
sensitivity. Even though data is based on a much smaller number of clinical studies 
compared to animal studies, it has the potential to be an effective treatment for many 
insulin-resistant conditions, not only PCOS. More studies are needed to evaluate the 
clinical relevance, and this is an important area to investigate because most women 
with PCOS require long-term treatment. There is one completed prospective pilot trial 
investigating the effect of 5 weeks of combined manual and electrical stimulation acu-
puncture (Clinicaltrials.gov: NCT01457209) and three ongoing trials including women 
with PCOS (ClinicalTrial.gov: NCT02026323, NCT02491333 and NCT02647827).

17.5.3  Acupuncture and Mental Health

In women with breast cancer, 12 weeks of acupuncture improved health-related 
quality of life (HRQoL) and sleep assessed with the Women’s Health Questionnaire 
[109], general well-being assessed with the symptom checklist, and mood assessed 
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with the mood scale [110]. Similarly, acupuncture improved HRQoL assessed by 
the Short Form 36 (SF-36) in patients with chronic pain conditions, such as dys-
menorrhea [111] and pain from osteoarthritis [112]. Acupuncture with manual stim-
ulation [113, 114] and electroacupuncture have been shown to be effective in the 
treatment of major depression disorder in women [115–118] and in women with 
depression during pregnancy [77, 119] and postpartum [120]. Although there are a 
few studies indicating that acupuncture may improve HRQoL and symptoms of 
anxiety and depression in non-PCOS patients [121–123], only one study has inves-
tigated its effect as a secondary outcome measure in women with PCOS [124]. 
There was a modest improvement in HRQoL and depression and anxiety scores in 
women treated with acupuncture, with no significant difference compared with an 
untreated control group. Although a modest effect, these data suggest continued 
investigation of the effect of acupuncture on mental health in women with PCOS.

 Conclusion

This chapter summarizes experimental and clinical data of acupuncture in the 
treatment of women with PCOS from a western medical perspective. Studies 
demonstrate that acupuncture regulates sex steroid production and also the 
gonadotrophin secretion resulting in more regular cycles. Whether acupuncture 
can be used for ovulation indication with the aim for pregnancy is currently 
under evaluation. In the recent Cochrane review, it was concluded that there is 
insufficient evidence for acupuncture in the treatment of ovulatory disorders [1]. 
The use of acupuncture for cofactors including metabolic dysfunction and men-
tal health issues needs further investigation. Important to point out is that the 
control situation in acupuncture trials is under continuous debate, as the sham 
acupuncture procedures are not completely inert as they modulate CNS suggest-
ing that control acupuncture evokes physiological responses as well [125].
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18Intrauterine Insemination

Madelon van Wely

18.1  Introduction

Treatment of women with polycystic ovary syndrome (PCOS) is symptom ori-
ented. Infertility due to anovulation is the most common reason for women with 
PCOS to seek treatment. In the previous chapters, many treatment options have 
been described, like ovulation induction with metformin, clomiphene citrate (CC), 
aromatase inhibitors and gonadotrophins. All these treatments can be combined 
with intrauterine insemination (IUI). Controlled ovarian (hyper)stimulation (COH) 
refers to the use of gonadotrophins to induce maturation of multiple ovarian folli-
cles. These multiple follicles can be retrieved for use in in vitro fertilisation (IVF) 
or be given time to ovulate. Sometimes IVF was planned but the ovarian hyper-
stimulation resulted in only one or two dominant follicles. In such a case, a conver-
sion to IUI is an option. Poor ovarian response is however an unexpected finding in 
women with PCOS. There is no specific data on the effectiveness of conversion to 
IUI after COH in women with PCOS. In an ovulatory population of women with 
poor ovarian response and less than four dominant follicles, IVF was found to be 
more effective and also more cost-effective than IUI [1, 2]. Conversion to IUI bears 
the risk on multiple pregnancies; thus, conversion to IUI should only be done in 
case of one or two dominant follicles [3].

COH in women with PCOS planned to undergo IUI assumes that we aim at the 
ovulation of a multiple number of oocytes. In the past, this was indeed a standard 
practice that resulted in many cancellations of cycles, a high multiple pregnancy 
rate and unacceptable ovarian hyperstimulation syndrome (OHSS) risks. A recent 
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case-control study found that compared to natural conception, the use of fertility 
drug was strongly associated with multiple births, and this association was even 
stronger when IUI was used [4].

Nowadays we aim at the prevention of multiple pregnancies as well as the pre-
vention of OHSS. This has resulted in low-dose stimulation regimens and close 
monitoring. The goal is to not exceed the gonadotrophin concentration above which 
more than one follicle will respond. When ovulatory cycles do not result in concep-
tion, slightly looser criteria might be considered. In ovulatory women that fail to 
conceive without any other reason for subfertility, two follicles were more effective 
than one follicle [3]. As this approach is focussed on mono- or maximally bifollicu-
lar growth, ovulation induction is the better term here. Ovulation induction has been 
extensively described in the previous chapters.

The more general question in this chapter is therefore whether we should use IUI 
or not in women that undergo ovulation induction.

18.2  IUI in Women with PCOS

IUI is a relatively simple technique that was developed long ago for male factor 
infertility [5]. The first publication on IUI in humans was in 1799 by Everard Home. 
His brother-in-law inseminated a woman whose husband had severe hypospadias. 
The rationale behind IUI was to increase sperm density at the site of fertilisation by 
depositing motile sperm in close proximity of the oocyte [6]. Over the decades, IUI 
was increasingly applied in couples with unexplained subfertility, human immuno-
deficiency virus (HIV)-discordant couples, sperm donation treatment and finally 
PCOS. Potential indications and contraindications for IUI in PCOS are summarised 
in Table 18.1.

In IUI, a small volume of processed semen is injected trans-cervically into the 
uterine cavity around the expected time of ovulation. Processing involves a washing 
procedure to improve chances of fertilisation by purifying the progressively motile 
and morphologically normal spermatozoa and removing the seminal fluid. The old-
est method is the washing and centrifuging of spermatozoa through culture medium. 
The swim-up is a commonly used technique when the semen sample has a normal 

Table 18.1 Indication and 
contraindications for IUI in women 
with PCOS

Indications
Sexual dysfunction
Requiring donor sperm
Failure to conceive following six ovulatory cycles
Male subfertility (pre-wash total motile sperm count 
between 5 and 12 million per ml)
Mild endometriosis
In case of HIV infection
Contraindications
Both tubes blocked
Male infertility
Genital tract infection
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number of good sperms (normozoospermia). By this technique, the sperms are 
selected on their motility and the capability to swim out of the seminal plasma 
(Fig. 18.1). Alternatively, a density gradient centrifugation can be used (Fig. 18.1). 
This is probably the preferred technique to select the greater number of motile sper-
matozoa when there is no normozoospermia and theoretically the safest technique 
in case of viral infections. By this method, good-quality sperms can be separated 
from dead sperms, leukocytes and the other components of the seminal plasma 
using a density discontinuous gradient. These semen preparation techniques have 
been compared in a review, but studies were too small and limited in number to 
detect a difference in pregnancy chance following IUI [7]. Semen washing has been 
shown to prevent virus transmission in HIV-discordant couples desiring children, 
regardless of viral suppression in the male partner [8].

Before the insemination, women with PCOS will undergo ovulation induction 
with either CC, CC plus metformin, letrozole or gonadotrophins (see Chaps. 9, 10, 
11, and 12). By ultrasound evaluation of follicular growth and endometrial thick-
ness on days 11–14 of the cycle, nonresponse can be identified as well as multiple 
follicle development. Monitoring may help in timing natural intercourse or IUI, but 
solid evidences are lacking (especially for oral ovulation inductors). An ovulation- 
triggering dose of human chorionic gonadotrophin (hCG) at mid-cycle is often done 
in IUI cycles though there is no evidence that it improved pregnancy chance. 
National Institute for Health and Clinical Excellence (NICE) guidelines suggest that 
no more than six cycles with CC should be done. This guideline is not based on 
solid evidence. A cohort study suggests that half of the women ovulating on CC 
without a conception after 6 cycles can reach an ongoing pregnancy when continu-
ing ovulation induction with CC up to 12 cycles [9].

In case of gonadotrophins, daily low-dose injections of gonadotrophins are com-
bined with concurrent blood and ultrasound monitoring after 4 days of medication. 
Subsequent monitoring visits will depend on the actual follicle development. At the 
moment, however, there is no data suggesting that an intensive (and combined) 
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Fig. 18.1 Graphical presentation of density gradient centrifugation and the swim-up technique
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monitoring is more effective and safer versus non-intensive (and ultrasonographic 
alone) monitoring. When required, adjustments in the dose can be made. It can be 
difficult to stimulate the development of a single dominant follicle. Because of the 
inherent nature of exogenous gonadotrophin treatment, multifollicular development 
is not uncommon, despite careful dose adjustment and monitoring, and it may be 
necessary to cancel the cycle to prevent multiple pregnancies and overstimulation. 
Ovulation is usually triggered with a single injection of hCG 5000 units when at 
least one follicle of at least 17 mm in its largest diameter has developed. To reduce 
the risks of multiple pregnancy and OHSS, hCG should not be administered if a 
total of three or more follicles larger than 14 mm in diameter have developed. In 
overstimulated cycles, hCG is withheld and the patient is counselled about the risks 
and advised to refrain from sexual intercourse [10].

Once the dominant follicle has reached the appropriate size, hCG is administered 
to trigger ovulation. This is usually done when the leading follicle has reached a size 
of at least 18 mm. There is low-grade evidence suggesting that the diameter of the 
leading follicle should be larger in CC cycles than in gonadotrophin cycles, i.e. at 
least 20 mm in CC cycles and at least 18 mm in gonadotrophin cycles [11].

The IUI procedure will be performed around the time of ovulation, typically 
about 32–36 h following hCG gift [12, 13]. The actual insemination procedure is 
done with a catheter through which the post-washed spermatozoa are directly placed 
into the uterus.

In IUI a single insemination is standard. There is no evidence that multiple 
inseminations result in more pregnancies though such has not been evaluated in a 
randomised setting. Several randomised trials have evaluated the effectiveness of 
single versus double insemination in women with unexplained subfertility. Pooling 
this evidence in a meta-analysis suggested that single insemination resulted in the 
same pregnancy rate as double insemination [14].

18.3  Efficacy Data in PCOS

IUI is theoretically expected to result in higher pregnancy rates than intercourse, 
although this has never been compared head to head. IUI requires extra labora-
tory work and more hospital visits and will therefore be more expensive. The 
rationale behind IUI is bypassing the cervical mucus barrier and bringing the 
semen closer to the released oocyte. In addition, washing and preparation of 
semen increases the density of motile, morphologically normal spermatozoa at 
the site of conception.

IUI is often applied in women with PCOS undergoing ovulation induction though 
its effectiveness compared to timed/regular intercourse has not been settled. 
Pregnancy rates after IUI as well as after timed intercourse (TI) have been registered 
to range between 6% and 15% per cycle.

Aiming to find all available, preferably randomised, studies on the effectiveness 
of IUI, a literature search was done up to the 15th of June 2016. We searched 
Medline, Embase and the trial registries. MeSH terms used were intrauterine 
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insemination, ovulation induction and pregnancy. The search was directed at women 
with World Health Organization (WHO) II anovulation and/or women with 
PCOS. In woman with PCOS undergoing ovulation induction, IUI was compared to 
natural conception or TI in only two studies.

The first one was a randomised trial [15]. In this trial, 188 women had been allo-
cated to three consecutive cycles of ovulation induction with CC and IUI (93 
women, 259 cycles) or three consecutive cycles of CC with TI (95 women, 
266 cycles). There were 18 live births (19%) following CC + IUI and 18 live births 
(18%) following CC alone. The clinical pregnancy rates were 23% versus 22%. 
Two twin pregnancies occurred in each group. This small study suggested IUI did 
not improve pregnancy outcomes in women with PCOS undergoing ovulation 
induction with CC.

The second study was a retrospective cohort study [16]. Couples were women 
with PCOS and men with normal semen analysis. Ovulation induction was done 
with CC, letrozole or gonadotrophins with or without IUI. Of a total 265 cycles, 
151 cycles were with IUI and 114 others with TI. Clinical pregnancy rates were 
17% in the IUI group and 18% in the TI group. This study did not adjust for con-
founders like type of ovulation induction and female age. The quality of the evi-
dence was very low but did not suggest differences in pregnancy outcomes in 
ovulation induction cycles with or without IUI.

On the basis of the available studies, it seems there is no direct evidence in favour 
of IUI in a general population of couples with PCOS undergoing ovulation induc-
tion, whether with CC, aromatase inhibitors or gonadotrophins. We are presently 
awaiting the results of the Movin trial. In this randomised controlled trial (RCT), 
660 women were randomised to receive ovulation induction with CC or gonadotro-
phins with or without IUI [17].

18.4  Efficacy Data in Couples with Unexplained Subfertility 
or Male Subfertility

In view of the limited evidence for IUI in women with PCOS, it is interesting to 
evaluate the evidence of IUI in other populations. Most evidence on IUI is available 
for couples with unexplained subfertility and couples with mild male subfertility. 
Though these populations are different from couples with PCOS, the results may 
provide insight into the potential effectiveness of IUI in women with PCOS.

18.4.1  Unexplained Subfertility

Couples with unexplained subfertility do not have identifiable problems to explain their 
subfertility. Unexplained infertility is usually defined as a lack of conception after 1 to 
2 years of regular sexual intercourse in couples for whom the results of a standard 
infertility evaluation are normal. This population presents a proxy for the population of 
women with PCOS that did not conceive the following six ovulatory cycles.
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The effectiveness of IUI in couples with unexplained subfertility undergoing ovar-
ian stimulation has recently been evaluated in a Cochrane review [18]. The authors 
found 14 RCTs that compared IUI and expectant management or TI in couples with or 
without ovarian stimulation with CC, letrozole or gonadotrophins. We were only inter-
ested in the seven trials that compared IUI and TI or expectant policy in couples that 
underwent the same ovarian stimulation in both arms as these trials provide the best 
evidence to evaluate the effectiveness of IUI. All these trials provided data on clinical 
pregnancy but most did not have data on live birth rate. Only the data on clinical preg-
nancy rate are shown here as an indication for the potential effectiveness of IUI.

The clinical pregnancies per woman for the women undergoing IUI versus TI or 
expectant policy in stimulated cycles are depicted in Fig. 18.2 for each individual 
study. On the right side of this figure, the relative risks are given per study. The 
results were summarised using meta-analysis, both per type of stimulation and as a 
total. The individual studies were of small and of low quality. The 95% boundaries 
largely overlap indicating low heterogeneity in results across studies as is reflected 
by the inconsistency measure I2. Overall IUI resulted in more clinical pregnancies 
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than either TI or expectant management [relative risk (RR) 1.4, 95% confidence 
interval (CI) 1.07–1.86]. In view of the limited available data on live birth rate and 
the limited quality of the available studies, no solid conclusions can yet be drawn on 
the effectiveness of IUI. However, the available data do suggest IUI improves preg-
nancy chances in women with unexplained subfertility.

18.4.2  Mild Male Subfertility

When the male partner of a woman with PCOS has mild male subfertility, IUI is 
indicated according to the NICE guidelines. Couples with mild male subfertility are 
diagnosed following abnormal semen parameters, usually according to WHO 
guidelines [19]. IUI has not been evaluated in a clinical study in couples with both 
PCOS and mild male subfertility. However, there have been several randomised 
studies that evaluated IUI in couples with mild male subfertility without PCOS.

The effectiveness of IUI in couples with mild male subfertility has also recently 
been summarised in a Cochrane review [20]. The authors found ten RCTs that com-
pared IUI and expectant management or TI in couples with or without ovarian stim-
ulation with CC, letrozole or FSH. We were only interested in the trials that 
compared IUI and TI or expectant policy in couples that underwent the same or no 
ovarian stimulation in both arms.

Four RCTs comparing IUI with TI had pregnancy data such that a RR could be 
calculated (Fig. 18.3). One trial compared IUI and TI in natural cycles and found no 
evidence of a difference in pregnancy rates between IUI versus TI (RR 3.73, 95% 
CI 0.22–64). Three trials compared IUI and TI in stimulated cycles and found no 
evidence of a difference in pregnancy rates between IUI versus TI (RR 1.37, 95% 
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CI 0.79–2.40). The direction of the effects seems comparable to that observed in the 
trials done in couples with unexplained subfertility. However, the available studies 
were too small to draw conclusions on.

 Conclusion
Although IUI is widely used in women with PCOS undergoing ovulation induc-
tion, the evidence underpinning the efficacy is scarce.

