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      Disorders of the Menstrual Cycle During 
Adolescence 

             George     K.     Creatsas       and     Maria     Creatsa    

        Menstrual disorders are a common problem in young girls. Table  1.1  presents the 
menstrual disorders during adolescence among 790 cases treated in our institution.

1.1       Dysfunctional Uterine Bleeding (DUB) 

  DUB  (Table  1.1 , A) is a painless endometrial bleeding that is prolonged, excessive, 
and irregular and not attributable to any underlying structural or systemic disease. 

 The etiology of DUB, during adolescence, arises out of continuing maturation of 
the hypothalamus [ 1 – 3 ]. In the USA the defi nition of DUB refers to anovulatory 
bleeding. The European Society of Human Reproduction and Embryology (ESHRE) 
defi ned DUB as excessive bleeding (excessively heavy, prolonged, or frequent) of 
uterine origin, which is not due to demonstrable pelvic disease, complication of 
pregnancy, or systemic disease. DUB can be either ovulatory or anovulatory [ 4 ]. 

 A shift in the ratio of prostaglandins (PGs) and especially of the endometrial 
vasoconstrictor (PGF2a) to the vasodilator (PGE2) and an increase in total endome-
trial PGs have been demonstrated in ovulatory DUB patients [ 1 ,  5 ]. 

 Diagnosis is made by the clinical history and the clinical examination, followed 
by the necessary laboratory tests, the pelvic ultrasonography, the endocrinological 
examination, and occasionally hysteroscopy and/or laparoscopy. DUB differential 
diagnosis includes pregnancy complications; neoplasms of the genital system; geni-
tal tract infections; endocrinopathies; treatment with various, several medications; 
trauma; coagulation disorders; and chronic systemic diseases. 

  1
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 The disease is classifi ed in three groups as follows: group 1, mild hypermenor-
rhea (hemospherin (Hb) and hematocrit (Hct) within normal limits); group 2, mod-
erate hypermenorrhea (Hb 9–10 g and no signs of anemia); and group 3, severe 
hypermenorrhea (Hb less than 8 g). The management depends on the severity of the 
disease and includes: the use of combined oral contraceptives (COCs,) progesto-
genic compounds followed by COCs, nonsteroidal anti-infl ammatory drugs, trans-
fusion, iron supplements, and reassurance [ 6 – 8 ].  

1.2     Amenorrhea 

  Amenorrhea  (Table  1.1 , B) is classifi ed as primary or secondary. Primary amenor-
rhea (PA) is the absence of menstruation in 16-year-old girls who have already 
developed secondary sexual characteristics or in 14-year-old girls who have no 
secondary sexual characteristics development. Especially for the second group, the 
term “late puberty” is preferable. Secondary amenorrhea (SA) is the absence of 
menstruation for 6 months. For adolescents with formerly regular cycles, SA is 
defi ned as the absence of menses for more than three subsequent periods [ 1 ,  5 ]. 

 WHO classifi es PA in three groups as follows: group I, no evidence of endoge-
nous estrogen production, normal or low follicle stimulating hormone (FSH) levels, 
normal prolactin (PRL) levels, and no evidence of a lesion in the hypothalamic- 
pituitary region; group II, evidence of estrogen production and normal levels of 
PRL and FSH; and group III, which involves cases with elevated FSH serum levels 
indicating gonadal failure. 

 Table  1.2  presents the etiology of PA and SA.
    Delayed puberty  (DP) is presented as PA and is defi ned as the absence of onset 

of puberty by >2 SD later than the average age, i.e., >14 years in females [ 2 ,  8 ]. 
  Congenital uterovaginal anomalies  includes: obstruction of the genital tract and 

absence of the uterus or/and the vagina [ 9 ,  10 ]. 
  Several endocrine disorders  may also be the cause of PA or SA. Table  1.3  pres-

ents the causes of hypothalamic amenorrhea [ 2 ]. The pituitary causes of amenorrhea 
are: (a) Tumors: prolactinomas, other hormone-secreting pituitary tumors, nonfunc-
tional tumors (craniopharyngioma) metastatic tumors. (b) Space-occupying lesions: 

    Table 1.1    Menstrual 
disorders during adolescence  

 Menstrual disorders  Incidence % 

 A. DUB  381 (48.2 %) a  

 B. Amenorrhea  180 (22.8 %) 

 C. Oligomenorrhea  165 (20.9 %) 

 D. Dysmenorrhea  64 (8.1 %) 

 Total  790 cases 

   a Personal data  

G.K. Creatsas and M. Creatsa
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empty sella syndrome, arterial aneurysm. (c) Pituitary necrosis: postpartum pitu-
itary necrosis (Sheehan syndrome), panhypopituitarism, and systemic infl ammatory 
diseases (sarcoidosis, hemochromatosis) [ 2 ,  8 ].

   Hyperprolactinemia is associated with decreased estradiol concentrations and 
amenorrhea or oligomenorrhea. In cases of persistent hyperprolactinemia, after rul-
ing out primary hypothyroidism, a magnetic resonance imaging of the pituitary is 
indicated. 

  The premature ovarian failure  (POF) is usually a cause of SA. In patients with 
POF who are sexually active, we would strongly consider using the combined oral 
contraceptives (COCs) as hormone replacement therapy. COCs may be more 
socially acceptable to a young woman. However, we always counsel all sexually 
active girls regarding the correct use of condoms to prevent sexually transmissible 
diseases. In adolescent women with POF, a karyotype should be also obtained to 
rule out sex chromosome translocations and the presence of a Y chromosome, 
which is associated with an increased risk of gonadal tumors. 

  Amenorrhea due to chromosomal anomalies  may be primary of secondary. In 
these cases the possibility of gonadal dysgenesis, pseudohermaphroditism, and 
other pathologies, as mentioned above, should be ruled out. 

  Amenorrhea may also be due to stress, anorexia, or exercise.  According to the 
practice committee of the American Society of Reproductive Medicine, the evalua-
tion of PA is indicated when there has been a failure to menstruate by age 15 in the 
presence of normal secondary sexual development (2 SD), above the mean of 13 
years or within 5 years after breast development, if that occurs before age 10 or if 
there is a failure of breast development by age 13 (2 SD above the mean of 10 years) 
[ 4 ,  11 ]. 

  Table 1.2    Etiology 
of PA or SA  

 1. Delayed puberty (PA) 

 2. Congenital uterovaginal anomalies (PA or SA) 

 3. Endocrine disorders (PA or SA) 

 4. Premature ovarian failure (PA or SA) 

 5. Chromosomal anomalies (PA or SA) 

 6. Stress and psychological problems (PA or SA) 

   Table 1.3    Causes of hypothalamic amenorrhea   

 1. Dysfunctional  Stress 

 Exercise 

 Nutrition and pseudocyesis 

 2. Other  Isolated gonadotropin defi ciency, Kallmann syndrome, idiopathic 
hypogonadotropic hypogonadism 

 Infections, chronic debilitating disease 

 Tumors (craniopharyngioma, germinoma, hamartoma, Langerhans cell 
histiocytosis, teratoma, endodermal sinus tumor, metastatic carcinoma) 

1 Disorders of the Menstrual Cycle During Adolescence
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 Further to the previous reported investigations, Table  1.4  presents the suggested 
fl ow diagram for the evaluation of amenorrhea.

   The management of amenorrhea during adolescence depends on the etiology of 
the symptom. In any case treatment should be started as soon as possible.  

1.3     Oligomenorrhea 

  Oligomenorrhea  during adolescence is usually due to the polycystic ovarian syn-
drome (PCO). Symptoms of hyperandrogenism in adolescent girls are usually due 
to the PCO syndrome. 

 The management of oligomenorrhea during adolescence is mainly related to the 
management of PCO syndrome using also the new generation COCs.  

1.4     Dysmenorrhea 

  Dysmenorrhea  is a common problem in adolescence. It is presented as a painful 
menstruation (organic disease, congenital anomalies, and endometriosis). Usually 
pain starts along with the start of bleeding and lasts for 48–72 h. Dysmenorrhea is 
characterized as primary (PD) when no organic disease is present and as secondary 
when a pelvic pathology is documented. PD is more frequent in adolescence and 
usually starts after ovulation. COCs and PG synthetase inhibitors are the most fre-
quently used agents for the management of PD [ 12 ].  

1. History and phsysical examination

2. R/O pregnancy

3. FSH and PRL

FSH or PRL FSH FSH

Chronic anovulation
(PCO, Functional

hypothalamic
amenorrhea)

Radiographic
evaluation

(Prolactinoma) 

Ovarian
failure

(Gonadal dysgenesis)

Anatomic
defect

(Mullerian dysgenesis)

   Table 1.4    Suggested fl ow diagram aiding in the evaluation of amenorrhea [ 11 ,  12 ]       
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1.5     Clinical Cases 
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        Conclusion 
 Menstrual disorders are a common problem during adolescence. Information and 
consultation should be provided to the young girl and the family about normal 
menstruation and menstrual disturbances. Prevention and early treatment should 
be provided by specialized gynecologists, preferably in pediatric and adolescent 
gynecological centers.     
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      PCOS and Insulin Resistance (IR): 
From Lifestyle to Insulin Sensitizers 

             Alessandro     D.     Genazzani     ,     Susanna     Santagni    , 
    Erika     Rattighieri    ,     Elisa     Chierchia    ,     Giulia     Despini    , 
    Alessia     Prati    , and     Federica     Ricchieri   

2.1            Introduction 

 According to the Rotterdam criteria, elaborated by the European Society of Human 
Reproduction and Embryology (ESHRE) and by the American Society for 
Reproductive Medicine (ASRM), polycystic ovary syndrome (PCOS) is defi ned by 
at least two of the three following criteria:

    1.    Clinical signs of hyperandrogenism or biochemical hyperandrogenemia   
   2.    Oligo-/amenorrhea and chronic anovulation   
   3.    Ultrasonographic evidence of at least one polycystic ovary and exclusion of other 

relevant diseases (i.e., hyperprolactinemia, thyroid diseases, androgen secretion 
tumors, and adrenal dysfunction hyperplasia) [ 1 ]     

 This evolution was relevant because it permitted the inclusion of women with 
PCOS who were excluded by previous NIH criteria [ 2 ]: those with polycystic ova-
ries affected by hyperandrogenism and ovulatory cycles or chronic anovulation and 
normal androgen levels. 

 Recently, the Androgen Excess and PCOS Society considered PCOS as an 
androgen excess disorder in biosynthesis, utilization, and/or metabolism of andro-
gen in women [ 3 ]. 

 PCOS occurs in as many as 8–10 % of women of reproductive age [ 4 ] with onset 
manifesting as early as puberty [ 5 ]. 

        A.  D.   Genazzani       (*) •     S.   Santagni     •     E.   Rattighieri     •     E.   Chierchia     •     G.   Despini     •     A.   Prati    
   F.   Ricchieri    
  Department of Obstetrics and Gynecology ,  Gynecological Endocrinology Center, 
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 e-mail: algen@unimore.it  

  2

mailto: algen@unimore.it


12

 The syndrome has strong association to infertility, hyperinsulinemia, insulin 
resistance (IR), impaired glucose tolerance, dyslipidemia, android fat distribution, 
and obesity. Approximately 60 % of women with PCOS are obese. IR is found in 
40 % of normal weight women with PCOS and nearly all overweight women both 
with and without PCOS [ 6 ], but IR is not routinely assessed when diagnosing or 
treating PCOS. The IR can be treated by insulin sensitizers and/or with diet and 
exercise before and during fertility treatment and pregnancy. The IR is not cur-
rently diagnosed or treated routinely and the effect of treatment is undocumented. 
Treatment of IR in young women may reduce the risk of diabetes and CV compli-
cations later in life. Moreover, a detailed understanding of the importance of IR in 
female reproductive health and reproduction could lead to new treatment strategies 
and improved pregnancy and life birth rates for PCOS patients. The PCOS is a mul-
tigenic condition where the phenotype is modulated by external lifestyle factors. 
The risk of adults developing metabolic disease, particularly obesity, hypertension, 
diabetes, and CVD, is probably infl uenced by events during embryonic develop-
ment and fetal and neonatal growth [ 7 ].    The risk of diseases during later life may 
be determined by events or conditions experienced by the mother even before preg-
nancy occurs. 

 The IR and hyperandrogenism are associated with altered coagulation and fi bri-
nolysis leading to endothelial dysfunction, vascular chronic low-grade infl ammation 
[ 8 ], and atherothrombosis [ 9 ]. In PCOS both normal and elevated concentrations of 
plasminogen activator inhibitor type-1 (PAI 1), an indicator of endothelial dysfunc-
tion and of a prothrombotic state, have been found [ 10 ]. Other biomarkers such as 
fi brinogen, coagulation factor VII, coagulation factor VIII, von Willebrand factor, 
tissue-type plasminogen activator, urokinase-type plasminogen activator (u-PA), and 
activated partial thromboplastin time have been studied in PCOS and the results are 
confl icting [ 11 ]. Increased high sensitivity C-reactive protein (hs-CRP) is associated 
with PCOS, cardiovascular disease, overweight, or lean PCOS [ 12 ] and IR [ 13 ]. 

 In vitro fertilization (IVF) outcomes in PCOS patients have the same live birth 
rate as control IVF patients [ 14 ]. PCOS patients with IR, measured by homeostatic 
model assessment of insulin resistance (HOMA-IR), had a signifi cantly lower matu-
ration rate of their immature oocytes compared to those with normal IR [ 15 ]. 

 Hyperandrogenism and hyperinsulinemia affect follicular microenvironment, 
resulting in reduced ovarian development of immature oocytes. Moreover, in PCOS 
patients, signifi cant abnormalities are observed at the earliest stages of folliculogen-
esis. However, it is unclear which molecules are responsible for the abnormal regu-
lation during early folliculogenesis. It has been reported that some growth factors 
and sex steroids may have a role in aberrant folliculogenesis in PCOS [ 16 ]. 

 A number of growth factors, including vascular endothelial growth factor 
(VEGF), basic fi broblast growth factor (BFGF), insulin-like growth factor I (IGF 1), 
and epidermal growth factor (EGF), localize within growing follicles and regulate 
important aspects of folliculogenesis [ 17 ]. 

 The hepatocyte growth factor (HGF) and c-Met-mediated epithelial mesenchy-
mal mechanisms are important for follicle development [ 18 ]. HGF was reported as a 
growth factor that controls several key functions, including the regulation of growth 

A.D. Genazzani et al.
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and differentiation of ovarian follicles. It has been reported that the  HGF/c- Met sig-
nalling modulates every major component of folliculogenesis, including steroido-
genesis, the growth of theca and granulosa cells, and apoptosis of granulosa cells 
[ 19 ]. Nevertheless, it is currently unknown whether the HGF/c-Met signalling is 
involved in the development of immature oocytes in PCOS. 

