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 The evaluation of menstrual disorders in 
 adolescents requires special consideration. 
Adolescents are in the midst of developing 
physically and physiologically to achieve adult 
reproductive function. Thus, the normal varia-
tion in the age of onset of puberty and subse-

quent menarche should be taken into account 
when evaluating adolescent girls. Menarche 
will be delayed if puberty is delayed in onset. 
The average age of menarche is 12.6 years in 
the normal-weight general American popula-
tion, with the normal range being 11.0-
14.1 years  [  1  ] . It occurs approximately 0.5 year 
earlier in overweight girls and in non-Hispanic 
Black girls, with Mexican-American girls being 
intermediate. In addition, because of immatu-
rity of the hypothalamic–pituitary–ovarian axis, 
about half of menstrual cycles are anovulatory 
or have attenuated ovulation during the  fi rst 
2 years after menarche  [  2–  4  ] . This “physiologic 
adolescent anovulation” accounts for the greater 
menstrual irregularity and longer average inter-
menstrual length in the early post-menarcheal 
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  Abstract 

 The evaluation of menstrual disorders in adolescents requires special 
 consideration. Adolescents are in the midst of developing physically and 
physiologically to achieve adult reproductive function. Thus, the normal 
variation in the age of onset of puberty and subsequent menarche should 
be taken into account when evaluating adolescent girls. Menarche will be 
delayed if puberty is delayed in onset.  

  Keywords 

 Delayed puberty  •  Amenorrhea  •  Anovulation  •  Hyperandrogenism  
•  Polycystic ovary syndrome      

      Menstrual Disorders 
and Hyperandrogenism 
in Adolescence       

     Sara   A.   DiVall        and    Robert   L.   Rosen fi eld        



442 S.A. DiVall and R.L. Rosen fi eld

years than in adults (Fig.  25.1  )   [  5  ] . However, 
about half of these seemingly  “anovulatory” 
menstrual cycles are of normal length by adult 
standards, so menstrual regularity is greater 
than ovulatory frequency would suggest. In 
contrast, menstrual irregularity always indicates 
ovulatory irregularity.  

 The menstrual disorders that should concern 
endocrinologists are  primary amenorrhea  (fail-
ure of menses to begin at a normal age), 
  secondary amenorrhea  (cessation of menstrual 
periods for 90 days or more after initially 
 menstruating), o ligomenorrhea  (less than eight 
menstrual periods a year, an average of 
>45 days between menses), and  dysfunctional 
uterine bleeding  (anovulatory bleeding that 
occurs more often than at 21-day intervals or is 
excessive, as indicated by bleeding for more 
than 7 days or requiring pad or tampon changes 
more than every 1–2 h)  [  4  ] . Because these 

menstrual patterns are statistically abnormal 
within the  fi rst year after menarche (occurring 
in less than 5% of adolescents), they are more 
appropriately considered to represent “symp-
tomatic” rather than “physiologic” adolescent 
 anovulation, and evaluation may be required. 
A two-thirds risk of persistent menstrual irreg-
ularity exists if symptoms persist 2 years 
beyond menarche; thus, evaluation is recom-
mended if symptoms persist for 2 years after 
menarche  [  6  ] . 

   Etiology 

    Two general types of disorders cause menstrual 
abnormalities: those that are associated with gen-
ital tract disorders and, more often, those that 
result from anovulation. The etiology of men-
strual disorders is given in Table  25.1   [  6  ] .  

     Fig. 25.1    Menstrual cycle lengths throughout reproductive life from menarche to menopause. Tenth,  fi ftieth, and nine-
tieth percentiles are shown (Reproduced with permission from Treloar et al.  [  5  ] )       
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   Genital Tract Disorders 