When IUI is not required, there is no reason to use it, for instance, when the 
ovulation disorder is the only obstacle for conception. NICE guidelines recom-
mend ovulation induction with IUI in women with PCOS and associated male 
factor infertility and in women who ovulate on ovulation induction treatment but 
do not conceive following six ovulatory cycles (National Institute for Health and 
Clinical Excellence Fertility Guidelines [21]). This recommendation seems to be 
consistent with the suggestion that IUI appears to be beneficial in unexplained 
subfertility and in mild male subfertility. On the other hand, this advice is of low-
grade evidence, while good-quality evidence is lacking. At this moment, we do 
not really know whether women with PCOS who ovulate upon ovulation induc-
tion treatment benefit from IUI.

IUI has often been compared to TI. TI interferes with natural intercourse. 
Some authors have argued that TI may therefore be less effective than expectant 
management [22, 23]. There are no studies that directly compared TI with 
expectant management. One review summarised the trials of IUI of male part-
ner’s prepared semen among subfertile couples according to whether the control 
group had TI or expectant management [24]. The authors found no evidence of a 
difference but did suggest that TI resulted in slightly lower pregnancy rates than 
both IUI and expectant management.

One RCT in the Netherlands evaluated IUI in this population and has just 
finished enrolment of women into the trial. This trial allocated women with 
PCOS that ovulate on CC but did not conceive after six ovulatory cycles to one 
of four study arms: CC or gonadotrophins followed by IUI or an expectant pol-
icy, i.e. advising the couple to have regular intercourse. Women were treated for 
six cycles or until an ongoing pregnancy [17]. The results of this trial are expected 
to become available in 2017 and will hopefully provide more solid evidence on 
the effectiveness of IUI.
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19Controlled Ovarian Stimulation 
for In Vitro Fertilisation Cycles

Raoul Orvieto

19.1  Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrinopathy among 
women of reproductive age [1, 2]. Women with PCOS are at increased risk for the 
metabolic syndrome but also of infertility [3]. The optimal treatment for infertile 
women with PCOS has not yet been defined. The recognition of the controversies 
surrounding the treatment has led to the European Society of Human Reproduction 
and Embryology (ESHRE)/American Society of Reproductive Medicine (ASRM) 
consensus that addressed the therapeutic challenges raised in women with infertil-
ity and PCOS, the various treatments available and their efficacy as well as their 
safety [4].

In vitro fertilisation (IVF) and embryo transfer (ET) are an effective therapy for 
PCOS patients and result in pregnancy rates that are comparable with those for 
women with tubal factor infertility [5, 6]. Moreover, because the number of multiple 
pregnancies can be kept to a minimum by transferring small numbers of embryos, 
IVF-ET became a reasonable option to PCOS patients who are refractory to conven-
tional infertility modalities or who have coexisting infertility factors [4, 5]. 
Eijkemans et al. [7] demonstrated a 72% cumulative singleton live birth rate follow-
ing ovulation induction using clomiphene (CC) as first-line treatment and gonado-
trophins as second-line treatment, meaning that 28% of PCOS patients should be 
practically referred to IVF.
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PCOS patients are known to demonstrate numerous clinical presentations with 
clinical heterogeneity as a rule. Part of this heterogeneity results from the PCOS 
definition established at the Rotterdam conference, using 12 follicles of 2–9 mm 
diameter per ovary for the polycystic ovarian morphology (PCOM) [1] (see Chaps. 
2 and 7). Accordingly, the ovarian response of PCOS patients to controlled ovarian 
hyperstimulation (COH) correlates with ovarian morphology, which varies between 
hyperresponse, to patients who are collectively referred to as “poor responders” or 
“low responders”. Moreover, since the ovarian overresponse is the result of follicu-
lar excess, which correlates with serum anti-Müllerian hormone (AMH) levels [8], 
AMH level might be a useful tool in categorising PCOS patients according to their 
expected ovarian response to COH.

Many COH strategies have been offered for the treatment of patients with PCOS 
undergoing IVF [5, 9–12]. Nevertheless, no compelling advantage for one stimula-
tion protocol over another has been hitherto established, and the optimal stimulation 
protocol is still under debate [4].

The ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group has argued 
for the need to perform further randomised controlled trials (RCTs) comparing 
follicle- stimulating hormone (FSH) stimulation protocols with the use of GnRH 
agonist versus GnRH antagonist. However, in an era where IVF success, individu-
alisation and careful tailoring of the COH protocol and patient’s safety are interre-
lated and mandatory, such RCT would raise several ethical and legal issues.

Severe ovarian hyperstimulation syndrome (OHSS) is a serious life-threatening 
complication of ovulation induction and should be of an important consideration in 
PCOS patients. Moreover, while meta-analyses have yielded conflicting results for 
pregnancy rate, with a tendency towards a better outcome utilising the long GnRH- 
agonist suppressive protocol than the GnRH-antagonist protocol [13], the GnRH- 
agonist COH protocol resulted in an increase incidence of severe OHSS [14, 15]. It 
was therefore suggested that in patients at high risk for severe OHSS (such as the 
PCOS patients), the use of the GnRH antagonist should be the preferred COH pro-
tocol during their first IVF attempt, since it enables the use of GnRH agonist, instead 
of human chorionic gonadotrophin (hCG), to trigger ovulation, with the consequent 
elimination of severe OHSS [16].

19.2  Metformin in COH Cycles

Metformin, an orally active biguanide, enhances insulin sensitivity by the inhibition 
of hepatic glucose production and by increasing glucose uptake and utilisation into 
muscle tissue (see Chap. 11). For approximately two decades, metformin has been 
also used in PCOS patients to improve insulin resistance and reduce hyperinsu-
linemia with the subsequent improvement in PCOS metabolic and hyperandrogenic 
disturbances [17].

A systematic review by Costello et al. [18] demonstrated that while the co- 
administration of metformin to gonadotrophin ovulation induction and IVF does not 
improve ovulation, pregnancy or live birth rates, it does consistently affect ovarian 
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response during ovulation induction with variable effects on the length of ovarian 
stimulation, total dose of FSH used, peak serum oestradiol (E2) level and the num-
ber of oocytes collected and significantly reduces the risk of OHSS. Moreover, 
while addressing the therapeutic challenges raised in women with infertility and 
PCOS, the ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group [3] has 
therefore concluded that there is no evidence for improved live birth rates with the 
use of metformin, and metformin should be, therefore, restricted only to those 
patients with glucose intolerance.

We therefore recommend that every PCOS with impaired glucose tolerance, or 
insulin resistance, should be treated with metformin, starting 6–8 weeks prior to 
COH, in an attempt to improve COH variable and to reduce the risk of developing 
severe OHSS.

19.3  Long GnRH Agonist Protocol Versus Multiple-Dose 
GnRH Antagonist Protocol in COH Cycles

When the ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group has 
argued for the need to perform further RCTs comparing COH protocols with the use 
of GnRH agonist versus GnRH antagonist, it relies on Griesinger et al. [11] meta- 
analysis. Four RCTs were eligible for analysis in PCOS patients. No differences in 
outcomes were found, except a significantly shorter duration of stimulation, when 
GnRH-antagonist multiple-dose protocol and GnRH-agonist long protocol were 
compared [11]. However, due to the sample sizes (118 and 107 patients in the 
GnRH-antagonist and agonist COH protocols, respectively) and the inadequate 
power to detect subtle differences, they emphasised that their observation was 
limited [11].

The addition of the hitherto published RCTs to Griesinger et al. [11] meta- 
analysis revealed a tendency towards a better outcome using the GnRH-agonist pro-
tocol (Table 19.1) [19–26]. This observation was consistently supported by our 
previous retrospective studies, demonstrating that PCOS patients undergoing COH 
utilising the long GnRH-agonist suppressive protocol showed a significantly higher 

Table 19.1 Clinical pregnancy rate from studies comparing the GnRH antagonist to the GnRH- 
agonist protocols in PCOS patients

Source Year Antagonist Agonist
Kim 2004 7/21 7/20
Hwang 2004 10/27 10/29
Bahceci 2005 34/73 41/75
Ashrefi 2005 5/30 6/30
Lainas 2007 15/26 32/52
Kurzawa 2008 20/37 21/37
Vrtacnik-Bokal 2009 3/10 3/10
Lainas 2010 58/110 68/110

Combined 152/334 (45.5%) 188/363 (51.8%)
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clinical pregnancy rate, as compared to the GnRH-antagonist protocol [27]. 
Moreover, COH with the use of the long GnRH-agonist suppressive protocol yielded 
the higher pregnancy rate in lean PCOS patients [28], as well as in those with high 
basal LH/FSH ratio [29].

A recently published meta-analysis by Lin et al. [30] included nine RCTs that 
examined PCOS patients undergoing IVF/ICSI. The meta-analysis consisted of 588 
women who underwent the long agonist protocols and 554 women who underwent 
the GnRH-antagonist protocols. While the clinical pregnancy rate, number of days 
of stimulation and number of oocytes retrieved were similar in the two groups, those 
undergoing the GnRH-agonist COH protocol required a higher dose of gonadotro-
phin. However, since the occurrence of OHSS was found to be unexpectedly com-
parable in Lin et al. meta-analysis [30], it might be speculated that it reflects the use 
of step-down/coasting or other used measures to prevent OHSS using the GnRH- 
agonist COH protocol, with the consequent observed decrease, and therefore com-
parable, in IVF outcome.

19.4  PCOS Patients at Their First IVF Attempt

PCOS patients undergoing their first IVF cycle attempt should be offered the GnRH- 
antagonist COH protocol (Fig. 19.1).

19.4.1  GnRH Antagonist Co-Treatment and GnRH Agonist Trigger

In patients who vigorously respond to COH and are at risk to develop severe OHSS 
[31], COH which combines GnRH-antagonist co-treatment and GnRH agonist trig-
ger has already become a common tool aiming to eliminate severe early OHSS and 
to support the concept of an OHSS-free clinic [32, 33]. However, due to the reported 
significantly reduced clinical pregnancy and increased first trimester pregnancy loss 
[34, 35], three different optional strategies were suggested aiming to improve out-
come: freeze-all policy, fresh transfer and intensive luteal support and fresh transfer 
with low-dose hCG supplementation. While the first two options eliminate OHSS, 
the ability of the addition of low-dose (1500 IU) hCG bolus to eliminate OHSS is 
still debatable as below discussed.

19.4.1.1  One Bolus of 1500 IU hCG 35 h After the Triggering Bolus 
of GnRH Agonist

The administration of 1500 IU hCG 1 h after oocyte retrieval [36, 37] was demon-
strated to rescue the luteal phase, resulting in a reproductive outcome comparable 
with that of hCG triggering and with no increased risk of OHSS [38]. However, 
when applied to patients at high risk to develop severe OHSS, 26% developed severe 
early OHSS requiring ascites drainage and hospitalisation [39], a figure that is com-
parable to the acceptable 20% prevalence of severe OHSS in ostensibly high-risk 
patients [40].
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19.4.1.2  One Bolus of 1500 IU hCG Concomitant with GnRH Agonist 
(Dual Trigger)

The administration of 1500 IU hCG 34–36 h before oocyte retrieval was suggested 
as a method which improves oocyte maturation, while providing more sustained 
support for the corpus luteum than can be realised by the GnRH-agonist-induced 
LH surge alone [41, 42]. While acceptable rates of fertilisation, implantation, clini-
cal pregnancy, ongoing pregnancy rates and early pregnancy loss were achieved in 

hCG to trigger ovulationGnRH agonist to trigger ovulation

PCOS patients undergoing
their 1st IVF attempt 

COH with a GnRH antagonist

Patients not at risk to
develop severe OHSS

Transfer one embryo and the patient is
instructed to continue intense luteal

support 

Signs of early OHSS No signs of early OHSS

Freeze all policy Intensive luteal support with E2 and progesterone.
Follow 3 days post OPU

Patients at risk to develop
severe OHSS 

OPU³20 oocytes OPU<20 oocytes 

Transfer one embryo and the patient is 
instructed to inject 1,500 IU of hCG

and to continue intense luteal support

If insulin resistance -
start metformin

Fig. 19.1 IVF treatment in PCOS patients undergoing their first IVF attempt
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high responders after dual trigger [41, 42], the incidence of clinically significant 
OHSS was not eliminated but rather reduced to 0.5% [42].

19.4.1.3  One Bolus of 1500 IU hCG 5 days After the Triggering 
Bolus of GnRH Agonist

While the freeze-all policy was applied to all patients yielding more than 20 oocytes, 
those triggered with GnRH agonist, who achieved less than 20 oocytes, were 
instructed to start an intensive luteal support with E2 and progesterone, the day fol-
lowing OPU, and were re-evaluated 3 days after oocyte retrieval (on the day of 
embryo transfer) for signs of early or moderate OHSS (ultrasonographic signs of 
ascites as reflected by the appearance of fluid surrounding the uterus/ovaries and/or 
haematocrit levels >40% for the degree of haemoconcentration) [43, 44]. If no early 
signs of OHSS developed, one embryo was transferred, and the patients were 
instructed to inject 1500 IU of hCG [43, 44]. By deferring the hCG bolus by 3 days 
(5 days following GnRH agonist trigger), the corpus luteum was rescued, with an 
observed extremely high mid-luteal progesterone levels [44] and reasonable preg-
nancy rate, with no patient developing severe OHSS. However, while these prelimi-
nary results are promising, the small sample size mandates further large RCTs [44].

19.4.2  Combined Oral Contraceptive (COC) Pretreatment

COCs were shown to induce significant reduction of hormonal and clinical param-
eters in PCOS patients, e.g., a significant inhibition of gonadotrophin release, reduc-
ing androgenic milieu, Ferriman-Gallwey score and ovarian volume [45]. However, 
while COC pretreatment in patients undergoing the GnRH-antagonist COH proto-
col resulted in better synchronised response and a scheduled cycle, it also caused 
significantly longer duration of the stimulation, higher gonadotrophin consumption 
and, possibly, a lower ongoing pregnancy rate. The detrimental effect of pretreat-
ment COCs was related to the potential negative effect of its gestagen component on 
the endometrium, or the low endogenous LH levels induced by COCs, with their 
deleterious impact on oocyte competence or endometrial receptivity.

Recently, anti-androgenic COC pretreatment was shown to result in a signifi-
cantly higher oocyte yield in oocyte donors, as compared to donors receiving andro-
genic gestagens, and a comparable yield to donors without COC pretreatment. 
These differences were maintained after adjustments for donor age and total FSH 
dose used in ovulation induction [46].

19.5  PCOS Patients After First IVF Attempt

Following the first failed IVF attempt, and in cases where an additional IVF cycle 
attempt is required, patients may be offered either the GnRH-antagonist or agonist 
COH protocols. In cases demonstrating a previous vigorous response to daily 
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low- dose gonadotrophin stimulation, the GnRH-antagonist protocol would be prob-
ably the protocol of choice, enabling the substitution of hCG with GnRH agonist for 
final follicular maturation (Fig. 19.2).

Otherwise, and specifically in those in whom <20 oocytes were retrieved in the 
first IVF cycle attempt, the long GnRH-agonist suppressive protocol might be 
offered in one of the regimens below detailed.

.

PCOS patients who achieved<20 oocytes in their
previous IVF attempt

Individually tailored COH protocol
GnRH antagonist or GnRH agonist (including low-dose FSH stimulation/dual

suppression/modified ultra-long) 

Patient is instructed to start oral
carbegoline 0.5 mg a day for 8 days,
and is followed for 5 days post OPU

Embryo transfer on day 2/3

OPU³20 oocytes and or ³10 embryos OPU<20 oocytes and 

or£10 embryos

Cryopreserve all embryos

Signs of early OHSS No signs of early OHSS

In patients £ 35 yearsold in one of their first
2 attempts, transfer 1 blastocyst. Otherwise,

transfer 2 blastocysts.

No pregnancy

In GnRH agonist COH (low-
dose FSH stimulation/dual
suppression/modified ultra-
long)-hCG trigger

In GnRH antagonist COH-
GnRH-agonist triggered and

follow Fig.1

Fig. 19.2 IVF treatment in PCOS patients undergoing their second and more IVF attempt
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19.5.1  Low-Dose FSH Stimulation Protocol

Marci et al. [47] have assessed the benefits of a low-dose FSH stimulation protocol in 
61 patients with PCOM, who have presented previously, with a very high ovarian 
response to a standard long GnRH-agonist COH protocol with human menopausal 
gonadotrophin (hMG). A subsequent long GnRH-agonist COH protocol using a daily 
low-dose FSH protocol was offered with an initial dose of 75 IU FSH a day, which 
was increased by steps of 37.5 IU every 4 days in case of no response. The low-dose 
protocol revealed significantly lower number of ampules used, peak E2 and the num-
ber of oocytes retrieved with high implantation (21.8%) and clinical pregnancy 
(38.4%) rates and cumulative deliveries per cycle started and per patient of 41.6% and 
52.5%, respectively. Moreover, while none of the patients using the low-dose protocol 
suffered from severe OHSS, five patients using the standard protocol did.