 In one study [ 20 ], the levels of HGF in serum and in follicular fl uid and the 
mRNA expression of c- Met in granulosa cells were slightly higher in patients with 
PCOS than in normal patients taken as control, and the same study showed that the 
increase in serum HGF levels after hCG treatment was similar in the PCOS patient 
and in control group with no PCOS assessment. Higher levels of HGF in serum and 
in follicular fl uid and the increased c-Met expression in granulosa cells were impor-
tant for the maturation and fertilization of oocytes, and the increased c-Met expres-
sion in granulosa cells might be a marker for the fertilization of oocytes [ 20 ]. 

 In relation to PCOS and pregnancy, several studies indicate that women with 
PCOS have increased risk of adverse obstetric outcomes [ 21 ], with an increased risk 
of preeclampsia, pregnancy-induced hypertension, gestational diabetes, and pre-
term birth. Whether an increased risk of pregnancy complications has been related 
to PCOS, an increased BMI or fertility treatment is not fully understood. 

 Despite the diagnostic criteria, PCOS is still an unclear disease in terms of 
pathogenesis; both genetic and environmental factors may contribute to the onset 
of PCOS features [ 22 ]. On such genetic predisposition, environmental factors may 
play a key role, such as peculiar lifestyle, type of food, living condition, and also the 
impact during the intrauterine growth [ 23 ].  

2.2     The Impact of Obesity on the Features of PCOS Patients 

 Although the pathogenesis of PCOS is complex and fully understood, insulin resis-
tance and obesity are proposed to be key metabolic defects in its etiology [ 24 ]. 

 Obesity and abdominal obesity are common in PCOS with 10–50 % of women 
with PCOS having a BMI above the acceptable range of 19–25 kg/m 2  [ 25 ]. Both 
these enhance the features of insulin resistance and are associated with reproductive 
dysfunction including menstrual irregularity, increased serum androgens and lutein-
izing hormone (LH), infertility, and complications during pregnancy and childbirth 
[ 26 ,  27 ]. 

 There is considerable evidence that a key etiologic feature of PCOS is the pres-
ence of insulin resistance, which is present in the majority of women with PCOS, 
although its severity varies between lean and obese women [ 28 ]. 

 Insulin resistance is defi ned as the inability of insulin to exert its physiological 
effect. It is manifested peripherally (at the tissues level) or centrally (at the liver 
level) through a reduction in the ability of insulin to lower plasma glucose. This can 
be demonstrated as impaired insulin-stimulated glucose uptake and suppression of 
lipolysis at the muscles or adipose tissue, hepatic glucose overproduction, and sup-
pression of glycogen synthesis. The mechanism implicated in the etiology of insulin 
resistance includes elevated levels of plasma free fatty acid, cytokines such as tumor 
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necrosis factor alpha and interleukin 6, leptin, resistin, and the peroxisome 
proliferator- activated receptor gamma (PPAR gamma) [ 29 ]. 

 The gold standard    for detecting insulin resistance is the euglycemic clamp tech-
nique, where a constant infusion of insulin is maintained and glucose infusion is 
adjusted to maintain euglycemia [ 30 ]. 

 At steady state, the insulin-mediated glucose disposal rate can be calculated by 
the amount of infused glucose representing that taken up by tissues. Using the eug-
lycemic clamp technique, both lean and obese women with PCOS had signifi cantly 
lower rates of insulin-mediated glucose uptake than weight-matched controls of 
comparable age, thus indicating greater insulin resistance [ 31 ]. Obesity and PCOS 
had additive and deleterious effects on insulin sensitivity. Other studies of insulin 
resistance in PCOS support the additive role of obesity on the level of insulin resis-
tance seen [ 32 ]. 

 The impact of insulin in the presence of obesity in PCOS is particularly notable 
in high rates of glucose intolerance and diabetes seen in obese women with PCOS 
[ 33 ]. Glucose abnormalities may be detected by measurement of the fasting glu-
cose; however, this method may be less sensitive in obese women with PCOS. 
A signifi cant number of women with PCOS demonstrating glucose intolerance on a 
2 h glucose challenge will have normal fasting glucose level according to the 
American Diabetes Association (ADA) criteria [ 33 ,  34 ]. 

 Evidence exists that an android body fat distribution (i.e., a central distribution 
of body fat) induces higher risk of cardiovascular disease and diabetes than does a 
gluteofemoral fat distribution [ 34 ,  35 ]. In particular, visceral adipose tissue exhibits 
functional differences in comparison to subcutaneous adipose tissue when studied 
in vitro [ 36 ]. Production of adipocyte-associated cytokines, such as adiponectin and 
leptin, as well as infl ammatory markers such as IL6, varies between the two adipo-
cyte compartments [ 37 ]. Under conditions of visceral fat accumulation, these com-
partmental differences may contribute to the association between visceral fat and 
insulin resistance [ 38 ]. 

 Women with PCOS tend to accumulate fat in a central distribution as demon-
strated by increased waist-to-hip ratio [ 39 ]. In PCOS, this increase in visceral fat is 
associated with a worse metabolic profi le, with higher fasting insulin levels, dyslip-
idemia, and higher serum androgen concentrations [ 40 ]. Central fat mass correlates 
with serum levels of infl ammatory markers such as C-reactive protein, indepen-
dently of age and total fat mass as reported in a recent study on PCOS and BMI- 
matched controls [ 41 ]. Modest alterations, therefore, in the visceral fat compartment 
may produce a signifi cant impact on metabolic parameters. 

 The predominant underlying risk factor for development of metabolic syndrome 
is abdominal obesity and likely represents a consequence of insulin resistance. 
Patients with PCOS has been reported to have an increased risk of metabolic syn-
drome (MS), which refers to a clustering within the same individual of hyperinsu-
linemia, mild to severe glucose intolerance, dyslipidemia, and hypertension, and 
an increased risk for cardiovascular disease and diabetes [ 42 ]. The prevalence of 
metabolic syndrome in PCOS ranges from 33.4 to 47.3 % in published trials [ 43 ]. 
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In 2006, the International Diabetes Federation defi ned the features of the MS and 
defi ned central obesity as present when the waist circumference is above 80 cm; in 
European women, this was considered as a necessary prerequisite risk factor for the 
diagnosis of MS [ 44 ]. 

 The risk factors for MS are as follows:

•    Waist circumference >88 cm  
•   Elevated triglycerides >150 mg/dL (>1.7 mmol/l)  
•   Reduced HDL cholesterol <50 mg/dL (<1.29 mmol/l)  
•   Elevated blood pressure untreated >130 mmHg systolic or >85 mmHg diastolic  
•   Fasting plasma glucose >100 mg/dL (over 5.6 mmol/l) or previous diagnosis of 

type 2 diabetes mellitus    

 Women with PCOS have lower HDL levels, higher LDL to HDL ratio, and 
higher triglyceride levels than healthy eumenorrheic women. All these are inductors 
of subclinical atherosclerosis as demonstrated by the increased thickness of the 
carotid intima media and by the higher endothelial dysfunction observed in PCOS 
patients [ 9 ], probably related to the insulin resistance and/or to the higher free tes-
tosterone plasma level [ 45 ]. 

 The impact of metabolic syndrome on the presence of cardiovascular morbidity 
in PCOS has not been studied; as metabolic syndrome is recognized as a signifi cant 
risk factor for cardiovascular disease in the general population, obese women with 
PCOS with metabolic syndrome would appear to be at increased risk as well [ 46 ]. 
Such risk has also been demonstrated to be higher in postmenopausal women, pre-
viously demonstrated to be PCOS during fertile life [ 47 ].  

2.3     Endocrine Profile of PCOS Patients 

 PCOS is characterized by increased ovarian and adrenal androgens, increased 
luteinizing hormone (LH) levels, high estrogen levels (mainly estrone) due to 
extraglandular conversion from androgens, lower levels of sex hormone binding 
protein (SHBG), and higher levels of insulin, the latter often present in overweight 
or obesity. Hyperandrogenism is a key feature of the syndrome, although it is not 
constant [ 48 ]. It is mainly of ovarian origin with an adrenal contribution, since a 
certain percentage of PCOS women might show a mild steroidogenetic defect in 
adrenal glands (such as for 21-hydroxylase) or just a higher adrenal hyperactivation 
due to stress [ 49 ]. 

 Androstenedione and testosterone are the markers of androgen secretion from the 
ovary, whereas dehydroepiandrosterone sulfate (DHEAS) is the best markers of adrenal 
secretion. The great part of testosterone is derived from peripheral conversion of andro-
stenedione and from direct ovarian production. Dysregulation of cytochrome p450c17, 
the androgen-forming enzyme in both the adrenal glands and the ovaries, is the central 
pathogenic mechanism underlying hyperandrogenism in PCOS patients [ 50 ]. 
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 Hyperandrogenism correlates positively with insulin resistance, and obesity 
worsens insulin resistance. Additionally, obesity is associated with lower concen-
trations of SHBG that is the major binding protein for testosterone. Normally, less 
than 3 % of testosterone circulates as unbound in the serum. The presence of hyper-
androgenism reduces the hepatic synthesis of SHBG and leads to a relative excess 
of free circulating androgens. In PCOS, hirsutism usually occurs with decreased 
SHBG levels and obesity [ 51 ]. 

 Moreover, estrone plasma levels, a weak estrogen with biological activity 100 
times less than estradiol, are increased as the result of peripheral conversion of 
androstenedione by aromatase activity.    Excess of estrone leads to a hyperestrogenic 
state, and this might predispose patient to endometrial proliferation and to a higher 
risk for endometrial cancer [ 52 ]. 

 Compared to normal women, women with PCOS had an accelerated LH pulse 
pattern. However, when obese women with PCOS were studied in comparison to 
lean PCOS women, an attenuated pattern of LH secretion was noted in the obese 
women. Twenty four hours mean LH concentrations have also been noted to be 
lower with increasing BMI in obese women [ 53 ]. 

 Overall obesity appears to exert a signifi cant, although modest, impact on hyper-
androgenism in PCOS, mediated primarily via impact on free hormone concentra-
tion. There is also evidence of attenuation of LH secretion with obesity resulting in 
a lower LH to FSH ratio. Hirsutism is reported more frequently in obese women 
with PCOS, consistent with the impact of higher free androgen concentration. 

    A great percentage of PCOS patients are overweight to severely obese, and any 
excess of weight can induce a reduction of peripheral tissue sensitivity to insulin, 
thus inducing the compensatory hyperinsulinism. Hyperinsulinemia might be cen-
tral in the pathogenesis of the syndrome because it can induce higher ovarian andro-
gen production and anovulation [ 54 ], sustained also by the abnormal LH secretion, 
with a higher frequency of menstrual abnormalities than in normoinsulinemic PCOS 
patients [ 55 ]. Insulin resistance and compensatory hyperinsulinemia are metabolic 
disturbances easily observable in at least 45–65 % of PCOS patients and frequently 
appear to be related to excessive serine phosphorylation of the insulin receptor [ 56 ].  

2.4     Lifestyle Modification in PCOS Treatment 

 One of the primary goals of treatment in PCOS is the normalization of serum andro-
gens and restoration of reproductive function; however, the presence of metabolic 
disturbance has become a prominent feature of the disease that may interfere with 
long-term health. 

 In non-PCOS subjects, weight loss and exercise reduce insulin resistance, 
plasma lipids, and blood pressure. In PCOS, therapeutic use of insulin sensitizing 
agents normalizes hyperinsulinemia and hyperandrogenism. However, management 
of lifestyle factors, where possible, is preferable to pharmacological management 
because of potential costs, side effects, and long-term maintenance. Metabolic 
abnormalities are signifi cantly increased by obesity in PCOS, with high prevalence 
rates of impaired glucose tolerance and diabetes as well as dyslipidemia. 
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 In PCOS, caloric restriction improves insulin sensitivity measured through 
euglycemic clamps, fasting glucose/insulin ratios, homeostasis model assessment 
(HOMA), OGTT stimulated insulin, and fasting insulin.    Weight loss in obese 
women with PCOS has been demonstrated to reduce hyperlipidemia, in particu-
lar total cholesterol and triglycerides levels and plasminogen activator inhibitor-1 
 (PAI- 1) activity, a marker of impaired fi brinolysis and atherothrombosis [ 57 ]. 
Weight loss also decreases ovarian cytochrome P450 c17 alpha activity and reduces 
basal adipocyte lipolysis. 

 Pasquali et al. studied obese PCOS women undergoing a hypocaloric diet with or 
without metformin administration [ 58 ]. A 12.3 % reduction in visceral fat was noted 
in those treated with diet alone versus 2.5 % reduction in subcutaneous fat. This 
suggests that there is a great sensitivity to reduction in the more metabolically active 
visceral component of adipose tissue with energy restriction. 

 Weight reduction in PCOS women improves insulin sensitivity as measured by 
euglycemic clamp studies [ 59 ]. Both insulin values of a 2 h oral glucose tolerance 
test [ 60 ] and fasting insulin parameters [ 61 ] have been shown to improve with 
weight reduction in PCOS patients. 

 Hyperandrogenism is one of the defi ning characteristics of PCOS and it is a rel-
evant target for treatment in PCOS women. Hirsutism, a common clinical sign of 
PCOS, has been noted to be worsened in obese PCOS patients [ 62 ]. Serum testos-
terone and free androgen index are also increased in these types of patients [ 63 ]. 
Pasquali et al., after 3 months of treatment, did not show any change in sex steroid 
concentration in obese PCOS women [ 64 ]. 

 In contrast, other studies, have demonstrated improvements in serum androgens 
or in SHBG levels, with decrease in free testosterone levels [ 65 ], and improvement 
in hirsutism [ 66 ]. Although altered gonadotropin secretion has been demonstrated 
in PCOS, studies evaluating weight loss have not demonstrated restoration of nor-
mal gonadotropin secretion. No improvements in LH pulsatility were found after 
weight loss as shown by Guzick et al. [ 61 ]. 

 Van Dam et al. [ 67 ] studied women with PCOS after short-term dietary restric-
tion with 24 h frequent sampling. They demonstrated an increased LH basal and 
pulsatile secretion, although they did demonstrate a 23 % reduction in serum testos-
terone. Overall these data indicate that reductions in androgens observed after 
weight loss may not be mediated by changes of pulsatile gonadotropin secretion but 
perhaps through other mechanisms such as changes in insulin sensitivity at the pitu-
itary level. 

 Modest weight loss has been shown to have a signifi cant effect in improving 
menstrual cycles and ovulation in PCOS [ 61 ]. There are no randomized data on the 
impact that modest weight reduction has on the live birth rate, either with pregnan-
cies resulting from spontaneous ovulation or in response to fertility treatment. 
Lifestyle modifi cation also reduces the long-term risk of diabetes, heart disease, and 
possible endometrial cancer in PCOS women. 