 Primary amenorrhea can result from structural 
abnormalities of the genital tract that occur 
independently or are secondary to a disorder of 
sexual differentiation (DSD). Varying degrees 
of vaginal and uterine aplasia are found in the 
Rokitansky–Kustner–Hauser syndrome  [  7  ] . 
This syndrome occurs as a single-gene defect 
or as an acquired teratogenic event which some-
times affects differentiation of the urinary tract. 
A subtype due to  Wnt4  gene defects is associ-
ated with hyperandrogenism  [  8  ] . Obstruction of 
the genital out fl ow tract—most commonly due 
to imperforate hymen—causes hydrocolpos, 
which results in a protruding vaginal mass, or 
hydrometrocolpos when the uterus is involved, 
which may present as an abdominal mass. 
Uterine aplasia may also result from DSD syn-
dromes in which anti-Müllerian hormone secre-
tion by testicular tissue has occurred. For this 
reason, primary amenorrhea may be the pre-
senting symptom of phenotypic girls with com-
plete androgen resistance (testicular 
feminization syndrome), congenital de fi ciency 
in one of the enzymes necessary for testicular 
testosterone secretion, or in patients with 
ambiguous genitalia due to partial versions of 
these disorders or due to 5 a -reductase 
de fi ciency. 

 Intrauterine adhesions (Asherman’s syn-
drome) may result from trauma, such as post-
curettage or as a complication of radiation 
therapy of pelvic disease or chronic in fl ammatory 
disease  [  9  ] . 

 Abnormal bleeding, on the other hand, can 
result from genital tract trauma or infection. 
The most common examples of these are sexual 
abuse and foreign body. Bleeding may also 
result from genital tract tumors.  

   Anovulatory Disorders 

 Anovulatory disorders, the most common cause 
of menstrual disorders, can be categorized into 

   Table 25.1       Causes of adolescent menstrual disorders a    

  Abnormal genital structure  
  Aplasia b  
  Hymenal 
  Vaginal 
  Müllerian 
  Intersex 
  Endometrial adhesions 
  Ambiguous genitalia 
  Intersex 
  Pseudointersex 
  Anovulatory disorders  
  Hypoestrogenism: FSH elevated 
  Primary ovarian insuf fi ciency 
   Congenital 
   Chromosomal disorders 
   Genetic disorders 
   Resistant ovaries 
   Bioinactive gonadotropin 
   Steroidogenic block 
   Acquired 
   Oophorectomy 
   Radiotherapy or chemotherapy 
   Oophoritis 
   Idiopathic 
  Hypoestrogenism: FSH not elevated 
  Gonadotropin de fi ciency 
   Congenital 
   Acquired 
   Organic 
   Functional (nonorganic) 
  Delayed puberty 
   Constitutional delay b  
   Growth-retarding disease 
  Primary ovarian insuf fi ciency 
   Complete, if BA < 11 year b  
   Incomplete, if BA > 11 year 
  Virilization 
  Estrogenized: FSH not elevated 
  Pregnancy 
  Functional hypothalamic anovulation 
   Athletic amenorrhea 
   Psychogenic amenorrhea 
   Idiopathic functional hypothalamic amenorrhea 
   Post-pill amenorrhea 
  Secondary hypothalamic anovulation 
   Chronic disease 
   Undernutrition or obesity 
   Cushing’s syndrome 
   Hypothyroidism 
   Hyperprolactinemia 
  Hyperandrogenism 

   a Adapted from Rosen fi eld et al.  [  6  ]  with permission from 
Elsevier 
  b Cause only primary amenorrhea  
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those disorders associated with hypoestrogenemia 
due to varying degrees of hypogonadism or 
those disorders associated with normal serum 
estrogen. If hypogonadism is complete and is 
present prior to the onset of neuroendocrine 
puberty, it causes sexual infantilism. If hypogo-
nadism is slightly less severe or is manifested in 
the early teenage years, it may permit some 
feminization, but too little to permit the onset of 
menses. In either case, primary amenorrhea is a 
result. Milder, partial, or incomplete forms of 
hypogonadism may cause either secondary 
amenorrhea or oligomenorrhea. At its mildest, 
hypogonadism may present with the anovula-
tory symptoms of dysfunctional uterine bleed-
ing or with excessively frequent periods due to 
short luteal phase. 