19.5.2  Dual Suppression with COCs and GnRH Agonists

Damario et al. [12] offered the dual-suppression protocol to patients who had previ-
ously exhibited clinical features suggestive of a heightened sensitivity to exogenous 
gonadotrophin therapy, which included previous cycles of ovulation induction or IVF 
with peak E2 concentrations exceeding 2500 pg/mL or evidence of a previous high 
response to gonadotrophin (i.e., excessive number of oocytes retrieved and/or OHSS).

The dual-suppression protocol consists of COC pretreatment following the onset 
of a spontaneous menstrual period or progestin-induced withdrawal bleeding. COCs 
were taken daily for 25 days. Daily GnRH agonist was started on day 21, overlapping 
the COCs for 5 days. Thereafter, low-dose gonadotrophin stimulation was initiated 
on the third day of subsequent withdrawal bleeding, at which time the daily dose of 
the GnRH agonist was halved. The daily gonadotrophin dosage was decreased in an 
incremental step-down fashion once initial follicular recruitment was established and 
further adjusted individually according to each patient’s follicular response [12].

A review of 99 cycles obtained in 73 high-responder patients using the dual- 
suppression protocol revealed only 13 cancellations prior to embryo transfer 
(13.1%), with clinical and ongoing pregnancy rates per initiated cycle of 46.5 and 
40.4%, respectively. Only eight patients experienced mild-moderate OHSS follow-
ing treatment [12].

When compared to patients who had undergone previous IVF-ET cycles at their cen-
tre, significant improvements were noted in oocyte fertilisation rates, embryo implanta-
tion rates and clinical/ongoing pregnancy rates with the dual-suppression protocol.

19.5.3  Modified Ultra-Long Downregulation Protocol

Gong et al. [48] offered the modified ultra-long GnRH-agonist protocol to PCOS 
patients. The protocol consists of two 1.5–1.875 mg depot GnRH-agonist intramus-
cular injection, applied on day 20 of the patient’s first menstrual cycle and again on 
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day 21 of the following menstrual cycle. Two to three weeks following the last 
injection and after confirmation of pituitary-ovarian suppression, human meno-
pausal gonadotrophin was started. When the ultra-long was retrospectively com-
pared to the conventional long GnRH-agonist protocols, PCOS patients yielded 
thicker endometrium and lower peak progesterone levels and achieved significantly 
higher implantation and pregnancy rates, with comparable gonadotrophin dosages 
required, number of oocytes retrieved, good quality embryo, cancellation, OHSS 
and fertilisation rates.

The prolonged suppression probably contributes to the optimisation of the clini-
cal and hormonal profiles at the start of ovarian stimulation. As was already empha-
sised [45], prolonged GnRH-agonist suppression in PCOS patients was shown to be 
effective in reducing androgenic milieu, Ferriman-Gallwey score, ovarian volume 
and antral follicle count.

These might be further improved when GnRH agonist was combined regimen 
with COCs [45], suggesting that the modified ultra-long GnRH-agonist protocol is 
one of the COH protocol that should be offered to PCPS patients aiming to improve 
IVF outcome.

If the aforementioned long GnRH-agonist COH protocols (triggered with hCG) 
yield >20 oocytes, or >10 embryos develop, the patient should be instructed to start 
oral cabergoline 0.5 mg a day for 8 days [49] and is followed for 5 days after oocyte 
retrieval for signs of early OHSS (see above). If early signs develop, embryo trans-
fer is withheld and all resulting embryos cryopreserved. This approach limits early 
OHSS, if it appears, to a milder and shorter form. If it does not appear, we transfer 
one blastocyst, with the consequent decrease in the risk of multiple pregnancy to 
almost zero, thereby eliminating the risk of late OHSS.

19.6  Luteal Support Following IVF

Luteal phase defect is always present following COH for IVF, either due to the 
luteolytic effect of the GnRH analogues used during COH or as a consequent of the 
supra-physiologic levels of E2 that may both alter endometrial responsiveness to 
progesterone and inhibit LH release by the negative feedback mechanism [50]. A 
recent Cochrane meta-analysis regarding luteal phase support for ART cycles con-
firmed that progesterone exerts a significant positive effect on clinical, ongoing 
pregnancy rates and pooled live birth [51].

 Conclusion
PCOS patients undergoing IVF-ET cycles and COH utilising the mid-luteal long 
GnRH-agonist suppressive protocol are probably associated with a higher clini-
cal pregnancy rate than the multidose GnRH-antagonist protocol, specifically in 
lean patients or those high basal LH/FSH ratio. However, since PCOS patients 
are at high risk to develop severe OHSS, it would be prudent, in the first IVF 
cycle attempt, to offer these patients the GnRH-antagonist COH protocol, with 
its inherent lower risk of OHSS. Moreover, it enables the substitution of hCG 
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with GnRH agonist to trigger ovulation, with the consequent elimination of 
severe OHSS. Further large studies are needed to clarify the role of these two 
GnRH analogues in the different PCOS phenotypes. These studies may help fer-
tility specialists in tailoring of the COH protocol, for optimising IVF success and 
without endangering the patients with severe OHSS.
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20In Vitro Oocyte Maturation

Melanie L. Walls

20.1  Introduction

Human IVM was first reported more than 50 years ago [1]; however, with the intro-
duction of gonadotrophins to stimulate multi-follicular growth [2], research into 
IVM treatment became less popular. This introduction of ovarian hyperstimulation 
also introduced the side effect of OHSS [3], which is a significant clinical conse-
quence of gonadotrophin stimulation, resulting in patient discomfort in the mild 
stages and significant morbidity or mortality in the major forms of the condition [4]. 
Even though IVM provided a viable alternative to avoid ovarian hyperstimulation 
syndrome (OHSS), stimulated IVF treatment expanded worldwide, and it wasn’t 
until 1991 when the first live birth was recorded after IVM following collection by 
ovary biopsy [5]. Following this, in 1994 IVM success was achieved following a 
transvaginal oocyte aspiration (TVOA) [6], and its reported use in the literature has 
continued at a steady pace ever since. IVM treatment has now expanded to treat a 
range of conditions including gamete donation and follicle-stimulating hormone 
(FSH)-resistant ovaries and for fertility preservation. However, the predominant 
patient cohort who are suitable for IVM treatment are those diagnosed with poly-
cystic ovarian morphology (PCOM) and/or polycystic ovary syndrome (PCOS). 
Additionally and most importantly, IVM is currently the only treatment option 
which completely eliminates the risk of OHSS [7].

This chapter will outline the use of IVM as an effective treatment method for 
patients with PCOS and PCOM, as well as summarise the different protocols for treat-
ment regimes, hormonal priming and culture conditions with resulting reproductive 
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outcomes. It will also address the limited current evidence available for the outcomes 
of children born following IVM and where IVM research is heading in the future.

20.2  IVM in the Treatment of Women with PCOM/PCOS

The defining feature for increased IVM success rates is an increased antral follicle count 
(AFC) [8]. Only PCOS patients with PCOM (more than 12 antral follicles) and PCOS 
patients with a high antral follicle (although not so high to be classified as PCOM) count 
could have best benefit from IVM. As the AFC is a determining factor for IVM treat-
ment, patients with fewer than five antral follicles should not be considered for this 
treatment [9]. Considering women with PCOM/PCOS who typically have a very high 
AFC, they therefore respond better to IVM treatment and have more oocytes collected 
from IVM cycles than patients without the condition. While those patients with PCOM 
may still benefit from IVM treatment, a recent meta-analysis showed that implantation 
and clinical pregnancy rates are highest in patients with PCOS [10].

20.3  Treatment Regimes and Hormonal Priming

In theory, IVM requires no exogenous gonadotrophin administration as the imma-
ture oocytes complete their final stages of maturation under the influence of suitable 
culture conditions, tailored to mimic the intra-follicular environment. However, 
hormonal priming using follicle-stimulating hormone (FSH) or human menopausal 
gonadotrophin (hMG) and/or human chorionic gonadotrophin (hCG) is often used 
to ‘prime’ the follicles prior to oocyte aspiration. The results of these protocols are 
contradictory and difficult to evaluate, due to differences in priming and culture 
conditions. FSH priming plays an important role in increasing follicular growth and 
contributes to higher rates of oocytes collected, increased maturation [9], fertilisa-
tion, embryo development and implantation [9], and the highest rates of IVM suc-
cess have been achieved with 3–5 days of FSH priming without hCG triggering 
when the dominant follicle is less than 12 mm [11]. Protocols for hCG priming 
achieve the best result with a 38 h interval from 10,000 IU hCG triggering to oocyte 
collection [12] when the dominant follicle is less than 14 mm [13].

The predominant controversial issue is the use of hCG or gonadotrophin- 
releasing hormone (GnRH) agonist triggers in IVM protocols, as they induce 
nuclear maturation in vivo [14] and, hence, are at odds with the core concept of 
IVM, where maturation by definition takes place in vitro. Additionally, as hCG can 
induce oocyte maturation in vivo in follicles greater than 9 mm [15], this methodol-
ogy is logistically problematic, as oocytes are at varying stages of development 
when they are collected. This in turn leads to multiple insemination times for the 
same patient and subsequent variations in embryo culture stages. Recently, an effort 
to change the clinical definition of IVM has been suggested to categorise the differ-
ent protocols currently employed around the world [16]. The authors suggested four 
definitions of IVM treatment protocols: (1) IVM without triggering, (2) natural 
cycle IVF with early triggering combined with IVM, (3) IVM with short gonadotro-
phin stimulation and (4) modified natural cycle IVF with early triggering combined 
with IVM. However, these definitions are confusing and still allow for a category of 
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patients receiving both FSH priming and hCG triggering which others have sug-
gested be termed ‘truncated IVF’ [17, 18].

More widely accepted definitions have been recommended to include three treat-
ment groups, ‘truncated IVF’(where priming includes both FSH and hCG) and ‘hCG- 
primed IVM’ (where there is no FSH administered and patients receive an hCG or 
agonist trigger), and the definition of ‘IVM’ is suggested to be reserved for those cycles 
with or without FSH/FSH-analogue priming, without the use of ‘gonadotrophins that 
are intended to trigger oocyte maturation in vivo, such as hCG or GnRH agonists’ [18]. 
This is a necessary development for IVM both clinically and for research purposes, to 
avoid comparisons between outcomes of what some consider to be true IVM vs an 
abridged version of standard, stimulated IVF treatment. This will aid to avoid confu-
sion for clinicians, patients and health professionals when IVM is discussed.

20.4  Immature Oocyte Collection

Similarly to priming protocols, procedures for immature oocyte collection in IVM 
cycles show considerable variation. They are mostly centred around a standard 
TVOA procedure with modifications that enable the collection of oocytes from 
small follicles. Clinicians may use a double or single lumen needle, depending on 
whether the protocol employs follicular flushing. Some clinics have reported flush-
ing each follicle up to three times [19], and others do not employ follicular flushing 
[20]. Follicular flushing solutions include HEPES [21] or Hartmann’s supplemented 
with heparin [19]. Additionally, the aspiration pressure used in TVOA for IVM has 
been reported in varying ranges, from 7 kpa (52.5 mmHg) [22] to 200 mmHg [21].

Such as in standard IVF, germinal vesicle (GV) stage oocytes can be identified 
by sight [11, 19], which involves additional training of the embryologist, or by fil-
tering follicular aspirates through a mesh cell strainer [20, 23]. Figure 20.1 repre-
sents a GV stage oocyte located during an IVM oocyte collection. Once the 
cumulus-oocyte complex is removed from the follicle, there is a significant drop in 
the amount of gap junction communication between the cumulus cells and the 
oocyte and a dramatic decrease in cyclic adenosine monophosphate (cAMP) 

Fig. 20.1 A GV stage oocyte 
surrounded by compact 
cumulus oophorus, following 
follicular aspiration (800× 
magnification, SXZ12 stereo 
microscope, Olympus)
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activity [24]. Following removal from the follicle, some oocytes may undergo spon-
taneous nuclear maturation, evidence by the progression to metaphase II (MII) sta-
tus [25]. However, this does not necessarily correlate to cytoplasmic maturity, 
whereby the oocyte gains the capacity for activation and the resumption of meiosis, 
leading to successful fertilisation and ongoing embryo development [26]. This 
needs to be managed effectively in order to prevent spontaneous maturation and 
asynchrony between nuclear and cytoplasmic maturation, which can be detrimental 
to embryo growth, and this is predominantly managed through the development of 
specialised IVM culture systems.

20.5  Oocyte Maturation and Culture

IVM culture differs depending on the base media, culture timing and hormone and 
serum concentrations. A range of culture media have been formulated for use in 
IVM. The two mostly widely used commercially available IVM base media are 
Sage (CooperSurgical, USA) and MediCult (Origio, Denmark), which have shown 
similar success rates [27]. Media specifically formulated for blastocyst culture have 
been used successfully [11, 28] and have comparable success rates compared to 
Sage IVM media [29].

Unlike priming protocols, hormonal additives are common components for cul-
ture media in human IVM. Luteinising hormone (LH) and hCG are important medi-
ators of oocyte maturation as they act on a common granulosa cell receptor to induce 
the intracellular rise in cAMP activity within the oocyte [30]. The cAMP cascade 
then promotes the resumption of meiosis and germinal vesicle breakdown [26]. 
Recombinant LH or hCG are added in concentrations from 0.1 IU/mL [23] to 
0.75 IU/mL [31]. FSH is used to promote cumulus-oocyte complex (COC) expan-
sion and a subsequent rise in cAMP activity leading to increased oocyte maturation 
[32, 33]. The concentration of FSH added is relatively consistent across IVM proto-
cols at 0.075 IU/mL [23, 34] or 0.1 IU/mL [11, 19].

20.5.1  Other Culture Media Additives

Other additives have been suggested to be beneficial to IVM culture media by aid-
ing in either maturation, fertilisation or embryo development. These include insulin- 
like growth factor (IGF-I) [35, 36], epidermal growth factor (EGF) [35, 37, 38], 
meiosis-activating sterols (MAS) [39, 40] and activin [41]; however, these are rarely 
used in routine culture.

20.5.2  Serum or Follicular Fluid in Culture

Human follicular fluid (HFF), inactivated autologous patient serum (maternal 
serum) or foetal bovine serum (FBS) are the three protein additives used most com-
monly in human IVM. HFF supplementation has been used in concentrations 
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ranging from 30% [42] up to 70% [21]. Heat-inactivated FBS has also been used at 
either 10% [43] or 20% [14, 44]. Maternal serum is the most common protein sup-
plement, used in concentrations of 10% [23, 45] or 20% [22, 46]. The use of human 
serum in IVM culture media may provide a number of nutrients and growth factors 
that are involved in the maturation process. There are, however, a number of nega-
tive aspects associated with using serum in embryo culture including contributing to 
ammonia formation, which can be damaging to embryo development through mito-
chondrial disruption [47], and the interruption of the aromatisation process involved 
in the conversion of androgens to oestrogens in granulosa cells [48].

Additionally, concentrations of amino acids, lipids, hormones, antibodies and 
other immunological mediators vary between women according to diet, genetics 
and infection status, such that serum can be highly variable in its potency and toxic-
ity. Additionally, there is the risk of contributing unknown contaminants (microbial 
and otherwise) to the cultured embryos when using serum or HFF preparations. 
However, it is not clear whether the negative effects of serum relevant to embryo 
culture also relate to in oocyte maturation culture. In most circumstances, oocytes 
are only exposed to maternal serum for the first 24–48 h of in vitro culture, depend-
ing on the protocol employed, and are then moved into commercial embryo culture 
media prior to insemination. Regardless, more research is needed into the effects of 
protein additives to IVM culture.

Recent research has investigated the benefits of supplementing IVM culture 
media with cAMP modulators. These include cilostamide and forskolin, which are 
designed to prevent the loss of gap cell junctions following removal of the oocyte 
from the follicle and the subsequent decrease in cAMP activity [49]. cAMP modu-
lators may also prove beneficial during a short pre-IVM period, immediately after 
removal from the follicle, known as simulated physiological oocyte maturation 
(SPOM) [50], although in humans, the benefits of this pretreatment are inhibited by 
heparin, which is most often used during the collection procedure [51]. Initial test-
ing of another cAMP modulator 3-isobutyl-1-methylxanthine (IBMX) in human 
participants was shown to be a safe additive, in terms of the incidence of embryo 
chromosomal aneuploidy rates [52]. Further large-scale trials into its effect on 
human IVM success rates are required.