 Useful changes include the following: dietary modifi cation with reduction in 
calories by limiting daily intake to 1,400 kcal with low daily intake of simple and 
complex sugar and increased in protein intake, low intake of sugary drinks, avoid 
snacking between meals, and increase intake of low glycemic index fruits and 
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vegetables. Other important    lifestyle modifi cations are smoking cessation, moder-
ate alcohol/caffeine intake, and regular moderate daily exercise (at least 30 min a 
day at the very least). 

 Some studies [ 68 ] have shown that lifestyle changes (in this case, intensive exer-
cise with a goal of over 150 min/week of activity) resulting in weight loss reduced 
the risk of type 2 diabetes [ 69 ]. The same studies found lifestyle changes to be 
superior to metformin administration. Thus, all women with PCOS should be 
encouraged to follow a healthy diet to engage in regular exercise. Their lifestyle 
changes to achieve pregnancy will improve and the risks during pregnancy will be 
reduced. A healthier lifestyle will also reduce their long-term risk of diabetes, 
hypertension, dyslipidemia, and cardiovascular diseases. It is important for all pri-
mary care providers to identify patients who may have PCOS. These patients need 
to undergo the appropriate screening tests and should be counselled about diet and 
exercise. Pharmacological intervention could be combined with this approach as 
appropriate, but the abovementioned studies suggest that lifestyle modifi cation is 
the fi rst-line treatment.  

2.5     Use of Insulin Sensitizer Agents and Inositol 
in PCOS Treatment 

 The logic for use of insulin sensitizer drugs, such as metformin, to treat PCOS 
patients is the fact that about 45–65 % of these patients have been demonstrated to 
have insulin resistance and a compensatory hyperinsulinemia that negatively affect 
ovarian function in terms of steroidogenesis and follicular recruitment and matura-
tion [ 21 ]. 

 Excess insulin increases androgen concentrations blocking follicular maturation 
and increasing cytochrome P450 c17a activity, a key enzyme in the synthesis of 
both ovarian and adrenal androgens [ 21 ]. This situation typically increases 
17-hydroxyprogesterone (17OHP), androstenedione, and testosterone plasma lev-
els. The excess of intraovarian androgens negatively modulates follicular function 
and ovarian activity, thus inducing the typical stromal hypertrophy and maintaining 
ovarian atresia and anovulation [ 21 ]. 

 The use of metformin might be suggested when abnormal insulin sensitivity is 
diagnosed [ 70 ].    Metformin reduces hepatic glucose production from 9 to 30 % on 
peripheral tissues, such as muscle cells and adipocytes, and acts by increasing glu-
cose uptake through the glucose transport system. 

 Metformin positively acts on hormonal PCOS abnormalities through a direct 
and/or indirect action on steroidogenesis [ 21 ]; the recovery of normal ovulatory 
function is probably due to the direct action of metformin on the ovarian tissues and 
to the metformin-induced normalization of the ovarian steroidogenesis with normal 
feedback on the pituitary gland, lowering LH secretion and restoring LH pulse 
secretion. Metformin improves ovarian and adrenal steroidogenesis; in fact, insulin 
plays specifi c modulatory roles on these two glands that have the same enzymatic 
pathways [ 71 ]. 
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 The use of insulin sensitizers do not reduce hyperandrogenism better than oral 
contraceptive [ 72 ], but as recently reported, the typology of PCOS to be treated is 
of great relevance, since only when insulin sensitivity is abnormal metformin shows 
a greater effi cacy on all the PCOS features including hyperandrogenism [ 73 ]. Other 
metabolically active hormones such as leptin, resistin, adiponectin, and ghrelin are 
positively activated by metformin administration and thus participate in the 
improvement of the reproductive function at the hypothalamus-pituitary-ovarian 
level. 

 In the last years, a higher attention has been given to the role of inositol- 
phosphoglycan (IPG) mediators of insulin action [ 74 ], and growing evidences sug-
gest that a defi ciency of D-chiro-inositol (DCI) containing IPG might be at the basis 
of insulin resistance, frequent in PCOS patients. PCOS patients have high urinary 
clearance of DCI [ 75 ] and that metformin administration in obese PCOS patients 
improves the release of DCI-IPG mediator [ 76 ]. 

 DCI is synthesized by an epimerase that converts myo-inositol into DCI and, 
depending on the specifi c needs of the two molecules, each tissue has a typical con-
version rate [ 77 ]. Considering that ovaries never become insulin resistant and being 
MYO administration able to induce regular menses in both lean and obese hyperin-
sulinemic PCOS patients [ 74 ], a possible modulatory role of MYO on the insulin- 
mediated endocrine effects has been hypothesized [ 74 ]. Recent studies suggest that 
some abnormal action of insulin might be dependent from IPG mediators of insulin 
action and suggest that a defi ciency in a specifi c DCI-containing IPG may underlie 
insulin resistance, similarly to type 2 diabetes. DCI administration has been demon-
strated to reduce insulin resistance both in lean and obese patients with PCOS 
improving ovarian function and decreasing hyperandrogenism [ 78 ]. Such studies 
suggested the putative presence of a defect in the insulin signalling pathway in 
which DCI-PG is the mediator of insulin action, thus contributing to the pathophysi-
ology of the insulin resistance of PCOS [ 75 ]. Besides DCI, MYO has been reported 
to be greatly correlated to ovarian function [ 79 ] and oocyte quality in patients 
undergoing IVF procedures, independently from circulating plasma levels [ 80 ]. 
Such data support a specifi c role also for MYO on gonadotropin-induced ovarian 
function [ 81 ] though not confi rmed by others [ 75 ]. 

 MYO administration has been demonstrated to modulate insulin sensitivity in 
overweight PCOS patients improving all hormonal parameters and improving insu-
lin sensitivity [ 74 ,  81 ]. The daily dosage of 2 g in the morning has been reported to 
be effective in hyperinsulinemic obese PCOS patients with fasting insulin levels 
above 12 mU/ml [ 81 ]. Such insulin level seems to be a putative cutoff that suggests 
when MYO administration might give higher chances of success not only on hor-
monal parameters but also on hyperinsulinemia and insulin sensitivity [ 81 ]. 

 In conclusion, PCOS is a complex syndrome, with hormonal and metabolic 
aspects, and the therapeutical approach for PCOS patients needs to consider these 
two aspects together. Metformin as well as inositol integrative administration might 
be easily used to solve the metabolic aspects of PCOS impairments. Lifestyle as 
well as hormonal treatments has to be considered relevant therapeutic tools to be 
used together with insulin sensitizer drugs.     
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3.1            Introduction 

 Polycystic ovary syndrome (PCOS) is a very peculiar disease and is one of the most 
frequent endocrine disorders in women as it occurs in as many as 8–10 % of women 
of reproductive age [ 1 ,  2 ]. For many years, there has been no agreement on the cri-
teria on which to base the diagnosis of PCOS. This was probably a consequence of 
the heterogeneity of the syndrome, but also depended on the absence of clear patho-
genetic mechanism(s) [ 3 ]. 

 At fi rst, the diagnostic criteria proposed by the NIH for PCOS were the presence 
of hyperandrogenism and chronic anovulation with clear exclusion of related ovula-
tory or other androgen excess disorders (i.e., hyperprolactinemia, thyroid diseases, 
androgen-secreting tumors and adrenal dysfunction/hyperplasia) [ 4 ]. These criteria 
did not include the presence of polycystic ovaries at ultrasound examination because 
it was observed that polycystic ovaries could also be present in healthy eumenor-
rheic women [ 5 ]. A few years later the diagnostic criteria were expanded and PCOS 
was considered to be present when at least two of the three features were diagnosed: 
oligo- or anovulation, clinical/biochemical hyperandrogenism, and polycystic ova-
ries as assessed by ultrasound examination [ 6 ]. This evolution was relevant because 
it permitted the inclusion of women with PCOS who had been excluded by previous 
criteria: those with polycystic ovaries affected by hyperandrogenism and ovulatory 
cycles, or chronic anovulation and normal androgen levels. After assessing this, we 
then have to clarify that PCOS is completely different from PCO. PCO means 
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polycystic ovary and refers only to the morphological aspect of the ovary at ultrasound 
examination. Indeed, PCOS can be found in many other dysendocrinopathies such 
as hyperprolactinemia, thyroid dysfunction, and stress-induced amenorrhea.  

3.2     Endocrine Profile of PCOS 

 Polycystic ovary syndrome is characterized by higher plasma concentrations of 
ovarian and adrenal androgens, increased luteinizing hormone (LH) levels, high 
estrogen levels (especially estrone) owing to extraglandular conversion from andro-
gens, lower levels of sex hormone-binding globulin (SHBG) and higher levels of 
prolactin and insulin, the latter often in the presence of excess weight or obesity. 

 Although the pathogenesis of PCOS is still controversial [ 7 – 9 ], PCOS typically 
shows elevated LH and normal or relatively low follicle-stimulating hormone (FSH) 
secretion; thus, almost 50–60 % of PCOS patients show a high LH:FSH ratio (>2.5) 
[ 7 ,  8 ], an exaggerated LH response to gonadotropin-releasing hormone (GnRH) 
stimulation test [ 7 ,  8 ] and a higher frequency of LH pulsatile release from the pitu-
itary [ 4 ,  7 ,  8 ,  10 ], which induces higher stimulation of theca cells and excess andro-
gen secretion, as well as impaired follicular development [ 4 ]. 

 Androgen excess is a classic feature of the syndrome, although it is not constant 
[ 7 ] and is a great part of ovarian production with an adrenal contribution, as a cer-
tain percentage of PCOS patients may show a mild steroidogenetic defect in the 
adrenal glands (such as for 21-hydroxylase) or merely greater adrenal hyperactiva-
tion owing to stress [ 11 ]. Androstenedione and testosterone are the best markers of 
ovarian androgen secretion, while dehydroepiandrosterone sulfate (DHEAS) is the 
best marker of adrenal secretion. Most testosterone is derived from peripheral con-
version of androstenedione and from direct ovarian production. In addition, the 
adrenal glands contribute in part to testosterone, although in hyperandrogenic PCOS 
the main source of androgens is usually the ovaries. As cytochrome p450c17 is the 
androgen-forming enzyme in both the adrenal glands and the ovaries, whatever 
changes or increases its activity triggers the pathogenic mechanism underlying 
hyperandrogenism in PCOS [ 4 ]. In addition, in the presence of 5α-reductase, testos-
terone is converted within the cell to the more biologically potent androgen dihy-
drotestosterone. Excess or normal 5α-reductase activity in the skin determines the 
presence or absence of hirsutism [ 12 ]. Additionally, estrone plasma levels, a weak 
estrogen with biological activity 100 times less than estradiol, are increased as a 
result of the peripheral conversion of androstenedione by aromatase activity, which 
is more active in PCOS than in healthy controls, while estradiol levels are normal or 
low because of the frequent anovulatory cycles. All this results in a chronic hyper-
estrogenic state with the reversal of the estrone:estradiol ratio that may predispose 
to endometrial proliferation and to a possible increased risk of endometrial cancer 
[ 13 ,  14 ]. Another relevant aspect is the fact that normally less than 3 % of testoster-
one circulates as unbound in the serum. In fact, most circulating androgens are 
bound to SHBG, and thus biologically inactive. Any condition that decreases the 
levels of SHBG (such as an excess of circulating androgens) inducing reduced 
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hepatic synthesis, leads to a relative excess of free circulating androgens. In PCOS, 
hirsutism usually occurs with decreased SHBG levels and obesity [ 4 ]. 

 In addition, androgen excess may both directly and indirectly induce alterations 
in glucose metabolism, and ultimately be an additional cause of abnormal insulin 
sensitivity. Androgens may directly inhibit peripheral and hepatic insulin action. In 
fact, testosterone could induce insulin resistance in women with PCOS, acting on 
the post-binding signal, in particular by reducing the number and effi ciency of glu-
cose transport proteins, such as the type 4 glucose transporter (GLUT-4), especially 
in muscle and fat tissues [ 15 ]. It has also been reported that women with central 
obesity, typical of obese PCOS sufferers, have higher free androgen levels and 
exhibit signifi cantly higher levels of insulin insensitivity than weight-matched con-
trols and show increased free fatty acids [ 4 ].  

3.3     PCOS, Brain and Abnormal Steroid Milieu 

 On the basis of what has been reported above, it is clear that in PCOS patients aes-
thetic problems such as acne, seborrhea and hirsutism can be terribly common and 
invalidating and their occurrence is simply related to the excess of androgens due to 
the abnormal ovarian function/regulation, which leads to chronic anovulation. 

 In most of these cases the only real solution is the use of a contraceptive pill. This 
choice is not merely related to the fact that normal menstrual cyclicity has to be re- 
established, but also to the fact that the clinical signs that PCOS patients show are 
invalidating, mainly from a psychological point of view. This aspect is quite com-
plex; however, at its basis there are not only subjective complaints. but also greater 
vulnerability due to the impaired production of endogenous neurosteroids. 

 Indeed, it has been recently reported that patients suffering from menstrual dis-
turbances (oligo- or amenorrhea) have a higher chance of experiencing changes in 
mood and behavior, anxiety and depression [ 16 – 18 ] and that such impairments are 
to a great extent related to the reduced ability to secrete active neurosteroids, such 
as allopregnanolone, inside the brain. Usually, estradiol, progesterone and DHEAS 
are the steroids that as inductors or substrate permit the regular synthesis of allo-
pregnanolone. Whatever dysfunction of the ovarian function occurs, the steroid 
milieu is impaired and consequently the biosynthesis of neurosteroids to. Recently, 
we reported that in obese hyperinsulinemic PCOS patients, the absence of adrenal 
response in terms of allopregnanolone secretion to adrenocorticotropic hormone 
(ACTH) stimulation was restored under metformin administration [ 19 ], thus sug-
gesting that on the basis of the frequently observed sexual dissatisfaction [ 16 – 18 ], 
as well as a high degree of occurrence of a depressive state [ 20 ] in PCOS, there is a 
lack of or an impaired synthesis of neurosteroids from the adrenal gland and/or by 
the brain. Moreover, being PCOS anovulatory in a higher rate with normal or abnor-
mal menstrual cyclicity, high androgens and relatively low estrogens induce lower 
SHBG production, thus permitting a higher amount of free circulating androgens. 
On the other hand, low estrogens and no progesterone or very low progesterone due 
to anovulation determine low synthesis of neurosteroids in the brain. 
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 It is quite clear that impairment of ovarian function affects various compartments 
and systems and the putative suggestion of the use of a contraceptive pill deserves 
consideration in blocking the abnormal ovarian function and reducing androgen 
production on the one hand and increasing the estrogenic milieu at the liver level, 
thus promoting SHBG synthesis.  