20.5.3  Culture Timing

Similarly to priming protocols and culture media contents, there are considerable 
variations in oocyte maturation culture time reported in the literature. Following the 
oocyte collection procedure and transport to the embryology laboratory, oocytes are 
placed into maturation culture for at least 24 h [19]; however, culture periods of up 
to 40 h have also been reported [53]. Additionally, if a hCG trigger is used, there 
will be variations in culture timings such as at 24 and 30 h [54] for the same oocyte 
cohort. At the initiation of maturation culture in non-hCG-primed cycles, the GV 
stage oocytes will have a tightly compacted cumulus oophorus (Figs. 20.2, 20.3 and 
20.4), and after maturation culture, expansion of the coronal cells should be visible 
(Figs. 20.5, 20.6 and 20.7).
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Fig. 20.2 Compact coronal 
cells surrounding GV stage 
oocyte following oocyte 
collection

Fig. 20.3 Compact coronal 
cells surrounding GV stage 
oocyte following oocyte 
collection
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Fig. 20.4 Compact coronal 
cells surrounding GV stage 
oocyte following oocyte 
collection

Fig. 20.5 Expanded coronal 
cells following 24 h in 
maturation culture

Fig. 20.6 Expanded coronal 
cells following 24 h in 
maturation culture
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20.6  Fertilisation, Embryo Culture

IVM fertilisation is predominantly performed using intracytoplasmic sperm injec-
tion (ICSI) as fertilisation and implantation rates were originally reported as signifi-
cantly lower than IVF-inseminated oocytes following IVM [23]. However, following 
a small, sibling oocyte study, no significant differences were seen between those 
fertilised by ICSI and IVF in outcomes of fertilisation, blastocyst development or 
implantation rates [28]. When using IVF as a fertilisation technique, it is important 
to consider that there is a potential conflict in the timing at which maturation/fertili-
sation check is performed between ICSI and IVF. IVF oocytes are allowed an addi-
tional 16–20 h prior to denudation and, therefore, additional time to undergo 
spontaneous and late maturation which may skew fertilisation results if they are 
calculated per oocyte matured.

Following fertilisation, embryo culture practices generally do not differ from 
standard IVF, and culture timing should reflect what is normally performed in any 
treating clinic. The majority of reports of clinical IVM culture perform 3 days of 
culture and transfer or freezing of cleavage stage embryos [22, 23, 44]; however, as 
with standard IVF treatment, blastocyst culture in IVM has become more prevalent 
[55]. Blastocyst culture may also be preferable in IVM as embryo development may 
be impaired during the early cleavage stages, with higher rates embryo arrest 
reported during the second and third cell cycles; however, embryo arrest during 
compaction and blastulation as well as kinetic time points were no different from 
standard ICSI treatment [56]. Blastocyst culture would therefore enable the deselec-
tion of embryos which may appear to be of suitable quality at the cleavage stage but 
fail to progress further.

Fig. 20.7 Expanded coronal 
cells following 24 h in 
maturation culture
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20.7  Transfer/Cryopreservation

Endometrial priming is required if IVM-derived embryos are intended to be trans-
ferred in fresh cycles, and this is achieved using oestrogen and progesterone supple-
mentation. This methodology shown to be beneficial when administration begins at 
the mid-follicular timing of the cycle [57] with at least 6 days of oestrogen necessary 
for endometrial receptivity [58]. High rates of implantation and live birth can be 
achieved by oestrogen supplementation 2 days prior and progesterone supplementa-
tion commencing on the day of oocyte collection, extending to the day of pregnancy 
test [11]. However, significantly higher rates of miscarriage and early pregnancy loss 
were seen following transfers in fresh IVM cycles compared to fresh IVF cycles, and 
this is not evident following frozen transfers [19]. Therefore, a freeze-all approach 
may provide the best outcomes for patients following IVM treatment.

20.8  Reproductive Outcomes

A recent systematic review and meta-analysis of treatment strategies for PCOS was 
inconclusive in regard to IVM as no RCTs were identified [59]. Success rates from 
non-RCT publications vary considerably in reported outcomes, and the results are 
difficult to compare due to the differences in treatment protocols. Reports of implan-
tation rates for IVM range from 0% [9] to 34.5% [23] for cycles with no hormonal 
priming, 21.6% [9] to 47.7% [11] for cycles with recombinant FSH priming only, 
8.9% [22] to 26.8% [60] for cycles with hCG priming only and 9.7% [46] for cycles 
with both FSH and hCG administered.

One of the primary reasons for the limited use of IVM around the world is that 
traditionally it is significantly less successful than standard IVF. There are only 
three reports of clinical IVM outcomes which include an IVF control group, all of 
which report lower live birth rates in PCOM/PCOS patients from fresh cycles [28, 
34, 61]. In addition, miscarriage rates following fresh IVM cycles are significantly 
higher than in IVF and ICSI cycles [62], although this may be influenced by PCOS 
status and not the IVM procedure itself and/or insufficient endometrial conditions 
following fresh cycles, as this is not seen following frozen embryo transfer cycles 
[28]. The small size of these studies as well as the large variation in results further 
highlights the need for a large-scale, randomised clinical trial for IVM treatment.

20.9  Birth Outcomes

It is estimated that more than 3000 births have been achieved worldwide following 
IVM treatment, and although there is very limited research on the outcomes of these 
children, that which is available demonstrates a very positive outlook. Only six 
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publications to date have reported on neonatal outcomes from IVM births. The 
reported incidence rates of congenital birth defects include 0% [11, 65], 2.1% [64], 
7.1% [63], 5.1% [66] and 3% [19] (Table 20.1). Additionally, Walls et al. and Fadini 
et al. included IVF controls and found no difference in congenital birth defects 
between the two treatments. However, the number of live births included within 
these data sets was small, with some including multiple births, and therefore, further 
large-scale studies are needed to determine the true impact of IVM treatment on 
congenital malformation.

Other measurements of neonatal health including Apgar scores have been 
reported in multiple studies and are within normal ranges [65] or show no signifi-
cant difference to controls for singleton live births [66–68]. The incidence of adverse 
outcomes is often confounded by multiple births as many IVF centres worldwide 
still routinely transfer multiple embryos, though evidence suggests this is not best 
practice [69]. Regardless of multiple birth outcomes, the incidence of congenital 
birth defects, preterm birth and low birth weight, which are often associated with 
ART treatments (especially in PCOS patients), is low following IVM treatment.

Such as for birth outcomes, long-term outcomes from children born following 
IVM are unknown, and there are currently no long-term data on children born from 
IVM. However, the limited reports of the follow-up to children born from this tech-
nique do not demonstrate any adverse outcomes. The first study published on the 
development of children following IVM reported follow-up at 6, 12 and 24 months 
after birth and found that physical growth at all stages as well as neurological and 
neuropsychological outcomes were normal [65]. There were minor developmental 
delays in 8/43 children at 12 months (19%), but this decreased to 3% at 24 months. 
Their findings did not include IVF controls; however, they were within normal 
ranges for the general population.

Very few reports of early childhood outcomes are available employing standard 
IVF controls for IVM treatment. However, in one such study, it was reported that no 
differences in height or weight were found in 6 and 24 months of age in IVM infants 

Table 20.1 Neonatal outcomes of live births following IVM treatment

Reference Singleton Twins

Congenital 
birth defects 
(%)

Mean birthweight 
grammes (twins)

Preterm birth 
<37 weeks 
(twins)

IVF 
control 
group

[63] 24 4 2 (7.1) 3252 ± 516 
(2361 ± 304)

1
2 (one set)

No

[64] 46 2 1 (2.1) 3720 1
2 (one set)

No

[65] 40 6 0 (0) 3550 ± 441 
(2622 ± 194)

2 (4) No

[66] 153 43 10, 2 from twin 
births (5.1)

3269 ± 616 
(2311 ± 577)

26 (15) Yes

[67] 34 4 Not reported 3119.5 ± 871 Not reported No
[19] 33 0 1 (3.0) 3364 ± 590 (N/A) 2 (N/A) Yes
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compared to standard IVF controls [68]. Additionally, there was no difference in 
mental developmental index and psychomotor scores between the two groups 
according to the Bayley Scales of Infant Development. Following these reports, in a 
cohort of French children, female infants born from IVM treatment displayed 
increased mean weight, height, body mass index (BMI) and head circumference at 
birth compared to those born following standard IVF treatment with ICSI. These 
outcomes remained significantly higher than the control group after 2 years of fol-
low- up [67]. It is yet to be determined whether these findings are related to underly-
ing infertility and PCOS rather than the IVM procedure itself. It appears that growth 
and development of IVM children falls within normal limits; however, further 
research is crucial to determine outcomes into early childhood, adolescence and 
adulthood.

20.10  The Risks of Aneuploidy and Epigenetic Variation

There is very little evidence of the effects of IVM on the risk of embryo chromo-
somal aneuploidy. Two case-control studies utilising fluorescence in situ hybridisa-
tion (FISH) reported no difference in the incidence of chromosomal abnormality 
between IVF- and IVM-derived embryos [70, 71]. Only one study has reported on 
the use of array comparative genomic hybridisation (aCGH) with IVM-derived 
embryos. This study involved the addition of the phosphodiesterase inhibitor IBMX 
into the culture media, and rates of aneuploidy were found to be similar to the 
researchers’ previously published data from standard IVF treatments [72]. The lim-
ited data available in regard to aneuploidy and IVM highlights the need for more 
research in this area.

Similar to the risks of aneuploidy, concerns have been raised about the possible 
interference of IVM with epigenetic mechanisms and in particular with genomic 
imprinting. A systemic review of the risks of imprinting defects following oocyte 
culture in animal studies shows reassuring evidence of correct imprinted DNA 
methylation while highlighting the need for further research [73]. Additionally, 
research into the impacts of IVM on epigenetic variation in human oocytes is lim-
ited, and there is currently no information available on a genome-wide scale. 
Instead, researchers have focused on the analysis of selected imprinting genes and 
their error rates following IVM treatment. In one study of IVM, it was found that for 
the selected genes LIT1, SNRPN, PEG3 and GTL2, there were no significant 
increases in imprinting mutations [74]. In a more recent study, researchers com-
pared six imprinting, five tumour suppressors, two pluripotency and two metabolic 
genes from cord blood and chorionic villus samples. Two repetitive elements were 
included to detect genome-wide DNA methylation changes in both, to detect allele 
methylation errors and found no difference in epigenetic changes between samples 
from 11 IVM and 19 IVF control neonates [75]. Therefore, while there is a clear 
need for further research, the limited data available so far is reassuring with respect 
to the continued use of IVM as a treatment for infertility.
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 Conclusions
With significant improvements to success rates in recent years, IVM may be consid-
ered a valuable treatment option for ART clinics. This is especially important for 
patients with PCOS who are at a significantly higher risk of developing OHSS. There 
have been significant milestones made in animal models from the investigation of 
oocyte-secreted factors growth-differentiation factor nine (GDF9) and bone mor-
phogenic protein 15 (BMP15). These form part of the transforming growth factor β 
(TGFβ) superfamily and are necessary components for functional fertility [76, 77]. 
These factors produced by the oocyte act through paracrine signalling as regulators 
of granulosa/cumulus cell expansion and differentiation [78, 79]. The addition of 
recombinant forms of these factors to IVM culture media and/or other additives 
such as cAMP modulators may help improve success rates even further.

However, there still remains a clear need for large-scale randomised con-
trolled studies to validate IVM success compared to standard IVF. Additionally, 
further research into the long-term outcomes of children born following IVM is 
necessary, even though initial assessments of children born from the technique 
show promising results. Finally, in order for IVM to become a more widely 
accepted treatment method worldwide, there needs to be a more standardised 
approach to protocols which will enable clinics to more easily implement this 
important treatment option.
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21.1  Introduction

Polycystic ovary syndrome (PCOS) is a medical condition characterised by meta-
bolic disturbance with reproductive consequences. The aetiology of PCOS is under-
pinned by insulin resistance (IR) which is with compensatory hyperinsulinaemia 
being a prominent feature of PCOS affecting approximately 65–80% of women with 
PCOS. It is well established that there are a number of intra- and extra-ovarian fac-
tors which negatively affect the reproductive performance of women with PCOS, 
which interfere with oocyte maturation and ovulation [1–4]. Hyperinsulinaemia 
leads to an increased androgen microenvironment within the ovary, directly related 
to both ovarian androgen biosynthesis and a decrease in hepatic sex hormone- binding 
globulin (SHBG) synthesis. The excess in local ovarian androgen production aug-
mented by hyperinsulinaemia causes premature follicular atresia and anovulation 
[5]. Systemic hyperinsulinaemia is further exacerbated by the central obesity that 
affects 50% of women with PCOS, which further exacerbates the situation [6], as 
obesity leads to a further reduction in serum levels of SHBG, increased levels of total 
testosterone, free androgen index, fasting glucose, fasting insulin and a more adverse 
lipid profile when compared to normal weight women with PCOS [6].
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Further to the reduction in ovulatory frequency, multiple serum, follicular factors 
and cytokines in patients with PCOS are believed to adversely affect oocyte quality 
[3] (see Fig. 21.1), and adverse changes within the endometrium in association with 
IR lead to a reduction in embryo implantation [7] and an increase in miscarriage rate 
[8] (see Chap. 5). Again all these effects are exacerbated by coexisting obesity [9].

Women who are overweight are less likely to ovulate or spontaneously conceive 
and once pregnant are more likely to miscarry [10]. Furthermore, maternal obesity 
has a number of adverse effects on both pregnancy and delivery including pre- 
eclampsia, gestational diabetes, premature delivery, stillbirth [11] and congenital 
malformations in the offspring [12]. Consequently, therapies that are directed 
towards weight loss are of particular importance for women with PCOS.

This chapter discusses the interventions that are recommended for the induction 
of ovulation in women with PCOS, and a proposed systematic approach to the man-
agement although very limited data exists to justify the order of drug therapies, as 
there exists some difficulty in accessing clomiphene citrate in some jurisdictions, 
letrozole is ‘off label’ in some countries and gonadotrophin medication may be 
prohibitively expensive in some countries but cost-free to the patient in other juris-
dictions. Hence, treatment should be individualised and may differ from one coun-
try to the next, and when further studies are performed to develop a systematic 

PCOS

Intraovarian
Factors

Alterations

Poor Egg

Poor Embryo

EGF   VEGF
FGF   Cytokines
IGF    Others?

NFG
TGFβ

Extraovarian
Factors

LH   Others?
FSH
Insulin
Androgen

Fig. 21.1 Some of the intra- and extra-ovarian factors that are associated with the pathology of 
PCOS that may negatively influence oocyte and subsequent embryo quality with permission from 
Qiao and Feng [3]
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approach to treatment, it is essential that the end point studied is a live birth, and 
ideally a singleton pregnancy [13]. However, it is essential whenever ovarian stimu-
lation is performed that close monitoring of the response is implemented with the 
aim of inducing mono-follicular ovulation, with the ideal monitoring performed by 
a combination of serum monitoring and ultrasound examination to limit the number 
of multiple pregnancies (see Fig. 21.1).

21.2  Effective Lifestyle Interventions

Lifestyle therapy as a first-line treatment aims to promote weight loss and prevent 
weight gain where required [14] (see Chap. 13). Excess weight adversely affects all 
features of PCOS including reproductive [15, 16], psychological and metabolic fea-
tures of the disease [17]. Women affected by PCOS are known to have a higher level 
of weight gain than non-affected women [18].

Effective lifestyle interventions to optimise body mass index (BMI) and improve 
overall insulin resistance remain the recommended first-line strategy to improve 
fertility and reproductive outcomes [9, 18]. A particular challenging situation often 
arises for the overweight woman with PCOS, where there is the further negative 
influence of the patient’s age on the chances of conceiving. In this situation an indi-
vidualised approach to her management is often required. Hence, a woman over 
35 years of age may be encouraged to address lifestyle changes for 3 months, 
whereas a younger woman may be encouraged to try a more protracted period of 
lifestyle intervention, before resorting to ovulation induction therapy.

21.2.1  Weight Loss

Overall weight loss of as little as 5–15% can lead to improvements in biochemical 
hyperandrogenism, menstrual cyclicity, ovulation and fasting insulin and glucose 
levels [19]. The exact mechanism by which weight loss restores reproductive func-
tion is not fully understood; however, it is thought that improvements are a result of 
increased insulin sensitivity from weight loss [20].

21.2.2  Dietary Interventions

There has been increasing focus on the macronutrient composition of the dietary 
interventions in lifestyle modification for women with PCOS to aid with weight 
loss. Current evidence suggests that it is the overall caloric restriction rather than the 
macronutrient composition, carbohydrates, protein and the fat content, which is 
effective for weight loss leading to the subsequent clinical benefits [17, 18, 21]. 
More evidence is needed to ascertain if there is an overall diet composition that is 
more beneficial to patients with PCOS [18].
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21.2.3  Exercise

Exercise has significant benefits to both the metabolic and reproductive outcomes of 
PCOS independent of diet-related weight loss [18]. The long-term metabolic bene-
fits of exercise suggest that all women with PCOS should incorporate exercise into 
their regular lifestyle. The mechanism by which exercise improves reproductive 
outcomes is not fully understood, although it is thought to be related to an improve-
ment in IR [14]. There is no current recommendation on the best exercise type, 
duration or regime for women with PCOS and subfertility to suggest that one 
approach is better than another [14, 22]. Women who are overweight with BMI in 
excess of 25 kg/m2 should undertake at least 150 min of exercise per week, with 
90 min of this at moderate to high intensity level to improve fertility outcomes [18].

In a small randomised controlled trial (RCT) that compared exercise directly with 
a low caloric diet [23], exercise was shown to be more effective than diet, with 
respect to the regulation of menstrual cycles and ovulation when compared to diet 
alone. The study demonstrated no improvements in anthropometry, metabolic health, 
fertility or overall quality of life, although the intervention of exercise led to signifi-
cant improvement in IR for ovulatory women [23]. A recent observational study 
agreed with these finding that as metabolic disorder is often present in lean women 
with PCOS lifestyle, intervention with exercise is still beneficial at improving these 
adverse metabolic and reproductive features [24]. However, a recent multicentre ran-
domised controlled trial of lifestyle intervention for obese infertile women (not with 
PCOS per se) failed to demonstrate a benefit of the lifestyle intervention, which 
consisted of calorie restriction and exercise, on the chance of a live birth after 
6 months of lifestyle intervention followed by 18 months of fertility treatment [25].

21.2.4  Behaviour Modification

It is a challenge for all individuals attempting to embrace a lifestyle change. For 
women with PCOS, it has been suggested that optimising psychological factors, 
including health coaching principles with appropriate education addressing achiev-
able goals, risk perception and patient-driven goal setting, may assist with motiva-
tion and engagement in the implementation of successful lifestyle changes [18].

21.2.5  Bariatric Surgery

The use of bariatric surgery can be considered for obesity treatment if lifestyle inter-
ventions thus far have been unsuccessful. Bariatric surgery is associated with a 
reduced rate of gestational diabetes and large-for-gestational-age infants. However, 
it is also associated with intrauterine growth restriction, preterm birth and an 
increased risk of stillbirth or neonatal death [26]. A significant concern for women 
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who undergo bariatric surgery is the potential for subsequent nutritional deficien-
cies; a recent study reported no significant effect of bariatric surgery on the overall 
risk of congenital malformations [27]. Current recommendation for women who 
undergo bariatric surgery is that they should delay attempts to conceive for at least 
1 year after surgery [26], as it is only then that their reproductive chances have sub-
stantially increased, the obstetric risk is reduced and the long-term cardiometabolic 
consequences for the child have improved. The benefit of bariatric surgery for 
weight loss for subfertile women is demonstrated by a meta-analysis of almost 600 
women as over two-thirds of infertile women spontaneously conceived after surgery 
[28]. Based on current evidence, bariatric surgery should be used with caution fol-
lowing appropriate patient selection and counselling, after intensive lifestyle inter-
ventions have been exhausted.

In summary, lifestyle modification (dietary intervention and increased physical 
activity) (Figs. 21.2 and 21.3) remains the optimal treatment strategy for over-
weight/obese women with PCOS [22]. Weight loss of 5–10% achieved with long-
term caloric restrictions (5–6 months) improves IR, hyperandrogenism, menstrual 
function and fertility [22] and will result in significant benefits for long-term meta-
bolic health. There are no large RCTs of lifestyle intervention studies with the end 
point of live birth rate [22, 29], although lifestyle interventions will lead to an 
increase in ovulation rates. Lifestyle management (including single or combined 
weight loss), exercise and behavioural techniques should be first-line techniques for 
women to prevent weight gain and promote weight loss where required. These 
interventions are cost-effective and can be commenced at the primary care level 
[17, 18] (see Figs. 21.2 and 21.3).

Weight loss As little as 5-10% weight loss may help with spontaneous
ovulation 

Diet composition Hypo-caloric diet is advised to achieve weight loss. More
research is needed on specific diet composition for
women with PCOS  

Exercise Exercise independent of weight loss has overall benefits
to metabolic component of POCS specifically IR. The
duration and best type of exercise to undertake is
unknown   

Bariatric surgery Consider if lifestyle treatment has failed. Patients should
avoid pregnancy for 12 months 

Behaviour
modification 

Improves engagement and success in all lifestyle
interventions  

Fig. 21.2 Lifestyle modification summary
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21.3  Ovulation Induction Methods

21.3.1  Clomiphene Citrate (CC)

CC is considered the first line of pharmacological management to induce ovulation 
in women with PCOS [30, 31] (see Fig. 21.4). Its use since the 1960s has reassured 
clinicians on the reliable safety and efficacy profile of this medication [32]. CC has 

FIRST LINE MANAGEMENT

BMI/>30 kg/m2 BMI>/35 kg/m2

SECOND LINE MANAGEMENT 

Lifestyle Management (single or combined approaches to diet,

exercise or behavioral interventions) is recommended as first

line treatment for all women with PCOS aiming for a BMI </25kg/m2  

In women with PCOS BMI>/

30kg/m2 with age related

infertility taken into account,

intensive lifestyle

modification should be first

line therapy for 3-6 months to

see if ovulation occurs       

Pharmacological OI should

not be recommended first

line therapy in women with

PCOS who are morbidly obese

(BMI ≥ 35kg/ m2) until weight

loss has occurred either

through diet, exercise,

bariatric surgery, or other

appropriate means        

Ovulation Induction can be considered as a second line

management in infertility, once appropriate weight loss has

occurred  

Fig. 21.3 Lifestyle algorithm management of BMI. Adapted from PCOS Australian Alliance and 
Jean Hailes Foundation for Women’s Health [18]
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an ovulation rate of 60–85% and a pregnancy rate of 30–50% after 6 ovulatory 
cycles [18, 32]. The discrepancy between these two rates has been attributed to the 
antioestrogenic effects of CC on the endometrium and cervical mucus [18, 32]. 
Rates of twin pregnancy and triplets with clomiphene citrate are 5–7% and 0.3%, 
respectively, but can be reduced with very close cycle monitoring with ultrasound 
examination. Importantly the incidence of ovarian hyperstimulation syndrome is 
less than 1% [33].

CC is commenced on day 2–5 of the menstrual cycle for 5 days starting with 
50 mg/day and increasing to maximum of 150 mg/day [18]. CC resistance is reached 
if ovulation is not achieved on the maximum dose, and therapy should then be 
reviewed. If pregnancy cannot be achieved after six ovulatory cycles with clomi-
phene citrate, then the patient is described as having CC failure [34]. It is best prac-
tice to limit a patient’s lifetime exposure to 12 treatment cycles, as there is conferred 
risk of borderline ovarian tumours with additional cycles [35]. Furthermore, as this 
chapter goes to press, there is a concern regarding the ongoing supply of the drug 
clomiphene worldwide.

21.3.2  Metformin

The association of insulin resistance contributing to anovulation in PCOS has led to 
the introduction of insulin-sensitising drugs in an attempt to restore ovulation and 
enhance pregnancy rates. Metformin can be introduced as either first-line mono-
therapy or to compliment other therapies to induce ovulation [18, 30] (see Chap. 11). 
Metformin has been the most widely studied hypoglycaemic drug in women with 
PCOS and has the most reassuring safety profile [30, 36]. Metformin can have some 
mild gastrointestinal-related side effects; thus, patients need to be counselled on 
these prior to commencing treatment [18].

There is no difference between the effectiveness of metformin and CC as first- 
line monotherapy for ovulation induction in nonobese women’s BMI ≤30 kg/m2 
with PCOS [18, 37, 38]. However, if a patient is using first-line CC therapy and is 
deemed CC resistant, metformin should be added to improve fertility outcomes 
rather than persisting with further treatment with CC alone [18, 30]. However, for 
obese women (BMI ≥30 kg/m2), the pregnancy and live birth rate appears to be 
overwhelmingly higher for CC vs. metformin [30, 38, 39] and should be considered 
first-line treatment in this instance.

21.3.3  Letrozole

Letrozole is the most commonly aromatase inhibitor used as an oral ovulation- 
inducing drug. This class of drugs were first proposed as new ovulation-inducing 
agents in 2001 to avoid some of the undesired antioestrogenic side effects of CC 
therapy [32] (see Chap. 10). The most commonly used aromatase inhibitor is letro-
zole [40]. The primary mode of action is to inhibit oestrogen production by 
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inhibiting the enzyme aromatase and stopping the conversion of androgens to oes-
trogens leading to a substantial reduction in oestrogen levels [41]. This method of 
action avoids oestrogenic-based negative feedback in the hypothalamus and 
increases follicle-stimulating hormone (FSH) secretion by the pituitary [32]. The 
accumulation of androgens in the ovary allows an increase in follicular sensitivity 
to FSH [42]. It is currently an off-label drug for ovulation induction and is generally 
prescribed for 5 days at the beginning of the follicular phase at doses of 2.5–7.5 mg/
day [43].

Current meta-analysis from letrozole use shows no difference in ovulation rates 
of letrozole vs. clomiphene. However, live birth rate and pregnancy rate are thought 
to be significantly greater in those patients using letrozole compared with CC [32]. 
There are no differences in the multiple pregnancy and miscarriage rates among 
different therapy groups. It is postulated that the improved live birth and pregnancy 
rates observed among the patients that used letrozole are explained by differences in 
the pharmacodynamics between the two drugs [32].

The evidence about the risk of congenital abnormalities with the use of aroma-
tase inhibitors remains unclear [18, 32], and whilst there is increasing evidence 
about the effectiveness of aromatase inhibitors, current recommendation is that it 
may be considered as a first-line therapy for ovulation induction. However, there are 
detractors who view the data on the efficacy of letrozole in a circumspect manner 
[44]. As letrozole appears to be more effective in obese women than CC, North 
American studies will have a favourable bias towards letrozole in terms of efficacy, 
and potential genetic differences across populations require the convincing North 
American [45] to be replicated in other populations, and furthermore it is not clear 
from the literature what ‘letrozole resistance or failure’ is; hence, more work is 
required [44].

21.3.4  Gonadotrophin Therapy

Gonadotrophin therapy can also be implemented as second-line pharmacological 
therapy to induce ovulation (see Chap. 12). Evidence would suggest that induction 
of ovulation with gonadotrophin administration is highly effective and leads to 
more rapid conception than using clomiphene, the drugs are more expensive, and 
the intervention requires more cycle monitoring. Evidence would suggest that using 
gonadotrophins [46] may lead to a higher rate of multiple pregnancies, cycle cancel-
lation and ovarian hyperstimulation syndrome compared with clomiphene citrate as 
first-line treatment, and this can be minimised by expert cycle monitoring [18]. It is 
generally considered appropriate to proceed to the second-line approach of gonado-
trophin therapy after 3–6 months of documented ovulation, without conception, or 
in a woman who has documented CC resistance despite increasing the starting dose 
and the addition of metformin. It is recognised that this process can be very frustrat-
ing for patients as the treatment regime often appears protracted. However, if it is 
explained to patients that a woman with a normal menstrual cycle would generally 

E. Coghlan and R.J. Hart



297

expect to try for several months prior to seeking fertility assistance, it will assist her 
to rationalise the protracted regime that she has embarked upon.

As detailed in Chaps. 12 and 18, to minimise the risk of multiple follicle devel-
opment, a ‘low-dose step-up’ protocol is well established in fertility practice [47, 
48]. Gonadotrophin administration is commenced at 25, 37.5, 50 or occasionally 
75 IU per day of FSH for 7–10 days, and then the dose is increased incrementally 
by 25–37.5 IU every week if there is no development of a follicle ≥12 mm in size. 
Ovulation is triggered when there is development of a solitary follicle ≥18 mm in 
size in the absence of any other follicles in excess of 14 mm in size. Alternatively, a 
‘step-down’ protocol can be used with a starting dose of 150 IU of FSH until a 
dominant follicle develops, although this is less favoured. The dose of gonadotro-
phins is then decreased until the triggering of ovulation with human chorionic 
gonadotrophin (hCG) [49].

The addition of intrauterine insemination (IUI) is not appropriate for women 
who purely require ovulation induction therapy unless the partner is absent, hence 
requiring frozen sperm, or for a single woman, or if she were in a same-sex relation-
ship, where donor sperm would be required. The use of IUI may also be required if 
there exists a minor impairment of the semen parameters or intercourse is not fea-
sible, either due to difficulties with maintenance of an erection or with vaginismus. 
It may also be appropriate to consider IUI treatment in a young woman who has not 
conceived after six cycles of documented ovulation, when it could be considered 
that a degree of unexplained infertility is now evident. In this situation it would be 
appropriate to consider ovarian hyperstimulation to develop two dominant follicles 
as there must now be a further impediment to conception in addition to a lack of 
ovulation. For more details about the use of controlled ovarian stimulation for IUI, 
see also Chap. 18.

21.3.5  Ovarian Drilling

Ovarian drilling should be considered a second-line treatment indicated for infertile, 
anovulatory women with CC-resistant PCOS [50]; it may have a role as first-line 
treatment if laparoscopy is indicated in the patient for another reason [18] (see 
Chap. 15).

The mechanism by which ovarian drilling works is not clearly understood; how-
ever, it is thought that it may involve destruction of the ovarian stroma that produces 
the androgens [50]. The following results always occur: a decline in plasma luteinis-
ing hormone (LH) and in pulsations, a temporary fall in inhibin B, a (moderate) rise 
in gonadotrophins and sex hormone-binding globulin and a constant fall in andro-
gens (especially testosterone) [50].

When ovarian drilling is compared to gonadotrophin use, there is no difference 
in live birth rate, pregnancy rate and ovulation rate per patient or miscarriage rate 
per pregnancy, with a reduced multiple pregnancy rate. Further benefits of ovarian 
drilling include a significantly less financial burden and lack of requirement for 
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cycle monitoring for the patients compared with gonadotrophin use [51]. The evi-
dence comparing ovarian drilling to metformin for live birth rate per patient, ovula-
tion rate per cycle, pregnancy rate per cycle, pregnancy rate per patient and 
miscarriage rate per pregnancy is conflicting [18]. It is important to consider that 
ovarian surgery, although performed using a laparoscopic approach, is associated 
with both increased intraoperative and postoperative risks, especially in women 
who are overweight or obese [18]. It may also be appropriate if a laparoscopy is 
being performed for another indication such as mild endometriosis for a woman 
with ovulatory disorder, with patent fallopian tubes who have a partner with normal 
semen parameters. However, unless the patient had religious, ethical or financial 
reasons to prevent her proceeding with IVF treatment, a woman over 35 years with 
ovulatory disorder in the presence of endometriosis would be best advised to pro-
ceed to IVF treatment (see Fig. 21.4).

21.4  IVM and Its Role in PCOS

A proportion of women who do not respond to first- and second-line therapies will 
ultimately proceed on to IVF, or as they may have a primary indication for IVF, such 
as fallopian tube compromise or due to male-related factors [52] (see Chap. 20). It 
is generally considered appropriate to consider proceeding to either IVM or IVF 
treatment after 6–12 cycles of ovulation induction therapy that were unsuccessful. 
In women with PCOS, the supraphysiological doses of gonadotrophins used for 
controlled ovarian hyperstimulation can provoke the development of a large cohort 
of follicles of uneven quality [52, 53]. This may result in the retrieval of immature 
oocytes leading to poor fertilisation and lower cleavage, pregnancy and live birth 
rates. Furthermore, such women also face significant risk of and the potentially life- 
threatening complication of ovarian hyperstimulation syndrome (OHSS) [52, 53].

IVM was first reported as an alternative treatment to overcome these challenges 
in 1991 and involves the retrieval of immature oocytes (at the germinal vesicle 
stage) followed by growth in culture up to the metaphase II stage, replacing the 
maturation process that would normally occur in the ovary [54, 55]. The number of 
oocytes retrieved in IVM is higher in women with PCOS than women without 
PCOS women due to the higher antral follicle count. This newer method of assisted 
reproductive technology (ART) is useful intervention for women with PCOS-related 
subfertility allowing oocytes to retain their maturational and developmental compe-
tence [55] and avoiding the complication of OHSS [56].