3.4     Estrogen–Progestin Preparations and PCOS 

 In general, we can say that all combined estrogen–progestogen preparations are able 
to more or less solve the clinical complaints of any PCOS patient. This is because 
such preparations block the ovary, suppress androgen production and improve SHBG 
synthesis, thus reducing the circulating free androgens that are biologically effective 
on the target tissues such as skin, sebaceous glands and hair follicles [ 21 ,  22 ]. 

 As it is well known that the estrogenic compound of the contraceptive pill 
(i.e. ethinyl estradiol) only has ovariostatic activity (no direct antiandrogenic effect); 
the antiandrogenic action has to be modulated by the progestogen compound. 
At present there are four progestogens with specifi c antiandrogenic activity: cyprot-
erone acetate, dienogest, drospirenone and chlormadinone acetate [ 21 ]. Cyproterone 
acetate is the progestogen with the highest antiandrogenic activity; although it 
induces a relatively higher rate of side effects such as cephalea, all the others induce 
similar positive effects [ 22 ]. Contraceptive pill administration not only improves the 
clinical signs of the androgenization, it also normalizes the ovarian size and mor-
phology, which are typically impaired in PCOS patients [ 23 ]. As an additional 
effect, estrogen–progestogen preparations protect against both follicular and corpus 
luteum cyst occurrence [ 22 ]. 

 The effi cacy of contraceptive preparations with regard to the signs of hyperan-
drogenism (i.e. acne, hirsutism, seborrhoea and alopecia) is determined as a func-
tion of time, as the biological evolution of the skin and of all its annexes is 
approximately 110–120 days. This means that the youngest cells of the epithelium 
become old and superfi cial in around 4 months. Whatever the contraceptive pill 
administered, the minimum treatment period has to be 4–5 months, possibly up to 
12 months. Better results are obtained when such pills are administered for longer 
periods and/or coupled with antiandrogen compounds such as fl utamide [ 24 ] or 
fi nasteride. 

 Most clinicians agree on the fact that the treatment of dysendocrinopathy of 
PCOS greatly supports the psycho-emotional recovery of almost all PCOS patients. 
Moreover, the use of the contraceptive pill for long periods of time protects the 
patient from being a victim of the recrudescence of hyperandrogenism and the 
diseases it induces, mainly chronic anovulation and infertility. In fact, the use of 
the estrogen–progestogen preparation has been reported to improve the chance of 
conception [ 25 ] and there is no difference in this kind of benefi cial protective effect 
on ovarian function between the progestin-only pill and combined oral contracep-
tives. After 12 months of discontinuation of the treatment in order to conceive, the 
conception rate was 95–99 % in those using the pill versus 70–81 % for those 
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patients using depot medroxyprogesterone acetate (DMPA) injections or Norplant 
(levonorgestrel implants) [ 25 ]. 

 If the rationale is correct and all the data we have with regard to PCOS are true 
[ 26 ], environmental and genetic factors induce PCOS and mark that patient as 
“affected” up to the postmenopausal period. This means that predisposition to all 
the clinical problems is quiescent up to the moment when the patient undergoes 
treatment and aging (more or less evident) will occur soon after discontinuation. 

 As during the perimenopausal and postmenopausal transition there is a relevant 
modifi cation of the endocrine profi le in all women, those who have had PCOS dur-
ing fertile life are more predisposed to having severe symptoms such as those 
related to behavior, mood, sleep, anxiety, and those related to metabolism, in par-
ticular insulin resistance and compensatory hyperinsulinemia. The menopausal 
transition induces, as a natural event, insulin resistance that, together with the 
hypoestrogenism and the lack of progesterone, induces a greater tendency toward 
increasing body weight. There are convincing data that this metabolic link has to 
be considered relevant when discussing the menopause with our ex-PCOS peri-
menopausal patients [ 27 ]. 

 The menopausal transition may substantially worsen a previously not perfect 
metabolic condition. Since both estrogens and progesterone are able to modulate 
the glucose metabolism, as soon as the perimenopausal modifi cations of the ovarian 
function take place and within a few months/years the menopause begins [ 28 ,  29 ], 
abnormalities of the metabolic pathways may be more relevant than expected if dur-
ing fertile life abnormal metabolic function(s) were present, such as insulin resis-
tance with excess weight or obesity. 

 Although it cannot be generalized, the use of hormone replacement therapy is 
crucial and important at the moment of the menopausal transition, ensuring that the 
patient has no contraindications. It is relevant to maintaining an adequate steroidal 
milieu so that biological pathways, in particular the metabolic ones, are not crushed 
by the overlapping phenomena of menopause plus aging [ 30 ]. 

 In conclusion, lifestyle, good and healthy eating, and the right amount of physical 
exercise are relevant in PCOS patients during fertile life, with or without the use of 
oral contraceptives, but when menopausal transition takes place all of the above need 
to be coupled with adequate hormone replacement therapy to counteract the higher 
risk of menopausal PCOS sufferers in facing higher rate of diseases, mainly cardio-
vascular diseases and diabetes.     

   References 

    1.    Carmina E, Lobo RA (1999) Polycystic ovary syndrome: arguably the most common endocri-
nopathy is associated with signifi cant morbidity in women. J Clin Endocrinol Metab 84:
1897–1899, 4  

    2.    Genazzani AD, Ricchieri F, Lanzoni C (2010) Use of metformin in the treatment of polycystic 
ovary syndrome. Womens Health (Lond Engl) 6:577–593  

    3.    Carmina E (2003) Genetic and environmental aspects of polycystic ovary syndrome. 
J Endocrinol Invest 26:1151–1159  

3 Polycystic Ovary Syndrome



30

         4.    Zawadzki JK, Dunaif A (1992) Diagnostic criteria for polycystic ovary syndrome: towards a 
rational approach. In: Dunaif A, Givens JR, Haseltine FP, Merriam GR (eds) Polycystic ovary 
syndrome. Blackwell, Boston, pp 337–384  

    5.    Polson DW, Adams J, Wadsworth J, Franks S (1988) Polycystic ovaries – a common fi nding in 
normal women. Lancet 1:870–872  

    6.    The Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group (2004) Revised 
2003 consensus on diagnostic criteria and long-term health risks related to polycystic ovary 
syndrome (PCOS). Hum Reprod 19:41–47  

        7.    Hirschberg AL (2009) Polycystic ovary syndrome, obesity and reproductive implications. 
Womens Health 5:529–540  

      8.    Doi SA (2008) Neuroendocrine dysfunction in PCOS: a critique of recent reviews. Clin Med 
Res 6:47–53  

    9.    Vrbikova J, Hainer V (2009) Obesity and polycystic ovary syndrome. Obes Facts 2:26–35  
    10.    Kalro BN, Loucks TL, Berga SL (2001) Neuromodulation in polycystic ovary syndrome. 

Obstet Gynecol Clin North Am 28:35–62  
    11.    Genazzani AD, Petraglia F, Pianazzi F, Volpogni C, Genazzani AR (1993) The concomitant 

release of androstenedione with cortisol and luteinizing hormone pulsatile releases distin-
guishes adrenal from ovarian hyperandrogenism. Gynecol Endocrinol 7:33–41  

    12.    Plouffe L Jr (2000) Disorders of excessive hair growth in the adolescent. Obstet Gynecol Clin 
North Am 27:79–99  

    13.    Vrbikova J, Cibula D (2005) Combined oral contraceptives in the treatment of polycystic ovary 
syndrome. Hum Reprod Update 11:277–291  

    14.    Cibula D, Gompel A, Mueck AO, La Vecchia C, Hannaford PC, Skouby SO, Zikan M, Dusek L 
(2010) Hormonal contraception and risk of cancer. Hum Reprod Update 16:631–650  

    15.    Ciaraldi TP, el-Roeiy A, Madar Z et al (2002) Cellular mechanisms of insulin resistance in 
polycystic ovarian syndrome. J Clin Endocrinol Metab 75:577–583  

     16.    Monteleone P, Luisi M, De Filippis G, Colurcio B, Monteleone P, Genazzani AR, Maj M 
(2003) Circulating levels of neuroactive steroids in patients with binge eating disorder: a com-
parison with nonobese healthy controls and non-binge eating obese subjects. Int J Eat Disord 
34:432–440  

   17.    Monteleone P, Luisi S, Tonetti A, Bernardi F, Genazzani AD, Luisi M, Petraglia F, 
Genazzani AR (2000) Allopregnanolone concentrations and premenstrual syndrome. Eur J 
Endocrinol 142:269–273  

     18.    Bernardi F, Pluchino N, Begliuomini S, Lenzi E, Palumbo M, Luisi M, Genazzani AR (2004) 
Disadaptive disorders in women: allopregnanolone, a sensitive steroid. Gynecol Endocrinol 
19:344–353  

    19.    Genazzani AD, Chierchia E, Rattighieri E, Santagni S, Casarosa E, Luisi M, Genazzani AR 
(2010) Metformin administration restores allopregnanolone response to adrenocorticotropic 
hormone (ACTH) stimulation in overweight hyperinsulinemic patients with PCOS. Gynecol 
Endocrinol 26:684–689  

    20.    Hollinrake E, Abreu A, Maifeld M, Van Voorhis BJ, Dokras A (2007) Increased risk of depres-
sion in women with polycystic ovary syndrome. Fertil Steril 87:1369–1376  

     21.    Schindler AE (2008) Non-contraceptive use of hormonal contraceptives for women with vari-
ous medical problems. J Pediatr Obstet Gynecol 34:183–200  

      22.    Schindler AE (2013) Non-contraceptive benefi ts of oral hormonal contraceptives. Int J 
Endocrinol Metab 11:41–47  

    23.    Falsetti L, Gambera A, Tisi G (2001) Effi cacy of the combination ethinyl oestradiol and 
cyproterone acetate on endocrine, clinical and ultrasonographic profi le in polycystic ovarian 
syndrome. Hum Reprod 16(1):36–42  

    24.    Paradisi R, Fabbri R, Battaglia C, Venturoli S (2013) Ovulatory effects of fl utamide in the 
polycystic ovary syndrome. Gynecol Endocrinol 29:391–395  

     25.    Barnhart KT, Schreiber CA (2009) Return to fertility following discontinuation of oral 
contraceptives. Fertil Steril 91:659–663  

A.R. Genazzani and A.D. Genazzani



31

    26.    Franks S, Berga SL (2012) Does PCOS have developmental origins? Fertil Steril 97:2–6  
    27.    Puurunen J, Piltonen T, Morin-Papunen L, Perheentupa A, Jarvela I, Ruokonen A, Tapanainen 

JS (2011) Unfavorable hormonal, metabolic, and infl ammatory alterations persist after meno-
pause in women with PCOS. J Clin Endocrinol Metab 96:1827–1834  

    28.    dos Reis CM, de Melo NR, Meirelles ES, Vezozzo DP, Halpern A (2003) Body composition, 
visceral fat distribution and fat oxidation in postmenopausal women using oral or transdermal 
oestrogen. Maturitas 46(1):59–68  

    29.    Davis SR, Castelo-Branco C, Chedraui P, Lumsden MA, Nappi RE, Shah D, Villaseca P, 
Writing Group of the International Menopause Society for World Menopause Day 2012 et al 
(2012) Understanding weight gain at menopause. Climacteric 15(5):419–429  

    30.    Cagnacci A, Zanin R, Cannoletta M, Generali M, Caretto S, Volpe A (2007) Menopause, estro-
gens, progestins, or their combination on body weight and anthropometric measures. Fertil 
Steril 88(6):1603–1608    

3 Polycystic Ovary Syndrome



33© Springer International Publishing Switzerland 2015
B.C.J.M. Fauser, A.R. Genazzani (eds.), Frontiers in Gynecological 
Endocrinology: Volume 2: From Basic Science to Clinical Application, 
ISGE Series, DOI 10.1007/978-3-319-09662-9_4
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Hyperandrogenism 
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4.1            Introduction 

 Androgen excess during puberty produces a variety of clinical signs and symp-
toms that must be appropriately recognized, evaluated, and treated. Acne, hirsut-
ism, and obesity are outward signs of androgen excess, and they therefore must be 
considered as more than cosmetic concerns. The body image component of sex-
ual identity and peer interactions are critical for the evolving personality. Timely 
medical intervention may prevent health sequelae and contribute to psychological 
well-being.  
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4.2    Definition 

 Hyperandrogenism (HA) must be considered in an adolescent with [ 1 ]:

•    Severe acne  
•   Hirsutism  
•   Menstrual irregularities  
•   Abdominal obesity  
•   Masculinization of the body habitus  
•   Clitoromegaly    

 The management of an adolescent girl with HA has three main goals:

     1.    To eliminate the severe causes of HA, such as ovarian/adrenal tumors and the 
nonclassical form of congenital adrenal hyperplasia (NCCAH).   

   2.    To diagnose polycystic ovarian syndrome (PCOS) as early as possible in order to 
begin antiandrogen therapy without delay and put into place long-term strategies 
to prevent obesity and insulin resistance.   

   3.    To distinguish the so-called “physiological” HA of puberty, which will resume 
within one to 2 years from an endocrine cause. During pubertal development 
in the girl, plasma testosterone (T) rises from 0.1 to 0.5 ng/ml, while the sex 
hormone- binding globulin (SHBG) level drops from 3 to 1 nmol/l. This increased 
free plasma T is reinforced by both the physiological insulin resistance that 
occurs during puberty and the increase in insulin-like growth factor 1 (IGF-1) 
that parallels the pubertal growth spurt and growth hormone hyperproduction. 
All these events contribute to the so-called “physiological” HA, which is often 
associated with the multifollicular ovaries observed on pelvic ultrasonography 
(US).    

4.3      Causes of Hyperandrogenism in Adolescent Girls 

 In the peripubertal period, HA may be due to the following (Fig.  4.1 , Table  4.1 ):

•     Ovarian disorders, such as PCOS, hyperthecosis, ovarian tumors, and enzymatic 
defects such as 17-keto-reductase defi ciency  

•   Adrenal disorders, such as NCCAH, Cushing’s disease, or adrenal tumor  

Adolescent hyperandrogenism

Specific diseases:
- NCCAH
- Ovarian/adrenal tumors
- Hyperprolactinemia

Functional disorders:
- PCOS
- Idiopathic hirsutism
- Abdominal obesity

  Fig. 4.1    Diagnostic approach to adolescent hyperandrogenism       

 

C. Sultan et al.



35

•   A mixed origin, such as hyperprolactinemia, stress, anorexia nervosa, and elite 
sport  

•   A peripheral origin, such as obesity or idiopathic hirsutism    

 For the last 15 years, we have managed a cohort of 178 adolescent girls with 
HA in our pediatric endocrinology clinic. The causes of HA were as follows: 
PCOS (34 %), NCCAH (15 %), abdominal obesity (10 %), idiopathic hirsutism 
(9 %), elite sport (10 %), anorexia nervosa (6 %), transitory HA (11 %), 46,XY 
disorder of sex development (46,XY-DSD) (3 %), hyperprolactinemia (2 %), and 
endocrine tumors (1 %). 