There are no RCTs to guide clinicians on whether it is more beneficial to perform 
IVM than IVF in women with PCOS [53, 55]. However, with exceptionally high 
pregnancy rates in experienced hands, the process of IVM offers an opportunity for 
young women with PCOS who are at a significant risk of OHSS the ability to have 
a successful oocyte retrieval avoiding the discomfort associated with IVF [57]. 
Furthermore, it enables them to return home without the need for close observation, 
which has particular benefits for patients in a remote environment, such as Western 
Australia [56]. Recent observational data using both fresh and frozen transfer cycles 
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*There is increasing concern worldwide on the ongoing supply of clomiphene citrate 
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Fig. 21.4 Management of ovulation induction [18, 44]
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demonstrates that the cumulative biochemical pregnancy, clinical pregnancy and 
live birth rates are significantly lower in IVM compared with conventional IVF [53, 
55, 58]; however, for frozen embryo transfer cycles, there were no differences in the 
biochemical pregnancy, clinical pregnancy, live birth or miscarriage rates between 
the two treatment groups [56]. The rate of OHSS was 0% in the IVM group com-
pared with 7–11% in the IVF group [56, 59]. IVM also has a significantly lower 
treatment burden to the patient with less consumption of gonadotrophin medication, 
decreased need for cycle monitoring and acceptable rates of blastocyst development 
[58] and is ideally suited to the young woman with PCOS who is at particular risk 
of OHSS.

21.5  Managing IVF Cycles in Patients with PCOS

If a woman with PCOS undertakes IVF, there are a number of strategies that can be 
incorporated into her treatment to minimise her risk of developing OHSS (see 
Chap. 19). The use of a GnRH antagonist protocols with the use of a GnRH agonist 
trigger has emerged as an alternative to the traditional GnRH agonist protocol and 
triggering of oocyte maturation with hCG [60] and leads to a significantly reduced 
risk of OHSS [61], without negatively affecting clinical pregnancy rate or miscar-
riage rates, when an embryo is replaced in a subsequent cycle [62]. Additionally, the 
concurrent use of metformin for women with PCOS during IVF cycles reduces their 
risk of OHSS by fourfold [63] (see Chaps. 11 and 19). Cabergoline is a dopamine 
receptor agonist that is now also increasingly used during IVF cycles in women with 
PCOS. It reduces the risk of OHSS by disrupting the follicular fluid hormone micro-
environment, as it acts on the VEGF receptor within the vascular system, and should 
be prescribed at a dose of 0.5 mg per day for 5 days from the trigger injection prior 
to oocyte retrieval [64, 65]. Furthermore, the adoption of a ‘freeze-all’ approach for 
women with PCOS can be implemented which further decreases the overall risk of 
OHSS without negative impacts on miscarriage or clinical pregnancy rates as this 
enables the ready use of a GnRH trigger in an antagonist cycle and avoids the late- 
onset OHSS established by the release of hCG from the implanted embryo [66] (see 
Chap. 19).

 Conclusion

PCOS is a common medical condition and, consequently, is often encountered in 
any fertility practice. Women with PCOS have an excellent prognosis for con-
ception; however, the treating clinician is encouraged to adopt a systematic 
approach to their treatment. This often involves addressing lifestyle issues and 
treating concurrent comorbidities prior to embarking on ovulation induction. 
Care should be individualised and often will involve addressing weight loss; 
however, in the older patient delay in commencing treatment may not ultimately 
be in the patient’s best interest, and if the couple have a further factor limiting 
conception, pharmacological induction of ovulation may not be the best approach 
and either IUI, IVM or  IVF/ICSI may well be more appropriate. Adopting a 
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careful approach to ovulation induction to minimise multiple pregnancies with 
ovulation induction is imperative, and for women who require IVF treatment 
ensuring that strategies to minimise OHSS are adopted is essential.
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22Complications of Pregnancy

Stefano Palomba and Bart C.J.M. Fauser

22.1  Introduction

The primary endpoint in reproductive medicine should be the healthy mother and 
offspring, and all other (clinical and/or biological) endpoints should be considered 
as surrogates [1, 2]. Nonetheless, most publications of infertility clinical trials do 
not show clear data about the harms of medical, surgical and biological procedures 
for enhancing fertility [3]. In fact, only 4.8% and 5.7% of randomised controlled 
trials (RCTs) on infertility treatments are reported on neonatal and maternal out-
comes, respectively [4]. In part, this is due to difficulty in obtaining data since 
obstetric and neonatal care are delivered by other providers, and patients are lost to 
follow-up.

In recent literature a shift in attention can be observed towards the causes of this 
increased obstetric risk, in particular it seems to be influenced by three main deter-
minants: multiple gestation [5, 6], patients and/or couples’ characteristics and 
comorbidities [7–9] and infertility treatments and biological manipulations [6, 10]. 
However, it is very difficult to precisely estimate the amount of the risk of specific 
reproductive disorders on individual pregnancy outcomes due to a lack of high- 
quality data and to heterogeneity of the studied populations, often mixing assisted 
reproduction technologies (ART) and spontaneous conceptions. Finally, infertility 
itself is considered a risk factor for obstetric complications, creating an inherent 
bias in studies of fertility treatment [3].
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The polycystic ovary syndrome (PCOS), a heterogeneous condition character-
ised by metabolic alterations and infertility [11], has been also closely linked to 
maternal, neonatal and obstetric complications. At the moment, many systematic 
reviews with [12–14] and without data synthesis [7] demonstrated an increased risk 
of pregnancy complication in women with PCOS. The current chapter will sum-
marise the current knowledge regarding pregnancy complications in women with 
PCOS and its potential pathophysiology.

22.2  Clinical Data

Three main systematic reviews with meta-analyses [12–14] are available in litera-
ture and comparing pregnancy outcomes in women with PCOS versus controls 
(Table 22.1). Moreover, the available meta-analytic results were not adjusted for 
body mass index (BMI) or other confounders. In addition, they were the results of 
the inclusion of retrospective studies and the included longitudinal prospective data 
regarded relatively small populations.

Available data on the risk of miscarriage in women with PCOS are conflicting 
[15]. The increased miscarriage rate observed in women with PCOS seems to be 
closely dependant on BMI [16]. The data synthesis of nine randomised controlled 
trials (RCTs) comparing women with and without PCOS undergoing IVF demon-
strated, without statistical heterogeneity, no difference in miscarriage rates (odds 
ratio (OR) 0.9, 95% coefficient interval (CI) 0.5–1.8) [17]. Moreover, recent obser-
vational clinical data [18], in which patients with PCOS were matched to controls 
by age and BMI, demonstrated an increased risk of miscarriage of about 70% 
(adjusted OR (aOR) 1.70, 95%CI 1.56–1.84).

Gestational diabetes mellitus (GDM) is the most common pregnancy complica-
tion observed in women with PCOS. Recent prospective studies [19–22] showed an 
incidence of GDM in women with PCOS from 14.7% to 22%. Aggregated data 

Table 22.1 Main pregnancy complications in women with polycystic ovary syndrome (PCOS)

Outcome Boomsma et al. [12] Kjerulff et al. [13] Qin et al. [14]
Maternal
PIH 3.67 (1.98–6.81) 4.07 (2.75–6.02) 3.07 (1.82–5.18)
PE 3.47 (1.95–6.17) 4.23 (2.77–6.46) 3.28 (2.06–5.22)
GDM 2.94 (1.70–5.08) 2.82 (1.94–4.11) 2.81 (1.99–3.98)
Preterm delivery 1.75 (1.16–2.62) 2.20 (1.59–3.04) 1.34 (0.56–3.23)
Neonatal
SGA 1.16 (0.31–5.12) 2.62 (1.35–5.10) –
LGA – 1.56 (0.92–2.64) –
Macrosomia 1.13 (0.73–1.75) – –

Data are odds ratios (95% confidence intervals)
GMD gestational diabetes mellitus, LGA large for gestational age, PE pre-eclampsia,  
PIH pregnancy-induced hypertension, SGA small for gestational age
From Palomba et al. [7]
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demonstrated that the risk of GDM is about three times higher in women with PCOS 
[12–14]. After adjusting data for confounders (including age, BMI, etc.), the inci-
dence of GDM resulted more than twofold higher in pregnant women with PCOS 
demonstrating that PCOS is an independent risk factor for GDM [16, 23]. In a 
recent nationwide population-based study [24], the risk to develop GDM (aOR 
2.15, 95%CI 1.96–2.37) was confirmed more than twofold higher in women with 
PCOS when compared to women without a PCOS diagnosis after adjusting for 
economic status and comorbidities. The increased risk of GDM in PCOS population 
has been also more recently confirmed [18].

Meta-analysis data [12–14] reported in women with PCOS an overall increased 
risk of three to four times of pregnancy-induced hypertension (PIH) and of develop-
ing preeclampsia (PE) during pregnancy. A large cohort study on 3787 women with 
PCOS and 1,191,336 controls confirmed an increased incidence of PE (aOR 1.45, 
95%CI 1.24–1.69) in PCOS also after adjusting data for BMI and the use of ARTs 
[23]. That increased risk, irrespectively from BMI, has also been confirmed in pro-
spective case-control studies [20, 21] and large observational trials [18]. This seems 
true especially for women with severe PCOS phenotypes. In fact, the PE/PIH risk is 
reduced but did not disappear in hyperandrogenic women with PCOS (OR 2.41, 
95%CI 1.26–4.58) [25].

Data on the risk of delivery by caesarean section in women with PCOS are con-
troversial. A significantly higher caesarean delivery risk (OR 1.56, 95%CI 1.20–
2.02) was observed only in one meta-analysis [12] but not on the others [13, 14]. 
Recent evidences demonstrate a higher incidence of caesarean sections (aOR 1.13, 
95%CI 1.05–1.21) in mothers with PCOS [18], whereas no significant influence of 
PCOS on the risk of assisted vaginal delivery was observed [12, 13].

Data on foetal and perinatal outcomes in women with PCOS are also inconclu-
sive. The risk of preterm delivery (PTD) resulted twofold increased in two meta- 
analyses [12, 13], whereas in the third and more recent meta-analysis no effect was 
demonstrated [14]. In largest available cohort study [23], infants born to mothers 
with PCOS were more frequently delivered prematurely (aOR 2.21, 95%CI 1.69–
2.90) and had an increased risk of meconium aspiration (aOR 2.02, 95%CI 1.13–
3.61). A very interesting retrospective study [26], in which data were controlled for 
maternal (including maternal diabetes and obesity) and perinatal characteristics, 
confirmed that women with PCOS are at higher risk of PTD (aOR 1.74, 95%CI 
1.53–1.98), perinatal mortality (aOR 1.49, 95%CI 1.02–2.18) and postnatal hospital 
admissions (aOR 1.21, 95%CI 1.05–1.40). Of particular interest are the data regard-
ing the offspring that resulted at increased risk not only of hospitalisation for vari-
ous diseases (including metabolic, nervous system, asthma) but also for congenital 
anomalies [26]. The risk of overall congenital anomalies (aOR 1.20, 95%CI 1.03–
1.40) was significantly increased with particular regard for cardiovascular (aOR 
1.37, 95%CI 1.01–1.87) and urogenital (aOR 1.36, 95%CI 1.03–1.81) defects [26]. 
Also recent well-conducted study seems to confirm that women of PCOS have a 
higher risk of PTD (aOR 1.25, 95%CI 1.1–1.43), neonatal jaundice (aOR 1.20, 
95%CI 1.03–1.39) and respiratory complications (aOR 1.20, 95%CI 1.06–1.37), 
although the incidence of adverse outcomes resulted significantly attenuated [18].
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It is unclear whether the presumed increased risk in PTD was related to induced 
or spontaneous PTD. A retrospective cohort study of 11,726 women demonstrated 
that the clinical presentation of PTD changes according to BMI subgroup [27]. 
Spontaneous PTD resulted less frequently in class I obese (aOR 0.7, 95%CI  
0.5–1.0), and the risk of PTD due to preterm premature rupture of the membranes 
was increased in class II women (aOR 1.7, 95%CI 1.1–2.7), while medically indi-
cated PTD were increased both in class III obese (aOR 2.2, 95%CI 1.4–3.4) and 
moderately underweight (aOR 2.9, 95%CI 1.3–6.3) patients [27].

Available findings on the neonatal risk of being small for gestational age (SGA) 
are conflicting. The risk was twofold increased in one meta-analysis [13] but not 
statistically different in another [12]. Also more recent studies seem to generate dif-
ferent results [25, 28]. The incidence of large for gestational age (LGA) neonates 
and/or macrosomia is rarely reported in literature. In consideration of the high inci-
dence of GDM, no effect of PCOS was unexpectedly observed on the risks of LGA 
[13] and macrosomia [12]. The moderate risk for LGA neonates observed after 
adjusting data for confounders [23] is probably influenced by BMI because its inci-
dence in PCOS increase enormously in presence of obesity [28]. However, longitu-
dinal data on BMI-matched populations of women with and without PCOS 
demonstrated differences in the foetal growth with higher incidences of SGA and 
LGA [20]. On the other hand, the risk of admission to the neonatal intensive care 
units (NICU) for neonates of mother with PCOS is twofold increased [12–14], a low 
Apgar score is more frequently observed (OR 1.41, 95%CI 1.09–1.83) [23], and the 
perinatal mortality is three times higher (OR 3.07, 95%CI 1.03–9.21) [12].

22.3  Pathophysiological Mechanisms and Hypotheses

The increased incidence of pregnancy complications in women with PCOS can be 
the result of several coinciding factors that independently or in concert can play a 
role in its pathophysiology (Fig. 22.1).

Iatrogenic multiple pregnancies are the most important cause of the increased 
obstetric and perinatal morbidity [6]. In comparison with singletons, twin pregnan-
cies have a tenfold increased risk of SGA newborns, a sixfold increased risk of 
PTD, threefold increased risk of admission to a NICU and an incidence of perinatal 
mortality sixfold higher [29, 30]. In consideration of the ovarian response difficult 
to control in case of PCOS and of the good prognosis, infertile patients with PCOS 
could be considered a subgroup at high risk for multiple pregnancies [31]. Twin 
pregnancies in women with PCOS have a higher risk of PTD (risk ratio (RR) 1.96, 
95%CI 1.05–1.36), very PTD (RR 1.82, 95%CI 1.30–2.53) and delivery with low 
birth weight (RR 1.39, 95%CI 1.10–1.76) [32]. That increased risk lost the statisti-
cal and clinical significance after adjusting for BMI and gestational age, suggesting 
again a crucial role of body weight in the determinism of pregnancy complications 
in patients with PCOS [32].

The three main criteria for the diagnosis of PCOS [33, 34], i.e. clinical  
and/or biochemical hyperandrogenism, oligo-amenorrhoea and polycystic ovary 
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morphology (PCOM), have been related, singularly or in concert as PCOS pheno-
types, to pregnancy and neonatal complications. Notwithstanding the evidence that 
more severe PCOS phenotypes seem to present a higher incidence of pregnancy 
complications when compared with mild phenotypes due to their hormonal and 
metabolic correlates [35], a recent retrospective study [36] reported that the preva-
lence of adverse maternal and neonatal outcomes in women with PCOS does not 
vary according to phenotypes and definitions. Moreover, that data [36] were biased 
by retrospective nature and regarded matched cohorts (selection bias) that make the 
studied populations very homogeneous and not representative [37].

Hyperandrogenic states during pregnancy (i.e. pregnancy luteoma and hyperre-
actio luteinalis) have been frequently associated with adverse pregnancy outcomes 
[38, 39], and pregnant women with PCOS exert androgen levels higher compared to 
controls [40, 41]; they increase significantly throughout pregnancy probably due to 
abnormal steroidogenic function of the placenta [41–43]. In pregnant women with 
PCOS, the incidence and extension of microscopic alterations in early trophoblast 
invasion and placentation are strongly influenced by hyperandrogenism [44–46], 
and the hyperandrogenism is the PCOS feature related with the highest risk of 
adverse pregnancy outcomes [35]. The alterations in endovascular trophoblast inva-
sion and placentation may be the result of a suboptimal implantation process due to 
the direct effect of androgens on the endometrium and/or to a specific tissue suscep-
tibility [47, 48]. Recent data suggest that androgens can increase the incidence of 

Pregnancy complications

Multiple pregnancies

Infertility drugs

Androgen
excess

PCOM

Oligo-anovulation

Insulin resistance

Obesity

Dyslipidemia

Low-grade chronic
inflammation Infertility

Trophoblast invasion
and placentation

Placental 
alteration in gene 

expression

Fig. 22.1 Potential causes of the increased risk in pregnancy complications in women with 
PCOS. All factors shown in the figure can increase the risk of obstetric/neonatal complications 
directly and/or through an altered trophoblast invasion and placentation. PCOM polycystic ovarian 
morphology. From Palomba et al. [7]
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adverse pregnancy outcomes by acting on cervical remodelling and myometrial 
function [39].

In women with PCOS, the oligo-amenorrhoea is related with a risk of adverse 
pregnancy outcomes fivefold higher, whereas no effect on the PCOM has been 
observed [35]. Although a proportion of women with PCOS may achieve preg-
nancy without intervention [49], the great majority shows anovulation that is a 
main cause of infertility, i.e. a time-to-pregnancy (TTP) longer than 12 months. 
The effect of TTP longer than 2 months on pregnancy and neonatal complications 
has been assessed in two systematic reviews with meta-analyses [10, 50]. 
According to the included studies, natural singleton conceptions had an odd of 
PTD ranging from 39% to 31% higher after a TTP >12 months than after a TTP 
less than 12 months [10]. Women conceiving after long TTP also had increased 
odds of giving birth to children with low birth weight (OR 1.34, 95%CI 1.21–
1.48), whereas no effect was detected on the risk of SGA foetus [51]. A large 
retrospective trial [52] of 40,773 pregnancies demonstrated also an increased inci-
dence of developing GDM ranging from 50% to 39% according to the adjusting 
(age, pre-pregnancy BMI or lifestyle characteristics) [52]. Of note, ovulations 
disorders were associated with a 50% increased incidence of GDM (RRa 1.52, 
95%CI 1.23–1.87) [52]. An infertility diagnosis, defined as a TTP higher than 
12 months despite regular unprotected sexual intercourse with or without amenor-
rhoea, PCOM and ovaries or tubal damage, was related with increased risk of 
adverse outcomes in singleton pregnancies, irrespectively from the infertility 
treatment, with particular regard for PE (adjusted relative risk (aRR) 1.18, 95%CI 
1.02–1.37), antepartum haemorrhage (aRR 1.32, 95%CI 1.18–1.47) and very 
early PTD (aRR 1.96, 95%CI 1.53–2.49) [53].

In infertile women with PCOS, an effect of the treatments for enhancing fertility 
on the risk of pregnancy complications cannot be excluded, although specific data 
for infertile patients with PCOS are limited. It is well known that a non- 
pharmacological intervention consisting of a combination of hypocaloric diet, 
increased physical activity and individualised behavioural modification plan can be 
effective in obese/overweight women with PCOS to lose weight and to improve 
natural and/or artificial reproductive outcomes [54]. A recent large RCT [55] assess-
ing the effect of 6-month lifestyle intervention programme before infertility treat-
ment on 574 infertile obese patients demonstrated more an odd of natural conception 
higher in the lifestyle intervention programme arm (RR 1.61, 95%CI 1.16–2.24) 
[55]. Moreover, as below detailed, data are still confusing and contradictory. Ovarian 
stimulation, with or without intrauterine insemination (IUI), represents an attractive 
therapeutic option for couples with anovulatory infertility or unexplained infertility, 
and several medications are used to treat anovulation or to enhance natural concep-
tions in subfertile women with PCOS. Unfortunately, the use of fertility drugs for 
inducing ovulation is associated with adverse neonatal outcome [10]. In fact, con-
sidering women who delivered singletons after TTP less than 12 months, the risk of 
PTD was significantly higher (OR 1.45, 95%CI 1.21–1.74) after the use of ovula-
tion induction when compared to women who conceived without ovulation induc-
tion [10]. PRAMS survey’s data confirmed that ovarian stimulation is associated 

S. Palomba and B.C.J.M. Fauser



311

with a twofold increased odd of PTD at <34 weeks (OR 2.05, 95%CI 1.28–3.27) in 
singleton pregnancies compared with women who never used fertility treatments 
[56]. These data have been confirmed also for PTD at <37, <35 and <32 weeks of 
gestation [57]. The drug more frequently and significantly related with an increased 
risk of adverse pregnancy outcome is the clomiphene citrate (CC), that is, the tradi-
tional first choice ovulation induction treatment in women with PCOS. A 60% 
increased risk (OR 1.6, 95%CI 1.2–2.4) for SGA has been detected in women who 
conceived after CC administration followed by IUI compared with women who 
conceived after IUI in natural cycles [58]. However, recent RCTs [59, 60] have 
demonstrated reassuring data on its administration on the pregnancy and neonatal 
risk. At the moment, longitudinal data from three large RCTs showed a very low 
rate of maternal and neonatal complications not only in patients treated with CC 
but also in those who received metformin [59], metformin plus CC [59], letrozole 
[60, 61] or gonadotrophins [61]. At the moment, only one study extension of a RCT 
[62] demonstrated no difference in pregnancy complications after 9–12 years of 
follow- up in CC-resistant PCOS patients treated with laparoscopic ovarian drilling 
(LOD) or gonadotrophins. Finally, the use of ART treatments, including medical 
treatments and biological manipulations, can increase significantly the risk of preg-
nancy complications with particular regard for PTD risk [10, 63]. Recent data [64] 
on singleton in vitro fertilisation (IVF)/intracytoplasmic sperm injection (ICSI) 
pregnancies of women with PCOS have demonstrated a higher risk of developing 
GDM (aOR 3.15, 95%CI 1.35–7.33), PIH/PE (aOR 4.25, 95%CI 1.94–9.32), PTD 
(aOR 2.30, 95%CI 1.07–4.97) and LGA newborns (aOR 2.77, 95%CI 1.21–6.35) 
after adjusting data for age, parity, BMI and TTP. Very interesting data suggest that 
in infertile patients with PCOS the increased risk of PTD is closely dependent to the 
development of PIH/PE, whereas those of LGA are independent from GDM [64].

An elegant cohort study [65] on a total of 1,953,932 term singleton pregnancies 
recently demonstrated that the effect of the infertility treatments on the pregnancy 
and neonatal risks disappeared after propensity score matching analysis, which 
included multiple maternal baseline covariates, such as maternal age, ethnicity, 
socioeconomic status, parity, year of birth and pre-existent diseases, demonstrating 
that the risk could be mainly due to maternal characteristics. To this regard, it is well 
known that women with PCOS have specific anthropometric and metabolic charac-
teristics that can influence enormously the obstetric and perinatal risk.

Firstly, the comorbidity most closely related to PCOS is the obesity, which is 
more prevalent in the more severe PCOS phenotypes and aggravates the reproduc-
tive phenotype [66]. The effect of obesity on human reproduction is well known 
[67]. Increased BMI is strongly correlated with pregnancy complications [68–70] 
including a higher risk of miscarriage (OR 1.31, 95%CI 1.18–1.46) [71], foetal 
death, stillbirth and infant death [72]. Also recently, a very large cohort study [73] 
confirmed a risk of neonatal and postnatal mortality higher in obese patients from 
30% to 70% according to pre-pregnancy BMI. An increased risk of malformation in 
the offspring such as neural tube defects [74], congenital heart defects [75] and 
omphalocele [76] has been also detected. The high increased incidence of symp-
toms of sleep-disordered breathing [34, 77] observed in obese patients with PCOS 
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is another independent risk factors for pregnancy complications [78]. Obesity is an 
independent risk factor for the development of type 2 diabetes or GDM [79], and 
this risk is positively associated with BMI before conception [80, 81]. The risk of 
pregnancy and neonatal complications is higher in women with PCOS and GDM 
than in patients with GDM alone [82, 83]. The risk of PIH (aOR 4.43, 95%CI 1.17–
16.72), PTD (aOR 1.92, 95%CI 1.12–3.42) and neonatal hyperbilirubinemia (aOR 
3.18, 95%CI 1.14–8.82) is significantly higher in patients with both PCOS and 
GDM compared to women who only developed GDM [82]. Pregnant women with 
PCOS gain more weight than in BMI-matched controls [20, 21], and the risk of 
weight gain in pregnancy is another risk factor, independently from obesity [84].

Secondly, the insulin resistance with compensatory hyperinsulinaemia, one of 
the cornerstones in the pathogenesis of PCOS [85], can play a crucial role for the 
increased risk for adverse pregnancy outcomes in PCOS. A state of hyperinsulinae-
mic insulin resistance is crucial in order to ensure constant metabolic supplies to the 
growing foetus in physiologic pregnancies [86]. However, insulin resistance is 
related with a risk of spontaneous abortion more than eightfold higher [87], and 
higher serum insulin levels are observed in women with PIH/PE than in those with 
an uncomplicated pregnancy [88–91]. Insulin resistance with compensatory hyper-
insulinaemia can influence the risk of pregnancy complication in pregnant women 
with PCOS through several direct and indirect mechanisms of action, although it is 
plausible an action on the extent of endovascular trophoblast invasion [44].

Although visceral fat accumulation and hyperlipidaemia are considered meta-
bolic adaptations to support foetal growth [92], more and more data suggest that 
lipid abnormalities are associated with increased risk of adverse obstetric or neona-
tal outcomes, especially with PIH and PE [93]. Women with PCOS have higher 
serum low-density lipoprotein (LDL) and triglyceride (TG) concentrations before 
and during pregnancy compared to healthy controls, and serum LDL and TG levels 
are directly and independently related to pregnancy complications [21] probably 
inducing an endothelial dysfunction due to oxidative stress from free radicals, lipid 
peroxides and vascular damage [94–96].

In pregnancy, many inflammatory changes, including along with activation of 
peripheral blood leucocytes, increased white blood cells (WBC), ferritin and 
C-reactive protein (CRP) levels, are observed probably to modulate the maternal 
immunocompetence [97, 98]. Moreover, an abnormal low-grade inflammatory state 
during pregnancy has been associated with vascular damage and development of 
adverse pregnancy and neonatal outcomes with particular regard for PIH/PE and 
GDM [99–101]. To this regard, recent clinical data demonstrated that, during preg-
nancy, several markers of low-grade chronic inflammation are higher in women 
with PCOS than in healthy controls, suggesting that PCOS can enhance the inflam-
matory changes typical of the pregnancy, and closely related with adverse obstetric 
and neonatal outcomes [20].

The placenta may be the final and common target of all aberrations observed 
during pregnancy in women with PCOS (Fig. 22.1). Hormone-independent altera-
tions, crucial for the regulation of placenta nutrient transport for foetal growth, have 
been detected in women with PCOS [102]. However, trophoblast and placental 
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tissue of women with PCOS are hyperandrogenic and/or insulin resistant micro- 
environment targets of epigenetic factors, including infertility treatments [46]. The 
macroscopic and microscopic analysis of the placenta of women with PCOS, also 
in uncomplicated pregnancies, shows clear alterations [45, 46, 103]. Those histo-
logical changes, including chronic villitis/intervillositis and increased thickness of 
stem villi arterial walls, seem compatible with local microvascular and inflamma-
tory damage, and their severity vary according to the PCOS phenotype [45, 46]. In 
women with PCOS with an uncomplicated pregnancy, the potential compensatory 
morphometric adaptations of the placenta seem already maximised to improve the 
maternofoetal oxygen and nutrient transfer [45]. Moreover, it is possible to hypoth-
esise that in pregnant women with PCOS further compensatory adaptations of the 
placental tissue to external noxae cannot be act with the subsequent development of 
pregnancy complications [44, 45].

From a pathogenetic point of view, an abnormal inflammatory and metabolic 
pattern can induce an abnormal endovascular trophoblast invasion with altered vas-
cular structure and a subsequent hypoxic state with abnormalities of physiological 
changes and remodelling of spiral vessels. These abnormalities of the utero- 
placental circulation have been confirmed by Doppler velocimetry in pregnant 
women with PCOS [44, 104]. The crucial role of the endometrium has been also 
recently highlighted in a retrospective study demonstrating that the incidence of 
aneuploidy in miscarriage in women with PCOS is more than twofold lower than in 
non-PCOS controls suggesting that as maternal factors are pivotal in the influence 
of the endometrial receptivity and competence [105] (see Chap. 5). A further 
hypothesis to explain the increased risk of pregnancy complications in women with 
PCOS regards the concepts of “ontogenetic progesterone resistance” and of “men-
strual preconditioning” (see Chap. 5). According to this hypothesis [106], the uterus 
and the endometrium can become competent for deep trophoblast invasion and pla-
centation only after menstruations. This hypothesis opens new preventive strategies 
for reducing pregnancy complications consisting of the induction of regular men-
strual cycles before pregnancy. On the other hand, few and controversial clinical 
data are at the moment available at regard [107].

22.4  Prevention and Management of Pregnancy 
Complications in Women with PCOS

Although the risks of obesity in pregnancy are widely known, there is no evidence- 
based strategy to guide preconception weight loss. The efficacy of preconception 
weight loss as intervention for preventing pregnancy complications is limited, 
although a lower risk of obstetric and neonatal adverse outcomes have been observed 
in normal weight women compared with overweight/obese subjects [108]. General 
recommendations include dietary modification and exercise, without specification 
of the exact timing of the intervention or rate of weight loss [109]. Nevertheless, 
losing weight before conception can be effective in reducing maternal and foetal/
perinatal complications, as well as the risk of congenital anomalies [110]. In 
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addition, diet and/or physical activity during pregnancy can reduce the gestational 
weight gain and the associated risks [108, 111]. In particular, a significant effect on 
the risks of PE (RR 0.74, 95%CI 0.60–0.92) and shoulder dystocia (RR 0.39, 95%CI 
0.22–0.70) has been detected [111]. Diet alone significantly reduced the risk of PE 
(relative risk (RR) 0.67, 95%CI 0.53–0.85), PIH (RR 0.30, 0.10–0.88), GDM (RR 
0.39, 95%CI 0.23–0.69) and PTD (RR 0.68, 0.48–0.96) compared with any other 
intervention [111]. On the other hand, a recent large RCT [55] demonstrated worse 
results (rate ratio (RaRa) 0.77, 95%CI 0.60–0.99) in obese patients who received 
6-month lifestyle intervention programme before infertility treatment in terms of 
the vaginal birth of a healthy singleton at 37 weeks or more [55]. No effect of the 
lifestyle intervention programme before infertility treatment was detected in any 
maternal and neonatal outcome [55]. According to international guidelines [112], 
gestational weight gain in obese women from 5 to 9 kg is recommended. Two meta- 
analyses indicate a small increased risk of PTB when weight gain is above or below 
the recommended range [113, 114], although gestational weight gain below the 
recommended range reduces lightly the risk of PIH/PE [113].

Recent guidelines [115] suggest to pay great attention in women with PCOS 
with multiple risk factors for adverse pregnancy outcome, including impaired glu-
cose tolerance (IGT) and metabolic syndrome. Patients should be screened and 
treated for hypertension and diabetes mellitus and counselled about weight loss 
prior to attempting conception [115]. However, at the moment, no clear and evi-
dence-based recommendation can be given. The screening for type 2 diabetes in 
all women who are planning a pregnancy, with special regard to women with 
PCOS [15, 116], could reduce the cost and health burden associated with GDM 
especially in women with other additive risk factors, such as obesity, advanced 
age and a particular ethnicity [81, 116]. Similarly, a screening is recommended at 
the first prenatal visit [117, 118].

In infertile women with PCOS, the TTP should be reduced, even if the use of 
high technologies for enhancing fertility increases similarly to the risk of pregnancy 
and neonatal complications [50]. Multiple pregnancies [32] should be also avoided 
in infertile patients with PCOS using strategies and/or drugs that induce mono- 
ovulation and always using the elective single embryo transfer in ART cycles.

At present, no indication for a specific management of pregnant women with 
PCOS women is available, and very few data on instrumental pregnancy monitoring 
have been published. Throughout gestation, special attention should be paid to early 
changes in acute-phase proteins, to dyslipidaemia and to abnormally low haemoglo-
bin and haematocrit levels because these biochemical markers are all related to a 
higher risk for pregnancy complications in women with PCOS [20, 21]. A recent 
systematic review [119] demonstrated that five proteomic biomarkers (including 
transferrin, fibrinogen α, β and γ chain variants, kininogen-1, annexin 2 and perox-
iredoxin 2) are expressed both in women with PE and PCOS differentially from 
controls suggesting that in the future these biomarkers could be useful from an 
academic and clinical point of view. Routine assessment of uterine artery Doppler 
indices during the early phases of pregnancy could be useful to select PCOS patients 
at high risk of adverse pregnancy and perinatal outcomes [104].
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Most of the data available on pharmacological measures to propose in women 
with PCOS in order to reduce the obstetric and neonatal risks regard metformin (see 
Chap. 11). Certainly, metformin is effective and safe for the treatment of GDM, 
although subjects with multiple risk factors for insulin resistance may require sup-
plementary insulin [120, 121]. Metformin use (when compared to insulin) in GDM 
is associated with a reduced weight gain, better neonatal outcomes (including less 
visceral fat) and patient compliance [121, 122]. However, the beneficial effects of 
metformin on GMD are more significant in non-RCTs [123].