4.3.1    PCOS During Puberty 

 The long-term sequelae of PCOS are well known and continue to present challenges 
for endocrinologists and gynecologists, who need to make early diagnoses (in the 
pubertal period) so that these teenagers can be promptly treated both symptom-
atically and prophylactically. The striking trend toward adolescent obesity should 
reinforce our responsibilities. Menstrual irregularities in adolescents in the early 
postmenarcheal years can be an early sign of PCOS. In obese adolescents who sub-
sequently develop glucose intolerance, there is an overall clinical impression that 
PCOS has become a prevalent cause of hyperandrogenism and menstrual disorders.

   There is currently no consensual defi nition of adolescent PCOS [ 2 ]. We propose 
to defi ne PCOS in the adolescent as the combination of four of the following criteria 
comprising the PCOS diagnosis (Fig.  4.2 ):

  Table 4.1    Causes of 
adolescent hyperandrogenism  

 1. Polycystic ovarian syndrome 

 2. Idiopathic hirsutism 

 3. Nonclassical congenital adrenal hyperplasia 

 4. Obesity 

 5. Transient/idiopathic hyperandrogenism 

 6. Adrenal: ovarian tumors 

 7. Hyperprolactinemia 

 8. Drugs 

Hyperandrogenism

Menstrual disorders

Central adiposity

Polycystic ovary (US)

Metabolic syndrome

Insulin resistance

PCOS

  Fig. 4.2    Pathophysiology of PCOS       
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•    Clinical HA: persistent and severe acne and hirsutism (Ferriman score >10)  
•   Oligo- or amenorrhea persisting 2 years postmenarche  
•   Biochemical evidence of HA: T >50 ng/ml, along with dysovulation (LH/FSH ≥2)  
•   Insulin resistance and hyperinsulinemia: visceral adiposity, acanthosis nigricans, 

and impaired glucose tolerance  
•   Polycystic ovarian morphology on ultrasound    

 There are several clinical expressions of PCOS during adolescence [ 3 ]:

•    Postmenarcheal PCOS, the most common expression.  
•   Premenarcheal PCOS.  
•   Familial PCOS.  
•   PCOS that occurs in adolescents previously diagnosed with central precocious 

puberty (CPP).  
•   PCOS that occurs in adolescents previously diagnosed with intrauterine growth 

retardation (IUGR) and/or precocious pubarche.  
•   Early metabolic expression: hyperinsulinism and insulin resistance are present in 

early puberty.  
•   In certain elite sports, we have observed PCOS-like symptoms in a signifi cant 

percentage of adolescent athletes (50 % vs 22 % in the control group) [ 4 ].    

 We propose screening for PCOS in all adolescents with oligo- or amenorrhea 
that persists 2 years after menarche, with particular attention given to those girls 
presenting obesity and a history of IUGR, premature pubarche, CPP, or familial his-
tory of PCOS. 

 Diagnosis of PCOS should be based on several criteria (Fig.  4.2 ):

    1.    Medical history
•    Birth weight (high or low)  
•   Ethnic origin  
•   Family history  
•   Adrenarche = premature pubarche?  
•   Lifestyle factors      

   2.    Physical examination
•    Degree and type of acne  
•   Degree and type of hirsutism  
•   Fat distribution (WHR: >70)      

   3.    Laboratory evaluation
•    Androgens: T, DHEAS  
•   17-OH progesterone  
•   LH (±FSH)  
•   Fasting glucose/insulin      

   4.    Radiologic imaging
•    Transabdominal US       
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  The aims of treatment are to regulate menses and improve androgenic concerns 
as well as lifestyle issues. The treatment is based on the following:

•    Lifestyle intervention and weight loss, both of which have been found to be ben-
efi cial in many areas.  

•   Antiandrogens (cyproterone acetate, Androcur*: 50 mg/day, day 1–day 20) and 
natural estrogens (Provames*: 2 mg/day, day 1–day 20).  

•   Oral contraceptive pills (OCP), if contraception is needed.  
•   Insulin sensitizers (metformin: 500 mg × 3/day) have been proven useful for 

regulating menses, inducing ovulation, and normalizing weight [ 5 ].     

4.3.2    Non-classical CAH 

 Individuals with non-classical CAH (NCCAH) typically present in late childhood, 
adolescence, or adulthood with signs and symptoms of excessive androgen produc-
tion. The prevalence of NCCAH ranges from 0.1 to 0.26 %, but it occurs much more 
frequently among Ashkenazi Jews (prevalence 1–2 %). 

 Many women with NCCAH are relatively fertile, but the success rate of 
women seeking pregnancy is in the range of 60–70 %. This heightened risk of 
subfertility may be due to ovulatory dysfunction, inadequate endometrial matu-
ration, or impaired embryo implantation secondary to the elevated progesterone 
levels. 

 The diagnosis NCCAH is sometimes diffi cult. Random 17-OH progesterone 
measurements may show values within the normal range [ 6 ]. The gold standard 
today therefore remains the ACTH stimulation test, which should identify 17-OH 
progesterone >1,500 ng/dl at the end of the test. 

 Genetic testing is helpful for diagnosis, especially to identify those individuals 
with compound heterozygous mutations, and for genetic counseling. Since two 
thirds of NCCAH women show compound heterozygosity, the predicted incidence 
is 1 out of 360. 

 The molecular genetic investigation of individuals with NCCAH has shown that 
the most common fi nding is compound heterozygous mutations with a different 
mutation on each allele:

•    Seventy percent of NCCAH: Val 281 Leu (50–82 % loss of 21-OHase).  
•   Other missense mutations: P30L, P4535, and R339H.  
•   The phenotype refl ects the residual activity of the milder mutation.    

 Many patients with NCCAH are asymptomatic and thus are not in need of treat-
ment [ 7 ]. 

 The symptomatic patients are often prepubertal girls with premature pubarche, 
girls with accelerated growth velocity and bone age, and adolescents with hirsutism 
(60 % of cases), oligomenorrhea (53 %), and persistent acne (30 %). 
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 The aims of treatment for NCCAH in adolescents and young women are the 
following:

•    Regularization of the menstrual cycle  
•   Prevention of progressive hirsutism (acne)  
•   Improved fertility    

 NCCAH management includes:

•    OCP alone, which is useful in oligomenorrheic, hyperandrogenic adolescents 
and women not seeking fertility  

•   Antiandrogens  
•   Glucocorticoids     

4.3.3    Idiopathic Hirsutism 

 Idiopathic hirsutism (IH) is defi ned by evidence of clinical HA contrasting with 
normal androgen levels and no menstrual dysfunction [ 8 ]. IH is considered as a 
hypersensitivity to androgens (short CAG repeat lengths on the androgen receptor 
in target cells). The current diagnosis of IH should be one of exclusion. 

 Its prevalence ranges between 10 and 15 % in certain ethnic groups (e.g., of 
Mediterranean origin).  

4.3.4    Obesity 

 Several studies have suggested that abdominal obesity is linked to HA in peripuber-
tal girls. In addition, peripubertal obesity has been associated with variable degrees 
of insulin resistance. Compensatory hyperinsulinemia can then increase ovarian 
and/or adrenal androgen production and lower SHBG, both of which increase free 
plasma T concentration [ 9 ,  10 ]. 

 In some girls, HA impairs the sensitivity of the GhRH pulse to negative  feedback, 
leading to a persistently rapid GnRH pulse and elevated LH, which maintain or 
worsen HA.   

4.4    Patient Evaluation 

 The fi rst visit begins with a thorough medical history and careful physical examina-
tion. Certain clinical symptoms should draw the clinician’s attention toward serious 
disease, such as:

•    Rapidly progressing hirsutism  
•   Symptoms of hypercorticism  
•   Galactorrhea    
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 In most situations, the symptoms of hyperandrogenism are mild, such as hirsut-
ism and acne. 

 The laboratory investigations are limited to evaluation of plasma T, 17-OH pro-
gesterone, and basal plasma LH and FSH; in some situations, however, investiga-
tion should include an ACTH stimulation test and/or genetic analysis, along with 
pelvic US [ 11 ,  12 ].  

   Conclusions 
     1.    Hyperandrogenism should be the concern of all health professionals who 

treat adolescents.   
   2.    Adolescents with hyperandrogenism are at increased risk for metabolic com-

plications, cardiovascular disease, and infertility.   
   3.    Intervention may prevent or reduce major health sequelae and can contribute 

to psychological well-being.         
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  5      Prevention of Adolescent Pregnancies 

             George     K.     Creatsas     

5.1            Introduction 

 Adolescent sexuality and reproductive health refers to adolescent pregnancies, ter-
mination of undesired pregnancies, contraception for adolescents, prevention and 
treatment of sexually transmitted diseases (STDs), and other gynecological patholo-
gies [ 1 ]. 

 Worldwide data presents that 56 % of girls and 73 % of boys have had sexual 
intercourse before the age of 18. Worldwide 27 % and in developed countries 7.5–
10 % of adolescent women get pregnant. 52 % of adolescents use noneffective con-
traception, and 31 % of adolescents used no contraception at fi rst intercourse, 
mostly those who had just met their sexual partner [ 2 – 4 ]. 

 The adolescent pregnancy rate is as high as 97/1,000 women aged 15–19. 
Approximately 49 % of these pregnancies are unintended (45/1,000 women unin-
tended pregnancy rate in the USA, the highest of industrialized nations). From the 
patients who had an unintended pregnancy only 42 % used contraception [ 5 ]. 

 Adolescence special needs for contraception are related to the frequency of sex-
ual intercourse, STDs, the fear of consultation, and the inadequate information pro-
vided to teenagers and the family. 31 % of adolescents used no contraceptive method 
at fi rst intercourse, mostly those who had just met their sexual partner [ 2 ,  3 ]. 

 Table  5.1  presents the contraceptive methods (CMs) used during adolescence.
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5.2        Oral Contraceptives 

 Among the new generation COCs, those with estradiol or estradiol valerate together 
with the new progestagenic compounds are recommended [ 6 ]. 

 If COCs are used properly, their failure rate is less than 1 %, while the typical 
failure rate is approximately 3 % in adults and 5–15 % in adolescents [ 6 ,  7 ]. On the 
other hand the noncontraceptive benefi ts of the new generation COCs should be 
emphasized to improve compliance during adolescence (Table  5.2 ) [ 8 ,  12 ].

   The COCs side effects are the most commonly reported reasons why adolescents 
discontinue this method. COCs users discontinued their use because of sexually 
transmitted infections, the fear for breast and cervical cancer, as well as the venous 
thromboembolism. 

 Teens should be advised that COCs are only effective if taken regularly. Another 
contraceptive method should be followed if more than two consecutive pills are 
missed in any menstrual cycle. In any case, sexually active adolescents always 
should be advised to use condoms, even while taking COCs.  

   Table 5.1    CMs for 
adolescents  

 Hormonal  Nonhormonal 

 COCs  The condom 

 Emergency contraception  The double dutch method 
 (COCs and condom)  

 LARCs  Others a  

  Injectable contraception    Sponge and diaphragm 

  IUDs    Abstinence 

  Implants    Withdrawal 

  Patches    Periodic sexual intercourse 

  Vaginal rings 

   COCs  combined oral contraceptives,  LARCs  long-acting reversible 
 contraceptive methods,  IUDs  intrauterine devices 
  a Not recommended  

  Table 5.2    Noncontraceptive 
benefi cial effects of 17 
β-estradiol COCS  

 Ovarian cysts, premenstrual tension, ectopic pregnancies 

 Endometrial, epithelial ovarian cancer and colorectal cancer 

 Menstrual disorders: dysfunctional uterine bleeding, 
dysmenorrheal oligomenorrhea 

 Endometriosis 

 Pelvic infl ammatory disease, dyspareunia, chronic pelvic pain 

 Bone mass 

 Polycystic ovarian syndrome: acne and hirsutism 

 Lipid and carbohydrate profi le, thyroid, hemostatic and 
infl ammation makers, liver function 

 Ovarian stimulation (pretreatment) 
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5.3    The Condom 

 The condom should be consistently used during adolescence preferably in combi-
nation with COCs (the double dutch method) as a method of providing complete 
protection against unwanted pregnancies and STDs. The condom is easily avail-
able and inexpensive, presents no side effects, and has an effectiveness of up to 
88% [ 13 ].  

5.4     Emergency Contraception 

 The emergency contraceptive methods are listed below [ 13 – 14 ]:

•    The combined “estrogen and progestin” emergency contraception (EC) kit. The 
kit contains four tablets of ethinyl estradiol and levonorgestrel.  

•   The progestin-only product. Two tablets of levonorgestrel, to be taken 12 h 
apart.  

•   A single dose of RU-486 – mifepristone. A progesterone blocker, which acts 
as an abortifacient given within 72 h of coitus with nearly of 100 % success 
rate.  

•   A 19-nor-progestagenic derivative given within 5 days after coitus, acting as 
endometrial progestagenic modulator.    

 The situations that call for the use of EC are:

•    No contraception used  
•   Condom breakage, slippage, or incorrect use  
•   Three or more consecutive missed COCs  
•   Progestogen-only pill (minipill) taken more than 3 h late  
•   More than 2 weeks late for a progestogen-only contraceptive injection  
•   Breakage, dislodgment, tearing, or early removal of a diaphragm or a 

cervical cap  
•   Failed coitus interruptus  
•   Failure of a spermicidal tablet  
•   Expulsion of an intrauterine device  
•   Miscalculation of the periodic abstinence method  
•   Sexual assault (woman not protected by a contraceptive method) [ 10 ,  11 ]     

5.5     Long-Acting Reversible Contraceptives 

 LARC’s (Table   5.1 ) are very useful methods for the prevention of adolescent preg-
nancies. LARC’s are also recommended for the prevention of unwanted pregnan-
cies in young women with special needs. 
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5.5.1     The Injectable Contraception 

 The injectable contraception (DMPA depot-medroxyprogesterone acetate) is an 
effective contraceptive agent and it is given intramuscularly every 12–13 weeks. 
The failure rate is 0.3 % [ 15 ].  

5.5.2     The Levonorgestrel IUDs 

 The levonorgestrel IUDs cause reversible atrophy of the endometrium. The new 
mini IUDs are preferable.  

5.5.3     The Implants 

 “The implants” is an alternative method not recommended for adolescents. The 
effective life varies from 6 to 84 months [ 16 – 17 ].  

5.5.4     The Patch 

 The contraceptive patches have a convenient application schedule: “3 weeks ON, 1 
week OFF.” Its delivery system offers continuous doses of estrogen and progester-
one. It is also not in common use by adolescents.  

5.5.5     The Vaginal Ring 

 The contraceptive ring has also a convenient schedule of 3 weeks IN 1 week 
OUT. The ring delivers combined-continuous doses of estrogen and progesterone. 
The pregnancy rates are decreased. A backup contraception is needed if the ring is 
removed for more than 3 h. The side effects and the bleeding profi les are compara-
ble to COCs [ 13 ,  18 ]. Merki-Feld and Hund [ 19 ] reported the main advantages of 
Nuvaring ® mentioned by a young group of users.   

    Conclusions 
 Consultation for adolescents should be provided by the family and health-care 
professionals in pediatric and adolescent gynecological units and family plan-
ning centers. Adolescents spend 17–20 h per week viewing TV or Internet. 
Numerous studies illustrate the television’s powerful infl uence on adolescents 
sexual attitudes and beliefs, while the Internet predisposes to early sexual activ-
ity [ 20 ]. 

 The future goals for the new contraceptive methods are the safety and their 
long-acting effect, the effi cacy the protection against STDs, as well as the revers-
ibility and the accessibility of the method.     
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  6      Transsexualism: Endocrine Aspects 

                Svetlana     Vujović     ,     M.     Ivović    ,     M.     Tančić     Gajić    ,     L.    J.     Marina    , 
    Z.     Arizanović    ,     M.     Barać    ,     S.     Popovic    ,     B.     Barać    ,     D.     Duišin    , 
    A.     Milošević    ,     M.     Djordjević    , and     D.     Micić   

        Harry Benjamin, the father and establisher of transsexualism, tried to describe this 
phenomenon as  terra incognita  or  noli me tangere  (1966), trying to explain that 
many doctors were blinded in the presence of a new undescribed and undiagnosed 
disorder [ 1 ]. Ira Pauly described one hundred transsexuals from 13 countries [ 2 ]. 

6.1     Definition 

 In everyday practice two sexes are mentioned: male and female. However, there are 
four different types of sex:

•    Gonadal (presence of ovaries or testis)  
•   Chromosomal (46,XX or 46,XY)  
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•   Phenotype (female or male)  
•   Psychic (feeling of being woman or man)    

 In a case of transsexualism, gonadal, chromosomal, and phenotype sex are of one 
type, and, psychic sex is the opposite. In such a situation, transsexualism can be 
classifi ed under pseudohermaphroditism. 

 Male-to-female transsexuals (MFTs) have testis, a 46,XY karyotype, a male phe-
notype and a feeling of being female. Female-to-male transsexuals (FMTs) have 
ovaries, a 46,XX karyotype, a female phenotype and a feeling of being male. 

 Gender dysphoria is characterized by suffering from a strong, persistent discom-
fort between the biological sex and the experienced expressed gender with signifi -
cant impairment in interpersonal, familial, social, professional and other important 
areas of functioning [ 3 ]. 

 Persons with gender dysphoria want to have the secondary sexual characteristics 
of the opposite sex. Transsexual identifi cation is permanently present. The disorder 
is not a part of some other disorder or disease.  

6.2     Etiology 

 Until now, the etiology of transsexualism has been unknown. There are some 
hypotheses (Table  6.1 ) and many scientifi c centers in the world are working on the 
discovery of an etiological cause of transsexualism.

   Gender identity is developed as a result of the interaction between the  developing 
brain and gonadal steroids from the 8th to 12th gestational week. Swaab    and 
Hofman [ 7 ] found a gender-specifi c difference between the volume of the supra-
chiasmatic nucleus and the nuclei striae terminalis. The latest studies from Prince 
Henry’s Institute in Australia implied a longer androgen receptor gene, leading to 
less effective circulating testosterone, undermasculinization and a brain more simi-
lar to a female brain in MFTs. This study was criticized by the fact that in some 
other disorders with changes in androgen receptors no similar changes in psychic 
gender were found. Trying to make a contribution to examining the etiology of 
transsexualism, our team provided data on fi nger lengths in transsexuals [ 8 ].  

6.3     Incidence 

 Since 1966, many studies have referred to the incidence of transsexualism. The ratio 
between MFTs and FMTs has varied, depending on surgeons’ willingness to per-
form the operation. Because male-to-female surgery is less complicated, there have 

  Table 6.1    Some etiological 
hypotheses of transsexualism  

 Effects of gonadal steroids on the hypothalamus during 
gonadal formation [ 4 ] 

 Disorders of androgen to estrogen conversion [ 5 ] 

 Receptor disorders 

 Aromatase changes [ 6 ] 
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been more MFTs. In countries with highly specialized surgeons, such as Serbia, the 
number of transsexuals has been the same (male-to-female and female-to-male) [ 9 ]. 
In Table  6.2 , the incidence of transsexualism is shown.

   In some studies, the number of patients was too small. In human biology the 
incidence of many disorders is the same in males and females and it would be dif-
fi cult to explain such a high difference in ratio, except with some technical details 
regarding the operations.  

6.4     Diagnosis 

 A team of three highly educated psychiatrists in the fi eld of sexual disorders confi rm 
the diagnosis after 1 year or more of follow-up. They have to exclude many psychi-
atric disorders such as transvestitism, homosexuality etc. After that the endocrinolo-
gist examines the patient, detects the karyotype and carries out hormonal analysis. It 
is necessary to take blood samples in MFTs for follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), prolactin, estradiol, progesterone, testosterone, SHBG, 17 
OH progesterone, free thyroxine, thyroid-stimulating hormone (TSH), and cortisol. 
In FMTs on day 7 of the menstrual cycle (for those younger than 30 years of age) 
blood samples are taken for FSH, LH, prolactin, estradiol, testosterone, androstene-
dione, dehydroepiandrosterone sulfate (DHEAS), 17 OH progesterone (to exclude 
congenital adrenal hyperplasia), fT4, TSH, cortisol and on day 21 progesterone is 
measured. According to these results endocrine diseases mimicking transsexualism 
can be excluded such as androgen-secreting tumors, congenital adrenal hyperplasia, 
pseudohermaphroditism of other different origins, and some other endocrine dis-
eases, such as thyroid and adrenal gland diseases. A complete internal examination 
and an ultrasound of the gonads (ovaries or testis) and breasts are obligatory. 

 After confi rming diagnosis from the endocrine point of view therapy regarding the 
characteristics of the opposite sex can be initiated. Sperm of MFTs can be frozen if desired 
and FMTs can store their follicles in case they want to have a biological child later on.  

6.5     Therapy 

 The aim of the therapy is to help a patient to look like a person they feel that they 
can depend upon to provide normal sexual function and work abilities, and to deter-
mine the dosage of the therapy individually.    

   Table 6.2    Incidence of transsexualism around the world   

 Author  Year  Country  Ratio MF:FM 

 Benjamin  1966  USA  6:1 

 Eklund  1988  Netherlands  3:1 

 Godienski  1988  Poland  1:5.5 

 Ross  1981  Australia  9:1 

 Garrels  2000  Germany  1.2:1 

 Vujovic  2009  Serbia  1:1 
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6.5.1     Male to Female Therapy 

 Before the operation and 6 months later oestradiol ampoules at 10 mg are given intra-
muscularly within a 7- to 10-day interval with ciproterone acetate (50 mg daily orally). 
Micronized progesterone is added 7 days a month (100 mg) after 6 months of therapy. 
From 6 months after the operation estroprogestagen therapy is initiated orally and it is 
necessary to continue throughout life. Ciproterone acetate is reduced to 25 mg, 
according to hirsutism status. The effects of estrogen, progestogen and antiandrogen 
therapy on body shape is shown in Table  6.3 . There are many reasons for adding pro-
gesterone (Table  6.4 ).

6.5.2         Therapy for FM Transsexuals 

 Testosterone ampoules are initiated in a dose of 250 mg every 2 weeks. It is safer 
than the oral route because it is lifelong therapy. Testosterone can also be advised in 
the form of transdermal and sublingual implants. Alkalizing forms are contraindi-
cated. Dihydrotestosterone gel (non-aromatizable to estradiol) is advised for local 
treatment on the clitoris (Table     6.5 ). After 12 months of therapy the expert team of 
psychiatrist, endocrinologist and surgeon gives a fi nal conclusion and suggestion 
regarding the operation. Later on, transsexuals have twice-yearly endocrinological 
checkups. Our team follows up transsexuals for 20 years.

   There was an equal number of MFTs and FMTs. FMTs were not smaller than 
control women, which is consistent with other studies [ 10 ,  11 ]. Males were 12 cm 
taller on average. Mostly, they fi nished secondary school. By profession MFTs are 

   Table 6.3    Changes in symptoms and signs during therapy for male to female transsexuals (MFTs)   

 Month  Symptoms and signs 

 1  Breast enlargement, areola pigmentation, higher pitch voice 

 3  Loss of erection and ejaculation, softer skin, strength decrease, more sensitive, loss of 
typical male libido 

 6  Sex hair loss, changes in waist to hip ratio 

 12  Signifi cant reduction of sex hair, more prominent female sex characteristics 

  Table 6.4    Progesterone 
effects in MFTs  

 Decreases the number of estradiol receptors 

 Higher affi nity for androgens receptors 

 Stimulates 17 beta dehydrogenase (conversion of estradiol to 
estrone) 

 Antimineralocorticoid effects 

 Sedative and anxiolytic effect 

 Stops spermatogenesis at the level of spermatogonia 

 Seminal tubule atrophy 

 Decreases Leydig cell number 
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usually models, musicians, dancers, or waiters, while FMTs may be want to be 
hairdressers. Their mother’s average age was 20–25 years and their father’s 26–30 
years. Mothers were mostly housewives and fathers were soldiers or policemen. 
In our group 12 MFTs and 18 % FMTs refused the operation. Of all of them, 16.6 % 
of MFTs and 16.4 % FMTs were married.  

6.5.3     Possible Unwanted Effects of Therapy 

 In the literature unwanted effects of hormone therapy have been described in cases 
in which dosages were higher or in which it was given to patients who had previ-
ously had other diseases for which hormone therapy was contraindicated, such as 
liver or renal insuffi ciency, thromboembolism, undiagnosed bleeding, carcinomas, 
porphyria, pregnancy, meningioma etc. Sometimes, wanting to obtain a typical 
characteristic of the opposite sex, patients multiply the doses themselves for a lon-
ger period. In the world of endocrinology the most important thing is to achieve the 
appropriate dosage of hormone therapy (Table  6.6 ).

        Conclusion 
 Special expert gender teams have to be formed throughout the world in order to 
help transsexuals to have much better quality of life.     
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  7      How to Choose the Right Contraceptive 
Method for the Right Woman 

                Johannes     Bitzer     

7.1           Introduction 

    Contraceptive counseling and care are one of the mainstays of ambulatory women’s 
health care. Prescribing the pill seems to be a very easy and simple procedure and 
not worth of further mentioning. Looking closer, it becomes however evident that 
there are some indicators that point to the fact that there is still room for 
amelioration:

•    A persistent rather high prevalence of unwanted pregnancies [ 1 – 6 ]  
•   Some rare but severe complications in young healthy women [ 7 – 14 ]  
•   Frequent complaints about side effects with subsequent discontinuation and risk 

of unwanted pregnancy [ 15 – 18 ]    

 It seems therefore justifi ed to look at the contraceptive decision-making process 
from a total quality management point of view, which includes a concept of quality- 
related outcome objectives [ 19 – 21 ]. Contraceptive counseling should thus [ 22 ,  23 ]:

•    Maximize contraceptive effi ciency  
•   Minimize health risk  
•   Optimize tolerability  
•   Realize additional health benefi ts  
•   Avoid unnecessary costs     
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7.2    The Contraceptive Triangle 

 To reach these objectives the medical professional needs to work with what we have 
called the contraceptive triangle. By this we mean the interaction of three entities: 
 method variables ,  patient variables , and  situation variables  [ 22 – 25 ] (Fig.  7.1 ).

   The science and art in contraceptive counseling and care consists in providing a 
perfect fi t between these three interacting groups of variables. 

7.2.1    Method Variables 

•     Objective characteristics derived from experimental data: pharmacodynamic 
properties, pharmacokinetics, way of application, interactions with other drugs, 
and metabolizing enzymes  

•   Probability characteristics derived from statistical data: Pearl index (Life Table 
Analysis), health risks, health benefi ts, and side effects     

7.2.2    Patient Variables 

•     Subjective characteristics: individual preferences, values, and family planning 
objectives  

•   Biopsychosocial profi le:
 –    Biomedical characteristics: diseases and drugs (personal history), age, weight, 

blood pressure, and genetic outfi t  
 –   Psychosocial characteristics: education and professional situation        

7.2.3    Situation Variables 

•     Phase of life  
•   Relationship characteristics      

  Fig. 7.1    The    contraceptive 
triangle       
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7.3     Contraceptive Counseling and Care as an Interactive, 
Structured Process 

 A structured process is best suited to provide the optimal interaction of these vari-
ables. This process follows basic bioethical principles [ 26 ]:

•    Respect of autonomy. This means in contraceptive counseling that the objectives 
and values of the patient (client) are respected.  

•   Nonmalefi cence. Do not harm means that she or he is effectively protected 
against unwanted pregnancies and that health risks and negative side effects are 
minimized.  

•   Benefi cence. This principle means that the health and well-being of the patient is 
promoted and cared for.  

•   Justice. All patients (clients) should have the same access to contraceptive infor-
mation and care.    

7.3.1     Step 1: Assess the Woman’s Expectations and Preferences 
( Respect of Autonomy ) 

 In the fi rst step the professional should assess  the individual woman’s expectations , 
 objectives , and  preferences . This corresponds to the ethical principle of respect of 
autonomy. 

 Women may have very different objectives and values. The following are some 
examples:
  Objectives 

•    Absolute need to prevent pregnancy in the context of life situation   
•    Pregnancy not absolutely unwanted but not now   
•    Spacing pregnancies   
•    Family planning fulfi lled, no more children   
•    Etc.    

  Values and needs 

•    Natural method   
•    Easy to use   
•    Independent of partner   
•    Involvement of partner   
•    Safety high priority   
•    Fear of health risks   
•    Etc.     

 The information obtained in this part of the interview is important for step 4a in 
the decision-making process.  
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7.3.2     Step 2: Assess the Woman’s Biopsychosocial Profile 
and Life Situation (Objective Patient and Situation 
Variables) 

 We differentiate between fi ndings (objective facts), risks (probabilities), and condi-
tions (elements of quality of life) [ 22 – 25 ]. 