In women with PCOS, metformin leads to a hormonal pattern and ovarian 
dynamic similar to spontaneous cycles in normo-ovulating controls and has no 
abnormal effects on follicular growth and vascularisation or endometrial compe-
tence markers [124]. Metformin could enhance trophoblast invasion and/or placen-
tation exerting favourably effects on the endometrial receptivity through enhanced 
endometrial thickness and volume, endometrial and subendometrial vascularity, 
improved markers of endothelial activation and coagulation and immunomodula-
tion [28, 124]. Notwithstanding that data, metformin administration does not 
reduce the risk for spontaneous miscarriage when used alone or combined with 
other fertility drugs for treating anovulation [20, 124, 125]. On the other hand, 
metformin reduces moderately the risk of miscarriage in hyperstimulated IVF/
ICSI cycles [126]. A meta-analysis [127] found that metformin administration in 
pregnant women with PCOS is associated with reduced incidence of miscarriage 
(ORs 0.32 (95%CI, 0.19–0.55), GDM (0.37 95%CI, 0.25–0.56), PE (0.53 95%CI, 
0.30–0.95) and PTD (0.30 95%CI, 0.13–0.68). Also more recently [128] aggregate 
data from five studies demonstrated a significantly lower risk of miscarriage (RR 
0.32, 95%CI 0.19–0.56) and PTD (RR 0.40, 95%CI 0.18–0.91), whereas no effect 
was detected on the incidence of GDM and PE. At the moment, also high-quality 
studies seem to demonstrate no or little effect of metformin on pregnancy compli-
cations in PCOS and non-PCOS patients. Vanky and colleagues performed two 
RCTs on metformin use in pregnant women with PCOS, showing contrasting 
results [22], although a per-protocol reanalysis [129] of data from two previous 
RCTs demonstrated a reduction of the PTD of about threefold. Moreover, the 
potential mechanism of metformin is unclear. Metformin exerts no effect on the 
cervical length in women with PCOS but could act minimising the effects of andro-
gens on uterine  contractility [130]. A recent large retrospective study [24] showed 
that the use of oral hypoglycaemic agent, such as metformin, before pregnancy 
does not reduce the risk of GDM. Conversely, a recent double-blind placebo-con-
trolled RCT in obese pregnant women, at high risk but unselected for PCOS, 
showed lower maternal gestational weight gain and a risk of PE lower of about 
80% in women treated with metformin from 12 to 16 weeks’ gestation until deliv-
ery [131]. Data regarding the potential effect of metformin on the prevention of 
PIH/PE are also scarce. Initial data demonstrated a reduction of the uterine artery 
impedance between 12 and 19 weeks of gestation [132], but that data have been 
refuted in another sub-analysis of RCTs [133].

The potential effect of other drugs has been studied for preventing and treating 
pregnancy complications in women with PCOS. Low molecular weight heparin 
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(LMWH) and acetylsalicylic acid (ASA), as monotherapy or a combined scheme, 
prevented miscarriage and recurrent pregnancy loss in patients with PCOS and 
hyperhomocysteinaemia [134]. LMWH, alone or combined with metformin, 
reduced the incidence of miscarriage in a little sample of women with PCOS and 
coagulation disorders [135].

Data on acupuncture are in progress (see Chap. 17). Unfortunately, initial animal 
data [136] seem to demonstrate that low-frequency electroacupuncture in hyperan-
drogenic animal model increases blood pressure and impairs placental growth and 
function during pregnancy.

 Conclusion

Available clinical data demonstrate that women with PCOS are at increased risk of 
pregnancy and neonatal complications, and that risk increases significantly in the 
presence of comorbidities such as obesity, insulin resistance and dyslipidaemia. The 
specific mechanisms involved in the pathogenesis of the increased incidence of 
adverse maternal and perinatal outcomes remain unclear. PCOS-related features, 
such as hyperandrogenism, oligo-amenorrhoea, insulin resistance, obesity, dyslipi-
daemia and chronic low-grade inflammation, may play a crucial role in the first 
phases of pregnancy, i.e. during trophoblast invasion and placentation. Pregnancy in 
PCOS patients can worsen that risk, increasing abnormally the metabolic and 
inflammatory changes observed during pregnancy. The increased incidence of preg-
nancy complications can again increase in the presence of infertility (TTP higher 
than 12 months), the use of fertility drugs and/or procedures for enhancing fertility 
(IUI, ART, etc.), including biological manipulation of gametes and/or embryos.

The prevention of pregnancy complications in women with PCOS remains 
uncertain. All comorbidities present before pregnancy in women with PCOS 
should be identified and, whenever possible, treated before conception. In fact, 
pharmacological and non-pharmacological intervention strategies during preg-
nancy for reducing the incidence of complications are still experimental, and 
results reported in the literature vary. The pregnancy in patients with severe PCOS 
phenotype and many other risk cofactors should be always considered at high risk 
for obstetric and/or neonatal complications because potential diagnostic tools to 
identify high-risk patients in pregnant populations with PCOS are still lacking.

Complications developed during pregnancy in women with PCOS should be 
clearly reported since the obstetric history could act as a sensitive screening tool 
to identify subgroups of young women with PCOS at risk for subsequent cardio-
vascular and metabolic diseases. Long-term follow-up by specialist referral 
should be suggested [137, 138].
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23Conclusive Remarks and Future 
Perspectives

Stefano Palomba

23.1  Introduction

Polycystic ovary syndrome (PCOS) is a complex and heterogeneous syndrome 
related in different ways with the infertility. Previous chapters have focused the 
attention on several aspects regarding the relationship between PCOS and infertil-
ity. Data reported and discussed have underlined that a great effort has been per-
formed to optimise the diagnostic and therapeutic work-up for infertile women with 
PCOS during the last years. Unfortunately, many are the questions still unanswered 
about the relationship between the PCOS and the infertility. In the present and con-
clusive chapter, the available clinical evidences about the management of infertility 
in patients with PCOS will be summarised, and the main future perspectives will be 
discussed.

23.2  Infertility and PCOS

The presence of infertility in women with PCOS is an evident feature related to the 
syndrome (Chap. 1). International consensus suggests that oligo-anovulation is cer-
tainly associated with infertility in PCOS. Moreover, the exact aetiology of anovula-
tion in PCOS has not yet been defined, and various factors (including alterations in 
anti-Mullerian hormone (AMH) and, recently, kisspeptin levels) may help us to 
understand the mechanisms involved in the PCOS-related anovulation and suggest 
that the ovulation in PCOS, also when present, can be probably perturbated (Chaps. 
3, 4, 6, and 8).
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At the present, there are not data about the stratification of this risk according to 
PCOS phenotypes (Chaps. 7 and 21). This could be due to the still recent discussion 
about the diagnostic criteria and the need to assess completely all diagnostic PCOS 
characteristics (e.g. oligo-anovulation, hyperandrogenemia, clinical hyperan-
drogenism, polycystic ovarian morphology (PCOM)) in order to obtain the diagno-
sis of a specific phenotype for each patient also in the clinical practice (Chap. 2).

In the next future, the availability of robust assays for the AMH and of new very 
accurate and automatised three-dimensional ultrasonographic machines will make 
necessary a profound change of the diagnostic criteria specially for the PCOM 
(Chap. 8).

The need or not of complete assessment of all diagnostic criteria as well as of all 
PCOS-related characteristics (including obesity, glucose metabolism, lipid pattern 
impairment, etc.) that influence the severity of the syndrome also in terms of repro-
ductive outcomes notwithstanding they are not diagnostic of the syndrome is a crucial 
topic. Recent evidences suggest that the contributor of these characteristics, as well as 
of the diagnostic PCOS features, is very relevant in terms of reproductive potential 
(Chaps. 4 and 5). To this regard, endometrial and oocyte competence is obviously 
altered in obese patients with PCOS and with metabolic/hormonal dysfunction 
(Chap. 4), while the true effect of the PCOS and its phenotypes is only partially known 
and seems clinically little. However, data about the abnormalities of the endometrium 
in women with PCOS and their contribution of the infertility in PCOS are stronger 
than those regarding the oocyte, but surprisingly many data are available about poten-
tial interventions for improving oocyte quality but not for optimising the endometrial 
competence (Chap. 5). Finally, the knowledge of the specific PCOS phenotype would 
be important also in view of a correct counselling about the future risks for the mother 
and the baby when the pregnancy is achieved (Chap. 22).

23.3  Diagnostic Work-Up in Infertile Patients with PCOS

Another point of discussion, partially related to the previous, is whether patients 
with PCOS need a specific diagnostic work-up for infertility. In infertile patients, a 
careful diagnosis of PCOS can be certainly useful for optimising the treatment and 
for a correct counselling, and other causes of anovulation should be always excluded 
(Chap. 6), but there are not sufficient data to suggest at the moment a diagnostic 
wok-up specific for infertile women with PCOS.

Basal characteristics of women with PCOS enrolled in large clinical trials have 
demonstrated that women with PCOS have several additive “characteristics” with 
potential and negative effect on the reproductive (Chap. 6). Infertile patients with 
PCOS seem to have alterations of the libido and a reduction of the sexual inter-
courses, unsafe lifestyle attitudes, obese partners, and so on. Thus, a very carefully 
and detailed history could provide crucial suggestions to drive to an effective man-
agement strategy.

New data seem to suggest a role of diet (micro- and macronutrients) factors in 
the PCOS pathogenesis (Chaps. 14 and 16). Alterations of the vitamin D and 
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inositol concentrations have been observed in women with PCOS, and in the next 
future, specific assays aimed to detect specific diet insufficiency could select sub-
jects sensible to appropriate dietary supplement intake.

23.4  Management of Infertility in Women with PCOS

There is a consensus about the crucial role of lifestyle modification programmes, 
including not only weight loss and physical activity but also correct and safe diet 
and stop of smoking, as initial management of infertile women with PCOS to 
enhance the natural fertility (Chap. 13). Moreover, strong evidence-based data are 
still lacking specially for patients with PCOS, commonly considered patients hav-
ing a low compliance to interventions.

In all oligo-amenorrhoeic patients with PCOS, the restoration of regular ovarian 
function and endometrial shedding would be a primary aim of the physicians in 
consideration of the relationship between the endometrial function and the increased 
risk of pregnancy complications (Chaps. 5 and 22). That risk is particularly high 
also in patients with a long time to pregnancy (TTP); thus, a short diagnostic phase 
is needed to start quickly the further treatment(s). Lifestyle modification pro-
grammes; insulin-sensitising drugs, such as metformin or inositol; or specific diet 
supplements should be quickly started as initial attempt to normalise the ovarian 
function (Chaps. 11, 13, and 16) before the reproductive desire and to avoid the 
maternal-foetal risk related to the infertility treatments (Chap. 22).

Many data seem to suggest a central role of letrozole as first-line pharmacologi-
cal treatment of anovulation in women with PCOS (Chap. 10). However, the areas 
of uncertain are many and include its off-label use, the lack of appropriate studies 
addressing the selection of patients with PCOS, the optimal dosages of administra-
tion, how many cycles would be repeated before to change treatment, and long-term 
follow-up on the offspring. The use of clomiphene citrate (CC) is still largely con-
sidered since the clinical experience about its efficacy and safety is well known 
(Chap. 9). However, notwithstanding its use for more than 60 years in gynaecology, 
several unexplored areas are also present specially about the clinical and biochemi-
cal predictors to select the patients. A high proportion of infertile women with 
PCOS who receive CC administration remains anovulatory or did not achieve a 
pregnancy. In these patients, the use of letrozole or the combination of CC plus 
metformin has been demonstrated effective in a good percentage of cases (Chaps. 
10 and 11). In women with PCOS under metformin administration, the insulin- 
sensitising drug should be not suspended in consideration of the high efficacy of the 
metformin plus CC or plus letrozole (Chap. 11), of the reduced risk of multiple fol-
licular development (and of cancelled cycles), and of ovarian hyperstimulation syn-
drome (OHSS) in case of further gonadotrophin treatment for mono- or 
multiple-ovulatory cycles for free or timed intercourses or for in vitro fertilisation 
(IVF) procedures, respectively (Chaps. 11, 12, and 19).

A proportion of anovulatory patients with PCOS unresponsive and/or intolerant 
to oral ovulation inductors will benefit of gonadotrophin administration or of the 
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laparoscopic ovarian drilling (LOD). In fact, both step-up protocols using low or 
very low starting dose of gonadotrophins and personalised LOD are two efficacy 
interventions for treating patients with PCOS-related anovulatory infertility (Chaps. 
12 and 15). Moreover, both treatments require a higher expertise to sustain an 
acceptable safety for the patient. In addition, their direct and indirect costs limit 
their use as initial managing steps. In the clinical practice, these concerns can be 
respectively overtaken in case of mild male factor of infertility requiring an intra-
uterine insemination (IUI) and a close ovarian monitoring (Chap. 18) or in case of 
pelvic factors of subfertility (such as adhesions, endometriosis, fibroids, etc.) that 
require a laparoscopic surgery (Chaps. 15 and 21). However, further data are needed 
to confirm or to rebut the hypothesis that women with PCOS ovulating under ovula-
tion inductors for six or more cycles would be considered as patients with unex-
plained infertility and that can benefit from IUI (Chap. 18).

The failure of the previous interventions in anovulatory women with PCOS and 
the presence of male and/or tubal cofactors of infertility are indications for assisted 
reproductive technologies (ART), including IVF cycles with or without in vitro 
maturation (IVM) of oocytes (Chaps. 19 and 20). New controlled ovarian hyper-
stimulation (COH) protocols including multiple dose gonadotrophin-releasing hor-
mone (GnRH) antagonist and multiple ovulation triggering with GnRH agonists 
have demonstrated a high safety that can be implemented by single-embryo transfer 
in subsequent frozen-thawed cycles (Chap. 19). Further comparative data are waited 
about the efficacy-safety ratio of that new protocols with traditional GnRH-agonist 
COH protocols supplemented with metformin. However, the biological manipula-
tion of oocytes aimed to complete their final stages of maturation in the laboratory 
will be certainly in the next future a totally safe option of treatment for infertile 
patients with PCOS (Chap. 20). Furthermore, the optimisation and the standardisa-
tion of the clinical and biological protocols are needed before this procedure could 
be considered a real and routine treatment option.

Finally, inositols, dietary supplements, phytotherapy, Chinese herbal medicine, 
and acupuncture certainly influence the ovarian function, although their role as spe-
cific interventions in the management of the infertility in women with PCOS should 
be still explored with well-designed large clinical trials (Chaps. 14 and 17).

 Conclusion

The management of women with PCOS is still a challenging issue that requires 
a deep knowledge of the pathogenesis of the PCOS, of its diagnostic criteria, and 
of available interventions. An integrated strategy (Chap. 21), including also 
aggressive interventions, such as the bariatric surgery for severely obese patients, 
is crucial for the main goal in reproductive medicine, i.e. to achieve a healthy 
baby in arm preserving the health of the mother (Chap. 22). A proposal of inte-
grated strategy of treatment of infertility in PCOS is shown in Fig. 23.1.

Future pharmacogenetic studies are needed to identify patients with good or 
poor response to each specific and/or combined treatment and open new oppor-
tunities for individualised and minimally invasive treatments.
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Diagnosis of the specific PCOS phenotype.
Exclusion of tubal and/or male factors 

Female age. BMI evaluation. Results of the
previous attempts.

Weight loss
(including diet,

bariatric surgery, etc.)

Obesity (overweight)
Normalweight

Other lifestyle modification
interventions (including 

physical exercise) 

Letrozole or 
Clomiphene citrate

?

Drug-sensitisation with
metformin (repeat treatment) 

No ovulation

Ovulation without
pregnancy (6 cycles) 

IVF cycles with single
embryo transfer 

Gonadotrophin
mono-ovulation

induction plus IUI 

LOD

Other cofactors of
subfertility 

Gonadotrophin mono-ovulation induction
plus free or timed intercourses 

Fig. 23.1 Integrated strategy of treatment of infertility in PCOS. A conclusive and summaris-
ing proposal. BMI body mass index, IUI intrauterine insemination, IVF in-vitro fertilization, 
LOD  laparoscopic ovarian drilling
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