7.3.2.1    Biomedical Dimension 
•      Findings  (age, BMI, blood pressure)  
•    Risks  (cardiovascular risks, neoplastic risks, metabolic risks, STI risks, bone risks)  
•    Conditions  (hyperandrogenemic signs, dysmenorrhea, mastalgia, PMS, PMDD, etc.)    

 These data are assessed through a careful clinical history and examination. 
Findings and risks are important for step 4 (see below) in the structured process. 
Information about preexisting physical complaints and elements of quality of life 
are signifi cant for step 5 (see below).  

7.3.2.2    Psychological Dimension 
•      Findings  (depression, anxiety, drug abuse)  
•    Risks  (behavioral risks, STI risks)  
•    Conditions  (somatoform disorder, sexual dysfunction)    

 The psychosocial history, the open interview, and the assessment of present com-
plaints provide this information. Of special importance are the behavioral character-
istics and preexisting emotional problems for step 4 and step 5 (see below).  

7.3.2.3    Social Dimension 
•      Findings  (socioeconomic status, education)  
•    Risks  (cultural restrictions, dependence, migration)  
•    Conditions  (stress, relationship issues)    

 Especially the sociocultural background and the present relationship characteris-
tics are important elements of this part of the clinical interview, and they have an 
impact on step 4 (see below).   

7.3.3     Step 3: Educate Women About Methods 
with Understandable Risk/Benefit Information Based 
on EBM Results (Method Variables) (Beneficence) 

    This step should empower women and help them to make informed choices. It is 
thus part of benefi cence duty of the professional. 

 Women should be informed about the methods in a way that responds to two demands:

    (a)     The information should be based on the latest scientifi c evidence.   
   (b)      The information should be given in didactic, understandable way and adapted to 

the individual needs of the patient.     
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 The fi rst request is quite easily feasible; the second is much more diffi cult. Some 
general guidelines of information giving are as follows:

   Elicit preexisting knowledge and questions.  
  Provide clear and simple information:

•    Give information in small units.  
•   Encourage questions.  
•   Summarize and repeat.     

  Elicit the understanding and the meaning given by the patient.    
 The issues and questions concerning the information exchange    are as follows. 

7.3.3.1     How Effective is Method x, y, and z to Prevent an Unwanted 
Pregnancy? 

 This question can be answered by a visual aid showing the effi ciency of the methods 
if used by 100 women for 1 year. 

 The typical information to be given refers to the lowest expected percentage of 
women with a pregnancy during the fi rst year of use [ 6 ,  15 ]. 

  Highly effective methods: 

   Combination pill 0.1 %, progestin only 0.5 %, IUD copper T380A 0.6 %, levonorg-
estrel IUD 0.1 %, implant 0.1 %, injectable 0.3 %, female sterilization 0.2 %, and 
male sterilization 0.1 %    

  Medium effective methods: 

   Male condom 3 %, ovulation method 3 %, symptothermal 2 %, and post 
ovulation 1 %    

  Methods with low effectiveness: 

   Withdrawal 4 %, spermicides 6 %, diaphragm and spermicides 6 %, calendar 9 %, 
and cervical cap (parous women 20 %, nulliparous 9 %)     

7.3.3.2     How Much is the Effectiveness Dependent 
on Proper Use? 

 The discussion of this issue points to the discrepancy between theoretical and typi-
cal Pearl index and allows a classifi cation with respect to the necessary compliance 
and discipline [ 6 ,  15 ]. 

  Methods with high demand on compliance: 

   Combination pill (lowest expected rate 0.1 % versus typical use rate 5–7.6 %)  
  Condom (lowest expected 3 % versus typical use rate 10–14 %)    

7 How to Choose the Right Contraceptive Method for the Right Woman



60

  Methods with low demand on compliance: 

   IUDs (lowest expected rate 0.1–0.6 % versus typical use rate 0.1–0.8 %)  
  Implants (lowest expected rate 0.2 % versus typical use rate 0.2 %)     

7.3.3.3    What are the Health Risks of the Method? 
 This is a crucial part of the information exchange process. It is important to give a 
risk background and to describe risks in absolute numbers or give some points of 
reference [ 15 ,  23 ,  27 ]. 

  High risk: between >1 and 1 in 100 

   For example: Gastrointestinal side effects of antibiotics 10 in 100; risk of pregnancy 
while using spermicides 6 in 100    

  Moderate risk: between 1 in 100 and 1 in 1,000 

   For example: Death due to smoking 10 cigarettes/day: 5 in 1,000  
  Having a baby with Down syndrome at age 35 years: 5 in 1,000    

  Low risk: between 1 in 1,000 and 1 in 10,000 

   For example: Venous thromboembolism attributable to COC: 3 to 6 in 10,000  
  Death due to car accident: 12 in 10,000  
  Diagnosis of breast cancer under 45 years possibly attributable to current OC use: 

8 in 10,000    

  Very low risk: between 1:10,000 and 1:100,000 

   For example: Death due to soccer playing: 4 in 100,000  
  Risk of death from all causes in OC users: 1 in 100,000    

 After the general understanding of risk, the patient should be informed about the 
typical risks or the methods [ 15 ,  24 ,  27 – 34 ]. 

  Combined OCs: 

•    Venous thromboembolic disease, myocardial infarction, and stroke – very low 
absolute risk (1 case in 10,000 users down to 3 in 100,000 users)  

•   Breast cancer and cervical neoplasia – very low absolute risk    

  Progestogen only: 

•    No or very low health risk    
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  IUDs copper: 

•    Perforation, PID, and ectopic pregnancy – low to very low risk    

  Levonorgestrel IUS: 

•    Perforation, PID, and ectopic pregnancy – low to very low risk     

7.3.3.4     What are the Factors that Influence the Health Risks 
(Increase or Decrease)? 

 This information helps the patient to understand her personal nonmodifi able and 
modifi able risks. She can learn about the impact of a healthy lifestyle on her indi-
vidual risk during the use of different contraceptives [ 15 ,  27 ,  35 ,  36 ].

•    Reduce cardiovascular risks by controlling weight, exercising, stopping smok-
ing, and lowering cholesterol.  

•   Reduce risk of STI, PID, and CIN by using condom and avoiding sex with 
“risky” partners or under risk conditions (alcohol, drugs, etc.).     

7.3.3.5     What are the Possible Noncontraceptive Health Benefits 
of the Method? 

 It is important to give not only information about risks but also about possible non-
contraceptive health benefi ts of the methods. 

 For example, condoms diminish considerably the risk to acquire a sexually trans-
mitted disease (for HIV with consistent use at about 97 %, against HSV highly 
effective, against HPV not very effective) [ 37 ]. 

 For example, OC benefi ts are less endometrial cancer, less ovarian cancer, fewer 
ectopic pregnancies, more regular menses (less fl ow, less dysmenorrheal, less ane-
mia), less salpingitis, increased bone density, probably less endometriosis, possibly 
less benign breast disease, possibly less rheumatoid arthritis, possibly protection 
against atherosclerosis, possibly fewer fi broids, and possibly fewer ovarian cysts 
[ 15 ,  38 ]. 

 For example, levonorgestrel IUD reduces blood loss in hypermenorrhea,  possibly 
diminishes fi broma size, and may protect against PID [ 34 ].  

7.3.3.6     What are the Most Frequent Possible Negative 
and Positive Side Effects Having an Impact on the Quality 
of Life? 

 It is important to comment on possible negative and positive side effects at the same 
time. Many of the effects observed by the patient are very individual and cannot be 
predicted. Mentioning possible negative effects is important to avoid unnecessary 
anxiety, disappointment, and insecurity. 
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   Hormonal Contraception 

  For example: combined OCs 

   The most important possible negative side effects which should be discussed 
 including information about their frequency are changes in bleeding pattern (fre-
quent), breast tension (sometimes), headache (rare), mood swings (rare), and 
skin changes (rare).  

  The most important possible positive side effects (health benefi ts) are diminution of 
dysmenorrhea (frequent), diminution of blood loss (frequent), and amelioration 
of acne (frequent) [ 15 ,  24 ,  27 ,  38 ].    

  For example: progestogen implant 

   The most important negative side effect is the occurrence of bleeding disorders. 
Positive side effects are in some women the establishment of a stable amenorrhea 
(if desired) and the decreased necessity of regular intake or compliance (see above).    

  For example: levonorgestrel intrauterine system 

   The most important possible side effect is irregular bleeding during the fi rst months; 
much rarer are systemic side effects like depressed mood or acne. Even more 
seldom are functional ovarian cysts.  

  Positive possible side effects are induced hypomenorrhea and amenorrhea if desired 
by the woman [ 34 ].     

   Nonhormonal Contraception 

  For example: copper IUD 

   The most frequent side effects are hypermenorrhea and pain with a 15 % rate of 
removal due to bleeding and pain [ 15 ]. There are special positive side effects.  

  For example: condom and diaphragm  
  The most important side effect is the possible negative impact on sexual spontaneity 

and sexual interaction (condom) and an increased incidence of UTI 
(diaphragm).      

7.3.3.7     When Do They Occur, for How Long Do They Typically Last, 
and What Medical Significance Do They Have? 

 Patients should be informed about the probable duration of side effects, whether 
these subside after the fi rst months and whether or not patients must expect a recur-
rence. This time frame gives patients more control about the treatment and increases 
compliance. 
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  For example: OCs and progestogen-only contraception 

   Intermenstrual bleeding and spotting occurs typically during the fi rst months of 
treatment and disappears afterwards. These bleeding abnormalities do not have a 
pathologic signifi cance.      

7.3.4     Step 4: Shared Decision Making About Contraceptive 
Method 

 The medical professional can now enter into what is called shared decision making 
about the contraceptive method to be used by the individual patient. With respect to 
informed consent and shared decision making, we can distinguish four typical clini-
cal situations:

    1.    Low risk with 1 therapeutic option = simple consent   
   2.    Low risk with several therapeutic options = simple consent and shared decision 

making   
   3.    High risk with 1 therapeutic option = informed consent   
   4.    High risk with several therapeutic options = informed consent and shared deci-

sion making     

 Contraceptive counseling corresponds mainly to situation 2 and sometimes to 
situation 4. The shared decision-making process in contraception comprises two 
steps of exclusion of methods, one step of search for additional benefi t and a fi nal 
step of personal choice. 

7.3.4.1     Step 4a: Exclusion of Methods Not Matching Patient’s 
Expectations and Preferences (Respect of Autonomy) 

 In this step the patient has the lead. The values, past experiences, and health beliefs 
expressed during step 1 of the interview exclude some methods (Fig.  7.2 ).

    For example, some patients do not want to take any hormonal contraceptive. It is 
of course important to discuss the background of this attitude or judgment, but it is 
important to show an a priori respect for this position and after information 
exchange in case of persisting wishes of the patient to accept her exclusions .  

7.3.4.2     Step 4b: Exclusion of Methods with Respect to Major 
Somatic and Psychosocial Health Risks (Nonmaleficence) 

 By combining the results of the biopsychosocial profi le of the patient (step 2) with 
the EBM-based characteristics of the methods (step 3), the medical professional can 
contribute his or her knowledge and experience [ 28 ,  29 ,  39 – 44 ] to exclude methods 
which should not be used because:

    A.    There is an unacceptable health risk.   
   B.    The theoretical or proven risks usually outweigh the advantages (Fig.  7.3 ).
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        Example A : Identifi ed clotting abnormality of any kind; any past proven arterial 
or venous thrombosis excludes combined oral contraceptives. 

  Example B : Family history of parent or sibling <45 with thromboembolic disease 
with recognized precipitating factor would  under usual circumstances  exclude 
combined OCs, and personal history of high-risk sexual and addictive behavior 
would under usual circumstances exclude oral hormonal contraception. 

  Fig. 7.2    Shared decision making about contraceptive method – women’s expectations and preferences       

  Fig. 7.3    Shared decision making – exclusion of methods with respect to major somatic and psy-
chosocial health risks       
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 Conditions which correspond to the description A are called absolute contraindi-
cations in older terminology and now are categorized by WHO as category 4 [ 28 ], 
meaning that the method should never be used in a patient with this diagnosis. 

 Condition B is much more directing towards the importance of the clinical judg-
ment of the family planning professional. If, for example, the individual preference 
or value system of the patient would exclude medically safer methods (e.g., the IUD 
mentioned in the above example), then it is important for the clinician to negotiate 
with the patient and make the decision-making process transparent by visualizing 
the pros and cons and their respective weight [ 28 ].  

7.3.4.3     Step 4c: Evaluation of Methods with Additional Health 
Benefits or in Case of Side Effects with the Actually Used 
Method Search for Alternatives (Beneficence) 

  After the two steps of exclusion,  the information about relevant health conditions of 
the patient (step 2) is used to positively select methods that can contribute to an 
amelioration of clinical conditions and quality of life. 

    This is either in the case of, fi rst, the active use of knowledge about  additional 
health benefi ts (a)  or, in the case of side effects with the present method, the use  of 
knowledge about side effect specifi c characteristics of methods (b)  [ 15 ,  34 ,  38 ,  45 – 49 ] 
(Fig.  7.4 ).

    Example A: Skin problems respond positively to OCs, but especially to combined 
OCs with a progestogen having antiandrogenic properties.  

  PMS-like symptoms seem to correspond well to a drospirenone-containing 
preparation.  

  Preexisting cycle irregularities seem to respond well to vaginal hormonal 
contraception.  

  Fig. 7.4    Shared decision making – positive selection of methods with additional health benefi ts 
and QoL impact       
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  Example B: Nausea, headache, and breast tension under combined OC would 
request the change to a less estrogen dominant OC or progestogen-only 
contraception.  

  Bleeding irregularities under progestogen-only or low-dose combined OCs can 
be resolved by changing to higher dosage of EE or the vaginal contraceptive ring.  

  Lack of sexual desire while using OCs could be due to the SHBG increase and 
androgen decrease. Changing to an OC with less SHBG increase and possibly a 
progestogen with androgenic properties would then be helpful.   

7.3.4.4    Step 4d: Personal Choice of the Contraceptive Method 
 Having gone together through these steps mentioned before, the medical profes-
sional and the patient will come to a shared decision about the contraceptive method 
to be used. 

 This structured process seems in our opinion to be the best precondition to reach 
the optimal outcomes described above.   

7.3.5     Step 5: Evaluation of the Outcome and Ongoing 
Adaptation of Choices 

 Each follow-up consultation serves the purpose to evaluate whether the abovemen-
tioned objectives have been reached or whether there is room or necessity for ame-
lioration and change.   

7.4    Summary 

 The objectives of contraceptive counseling are to maximize contraceptive effi -
ciency, minimize health risk, optimize tolerability, realize additional health benefi ts, 
and avoid unnecessary costs. 

 To reach these outcomes, contraceptive counseling and care has to be provided 
in an interactive, structured way following fi ve steps which integrate patient- 
centered communication to assess patient’s aims and values, biopsychosocial com-
petence to determine the patient profi le, professional patient education about 
methods, principles of shared decision making to choose the optimal method for the 
individual patient, and continuous evaluation to assess whether the objectives of 
contraceptive counseling and care for the individual patient have been reached.     
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  8      Hormonal Contraceptives: 
Progestogen and Thrombotic Risk 

                Adolf     E.     Schindler     

8.1            Introduction 

 The various types of hormonal contraceptives have proven to be very effective 
modes of contraception [ 1 ]. However, the additional effects of hormonal 
 contraceptives vary, and this is also true for thrombotic events that occur with the 
use of hormone replacement therapy (HRT). 

 As progestogens are to be considered with regard to thrombotic events, it has to 
be taken into account that the progestogenic steroids have the progestogenic effect 
in common, including the conversion of the  endometrium   into a secretory state, 
which prevents abnormal estrogen stimulation of the endometrium and in this way 
prevents abnormal endometrial hyperplastic changes, and last but not least, 
  endometrial cancer   [ 2 ]. Progestogenic action is also mandatory for proper secretory 
changes of the endometrium for implantation. If this occurs, further changes of the 
endometrium into  decidualization   take place and the  blood fl ow   to the uterus 
increases with  trophoblastic invasion   and proper development of the spinal 
 arteries  . 

 In addition, various progestogens have other different partial biological effects 
that are of clinical relevance. This is also true with regard to thrombosis incidence. 
Therefore, the  partial biological effect pattern   is different for the different 
 progestogens and this is of utmost clinical relevance, if thrombotic events are taken 
into consideration [ 3 ]. 

 Therefore, one can conclude that progestogens are not the same, based upon 
 differences in structure, differences in the partial effect pattern (action profi le) and 
differences in organ effects. 
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 Unfortunately, there is still a lot of confusion, even in well-known international 
journals such as  Climacteric , where the title of an article talks about progesterone, 
but in the text only studies on medroxyprogesterone acetate (MPA) were reported. 
Indeed, MPA does have a vasoconstrictive effect on the arterial vessels – in this case 
the ophthalmic artery and retinal artery – while progesterone, in contrast, widens 
the arterial vessels and lowers the blood pressure, which was particularly well dem-
onstrated in pregnant women with preeclampsia [ 4 ]. Nowadays, this can be clearly 
demonstrated and quantifi ed by Doppler ultrasound measurements [ 5 ,  6 ]. Indeed, 
with the rise of the circulating progesterone in the corpus luteum phase, the blood 
fl ow to the uterus and the ovaries increases and if pregnancy occurs, the blood fl ow, 
which is common for all progestogens, increases. If no conception and implantation 
occur, the blood fl ow decreases. 

 The following partial effects – besides the progestogenic effect – are present for 
each progestogen in a particular way, which was alluded to more than 10 years ago 
[ 3 ]. Thus, each progestogen is associated with a particular partial effect pattern. 
The following partial effects should be considered:  androgenic  ,  antiandrogenic  , 
 estrogenic  ,  antiestrogenic  ,  glucocorticoid   and  antimineralocorticoid  . 

 How do these partial effect patterns of the progestogens determine the different 
thrombotic risks of estrogen/progestogen combinations (COCs), oral, vaginal and trans-
dermal, as well as in HRT? Answering this question will be the aim of this chapter.  

8.2     Hemostasis   and Thrombotic Events 

 The hemostatic system comprises  coagulation   and  fi brinolysis   
 Normally, this system is in balance [ 7 ]. It consists of procoagulation, anticoagu-

lation as well as profi brinolysis and antifi brinolysis. There can be venous and 
 arterial thrombotic events. Afterwards, we focus on venous thrombosis. This is an 
essential risk factor for using a premenopause estrogen/progestogen combination, 
but also in postmenopausal HRT (oral, vaginal, transdermal). Risk factors for 
thrombosis are listed in Table  8.1 .

8.3       The Risk of Venous Thrombosis, When Taking COCs 

 It has been known since the 1960s that oral estrogen/progestogen combinations are 
associated with an elevated risk of venous thrombosis. At fi rst, the thrombotic risk 
was related to the type and dose of the estrogen component. In the 1990s the debate 
started that different progestogens are associated with different thrombotic risks. In 
general, the thrombotic risk is double compared with women of a similar age group 
who are not taking the pill. The number of events is highest in the fi rst year and 
levels off over time. Therefore, the so-called pill pause is dangerous, as with each 
restart of the pill the thrombotic risk shoots up in the fi rst year [ 8 ]. 

 The frequency of venous thrombosis is as follows:

    1.    Non-user of COCs have a risk of 4–5/10,000 women years   
   2.    COC users have a risk of 9–10/10,000 women years   
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   3.    Pregnant women have a risk of 29/10,000 women years   
   4.    Postpartum women have a risk of 300–400/10,000 women years [ 9 ]     

 Overall, the risk of venous thrombosis in users of a low estrogen dose (<50 μg 
ethinyl estradiol [EE]) COCs is two- to threefold higher than for non-users of COCs. 
Thrombotic risk is modifi ed using COCs or HRT by the type and dose of the estro-
gen (EE, estradiol [E2], estradiol valerate [E2V]) and by the progestogen used, 
depending on the partial effect pattern of each progestogen. Extensive comparative 
studies with 35 versus 50 μg EE [ 7 ] or 20 versus 30 μg EE have been carried out, 
demonstrating the changes in the parameters of hemostasis depending on the EE 
dose [ 10 ]. 

 Hormone replacement therapy can increase the thrombotic risk by up to three 
times depending on the estrogen/progestogen combination used and other risk fac-
tors such as changes in body composition (particularly an increase in visceral adi-
pose tissue), pro-atherogenic changes in  lipid metabolism  , worsening of the 
imbalance in carbohydrate metabolism and the increasing risk of climacteric women 
of developing a  metabolic syndrome   [ 11 ].  

8.4     Mode of Action of Progestogens in Combination 
with Estrogens (Pill, HRT) 

 The extent of the progestogens used on the hemostatic system is dependent on the 
extent of the modifi cation of the total estrogen effect on the body – mainly the liver. 
There can be an increase or decrease in liver protein synthesis by the action of pro-
gestogen, which is refl ected by the levels of sex hormone-binding globulin (SHBG), 
corticosteroid-binding globulin (CBG) and thyroxine-binding globulin (TBG). 

   Table 8.1    Risk factors 
for thrombosis   

  1. Increasing age 

  2. Increasing body weight 

  3. Pregnancy/post partum 

  4.  Hormonal contraceptive pill as estrogen/progestogen 
combination 

    (a) Type of estrogen (EE, E2, E2V) 

    (b) Estrogen dose 

    (c) Type of progestogen in combination with an estrogen 

    (d) Dose of progestogen 

    (e) Length of use 

    (f) Type of application (oral, vaginal, transdermal) 

  5.  Hormone replacement therapy (HRT) as estrogen/
progestogen combination listed as above for a, b, c, d, e, f 

  6. Genetic predisposition 

  7. Family/personal history of thrombosis 

  8. Immobility (operation, accident) 

  9. Long distance air travel 

 10. Smoking 
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 Indeed, SHBG levels using different EE/progestogen combinations vary when 
comparing the various COC preparations. In addition to the overall increase in 
SHBG there are differences in the extent of SHBG level elevation: ethinyl estradiol/
cyproterone acetate (EE/CPA) is associated with a higher SHBG level than estra-
diol/drospirenone (EE/DRSP) and lower estradiol/desogestrel (EE/DSG) [ 12 ]. 

 Progestogens induce through their different partial effect patterns (androgenic, 
antiandrogenic, estrogenic, antiestrogenic, glucocorticoid and antimineralocorti-
coid) the estrogen action of the estrogen used (EE, E2, E2V) regarding the produc-
tion of proteins of the hemostatic system. 

 In addition, there are other risk factors such as genetically induced changes in the 
hemostasis inhibitors ( antithrombin III  ,  protein C   and  protein S  ) or a hereditary 
resistance of  factor V Leiden    against activated protein C (APC resistance). 

 Progestogens with a partial glucocorticoid effect (i.e. MPA, CPA) regulate the 
 thrombin receptor   and stimulate the procoagulatory activity at the vessel wall [ 13 ]. 
Stimulatory progestogens are MPA, CPA, gestodene, 3-ketodesogestrel and 
DRSP. This is not the case with levonorgestrel (LNG). These events only occur 
when these progestogens are used together with an estrogen (EE, E2, E2Val). COCs 
containing DSG or gestodene (third-generation progestogens) increase the risk of 
thrombosis by 70 % compared with COCs with LNG (second-generation progesto-
gen) [ 14 ]. The elevated risk of gestodene- and DSG-containing COCs is associated 
with a higher SHBG concentration (increased liver protein synthesis) than LNG- 
containing COCs [ 15 ]. This was brought up again in 2009 with two articles pub-
lished in the  BMJ  [ 8 ,  16 ]. These articles reported on the results of two retrospective 
epidemiological studies that assessed the risk of thrombosis using hormonal contra-
ceptives. These studies suggested that COCs were associated with a differential risk 
of thrombosis caused by their progestogenic components. The risk of thrombosis 
was reportedly lower in women with LNG-containing COCs versus the so-called 
third-generation COCs and COCs containing DRSP [ 8 ,  16 ]. This was further 

   Table 8.2    Comparison of indices of venous thrombosis in drospirenone (DRSP)- or levonorg-
estrel (LNG)-containing estrogen/progestogen combinations (COCs) per 100,   000 years   

 Australian study [ 17 ]  American study [ 18 ] 

 Drospirenone     23.0; 95 % CI 13.4–36.9  30.8; 95 % CI 26.6–26.8 

 Levonorgestrel  9.1; 95 % CI 6.6–12.2  12.5; 95 % CI 9.6–15.9 

 Incidence ratio  2.7; 95 % CI 1.5–4.7  2.8; 95 % CI 2.1–3.8 

  Table 8.3    Thrombotic risk 
with COCs with different 
progestogens compared with 
COCs containing LNG  

 Progestogen  Relative risk 

 Levonorgestrel  1.00 

 Norethisterone  0.98 

 Norgestimate  1.19 

 Desogestrel  1.82 

 Gestodene  1.86 

 Drospirenone  1.64 

 Cyproterone acetate  1.88 
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substantiated by the Australian study by Parkin et al. [ 17 ] and by the American 
study by Jick and Hernandez [ 18 ], as shown in Table  8.2 .

   The safest COCs with regard to thrombosis are those with LNG, norethisterone 
and norgestimate [ 19 ,  20 ]. Out of all this, it was recommended that women start 
COC use with pills containing 20 μg EE combined with norethisterone or LNG or 
norgestimate [ 21 ]. 

 Data on the thrombotic risk of COCs using EE and various progestogens clearly 
indicate that progestogens with a more prominent androgenic partial effect pattern 
are more likely not to be burdened with an elevated thrombotic risk (Table  8.3 ).

   Thrombotic risk is dependent upon the partial androgenic effect of the progesto-
gen, which counteracts the protein synthesis in the liver by EE or E2/E2Val. This is 
refl ected in a more subtle increase in SHBG that means decreased protein synthesis 
and therefore decreased activation of the hemostatic system. Indeed, treatment with 
tibolone, with the androgenic action of its metabolites, was found to induce a sub-
stantial risk reduction of venous thrombosis of 0.27 [ 22 ]. 

 In addition to the reduction in protein synthesis (see SHBG) progestogens with 
an androgenic partial effect pattern are of importance for this favorable action on the 
hemostasis of COCs, but also of HRT by reduction of fi brinolytic inhibition by 
PAI-1 and Lp(a) [ 23 ]. 

 Changing not only the dose of the estrogens but also the estrogen component in 
COCs or HRT reduces the risk of thrombosis. It could be demonstrated that when 
combining E2Val with dienogest (DNG) or DRSP the risk of thrombosis is similar 
or even lower than with LNG COCs such as Microgynon® [ 24 ]. A recent thorough 
evaluation concluded that the non-oral route of EE administration seems to be more 
thrombogenic than the oral route [ 25 ]. In contrast, low-dose oral progestogen-only 
contraceptives (POPs) as well as LNG IUS appear to be safe with regard to risk of 
thrombosis. Overall, newer progestogen formulations of estrogen/progestogen 
combination contraceptives in addition to non-oral COCs seem to be more throm-
bogenic than the second-generation COCs. 

 A similar  risk pattern   seems to prevail with HRT. There is a relationship with the 
progestogen used. The relative risk (RR) of HRT with MPA was 2.67; 95 % CI 
2.25–3.17, while HRT with other progestogens had an RR of 1.91; 95 % CI 1.67–
2.1. This difference is statistically highly signifi cant ( p  < 0.0007; Table  8.4 ) [ 26 ].

   In contrast, progesterone and dydrogesterone appear not to increase the RR in 
combination with estradiol (E2) in postmenopausal women [ 27 ]. As shown by 
Lideguard et al. [ 8 ] progestogen-only contraceptives do not increase the risk of 
thrombosis: LNG/NET RR 0.59, DSG RR 1.12, LNG-IUS RR 0.90 [ 25 ].  

   Table 8.4    Ratio between thrombosis and HRT used over 5 years according to Sweet et al. [ 26 ]   

 Type of treatment  Thrombotic risk 

 No medication  1:650 

 Oral estrogen alone  1:475 

 Estradiol/progestogen combination (norethisterone, norgestrel)  1:390 

 Estrogen/progestogen combination (MPA)  1:250 

   MPA  medroxyprogesterone acetate  
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   Conclusion 
 Estrogen/progestogen combinations carry a higher risk of venous thrombosis. 
This depends on the type of estrogen (EE, E2, E2V) and the daily dose. At  present 
EE as low as 20 μg/day or replacement with E2 or E2V appear to be mandatory 
in signifi cantly reducing the risk of venous thrombosis independently of other 
venous thrombosis risk factors. It also depends on the type of the progestogen 
used. COCs with progestogens with a partial androgenic effect carry a lower or 
no thrombotic risk. The second-generation progestogen LNG, in combination 
with estrogens, has a potentially lower risk of thrombosis than third-generation 
progestogens (DSG, gestodene, DRSP) or antiandrogenic progestogens such as 
CPA. Non-oral routes of COCs with EE seem to be more thrombogenic. 
   Progestogen-only pills and LNG- IUS are not associated with risk of thrombosis. 
The common denominator appears to be the effect on liver protein synthesis as 
expression of the partial androgenic effect pattern, as expressed for instance by 
SHBG and profi brinolytic activity.     
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