 Hypogonadism can be categorized according 
to whether or not gonadotropins, particularly 
serum follicle-stimulating hormone (FSH) levels, 
are elevated (Table  25.1 ). Hypoestrogenism with 
elevated FSH indicates primary ovarian failure 
(hypergonadotropic hypogonadism). The causes 
include both hereditary and acquired disorders. 
Gonadal dysgenesis due to de fi ciency of genes on 
the X chromosome causing Turner syndrome is 
the most common cause of primary ovarian fail-
ure, with an incidence of about 1 in 2,500 live-
born girls. About 5% of Turner syndrome patients 
present with secondary amenorrhea, even though 
they have congenitally dysgenetic ovaries  [  10  ] . 
Fragile X-chromosome permutation is associated 
with some cases of X-linked premature ovarian 
failure  [  11,   12  ] . Premature ovarian failure may 
result from hereditary gonadotropin resistance: 
LH receptor and FSH receptor mutations cause 
autosomal-recessive gonadotropin resistance  [  13  ] . 
These have been associated with a spectrum of 
defects ranging from primary amenorrhea to oli-
gomenorrhea. Partial gonadotropin resistance is 
common in the Albright osteodystrophy form of 
pseudohypoparathyroidism because of the gener-
alized defect in G-protein signal transduction  [  14  ] . 
Bioinactive gonadotropins on rare occasions may 
simulate primary gonadal failure  [  15,   16  ] . 
Steroidogenic blocks in estradiol biosynthesis can 
also cause secondary amenorrhea  [  17  ] . Acquired 
ovarian failure commonly results from irradiation, 

chemotherapy, trauma to the ovary, galactosemia, 
or autoimmune disease. Unexplained acquired 
ovarian failure has an autoimmune basis less than 
one-third of cases  [  12  ] . 

 Hypoestrogenism without elevated FSH levels 
usually indicates secondary ovarian failure 
(gonadotropin de fi ciency, hypogonadotropic 
hypogonadism) because a normal gonadotropin 
level is inappropriate in the setting of hypoestro-
genism. Gonadotropin de fi ciency can be congen-
ital or acquired. Congenital gonadotropin 
de fi ciency can occur in association with cerebral, 
hypothalamic, or pituitary dysfunction or as an 
isolated defect. Congenital hypopituitarism may 
be due to a chromosomal disorder (such as in 
Prader–Willi syndrome), single-gene mutations 
in the gonadotropin-releasing hormone (GnRH) 
signaling  [  18  ] , or pituitary development cascades 
 [  19  ]  or be associated with congenital brain defects 
of unknown origin. Congenital isolated gonado-
tropin de fi ciency may result from autosomal-
recessive disorders, of which GnRH receptor 
de fi ciency is more common in women than the 
anosmia-associated Kallmann’s syndrome  [  20  ] . 

 Acquired gonadotropin de fi ciency may be 
organic or functional (nonorganic). Organic 
acquired gonadotropin de fi ciency can be a conse-
quence of tumors, trauma, autoimmune hypo-
physitis  [  21  ] , degenerative disorders involving 
the hypothalamus and pituitary  [  22  ] , irradiation 
 [  23  ] , or chronic illness of virtually any organ sys-
tem  [  24  ] . Functional hypogonadotropism is com-
monly caused by eating disorders  [  25  ] . Anorexia 
nervosa is the prototypic form, but bulimia ner-
vosa, the binge eating/purging variant, is easily 
overlooked because the weight is often normal 
and vomiting surreptitious. Hyperprolactinemia 
can also cause functional gonadotropin de fi ciency, 
as discussed below. 

 Gonadotropin de fi ciency can be mimicked by 
primary ovarian failure in two circumstances. 
The most common is in children who are too 
young to have undergone neuroendocrine puberty, 
as indicated by a bone age less than about 
11 years. Gonadotropin levels may also not be 
elevated in incomplete or early premature ovar-
ian insuf fi ciency because gonadotropin levels 
may be normal as the ovary begins to fail during 
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the menopausal transition  [  12,   26  ] . Suppression 
of gonadotropins and estrogens occurs in frankly 
virilizing disorders. 

 Menstrual disturbance in the presence of ade-
quate estrogenization is probably the single most 
common problem that is encountered. Pregnancy, 
hypothalamic anovulation, with its diverse causes 
including hyperprolactinemia, and hyperandro-
genism are the considerations. 

 Hypothalamic anovulation occurs in patients 
who secrete suf fi cient gonadotropin tonically to 
estrogenize normally but have disorders which 
interfere with the ability to produce a midcycle 
surge of luteinizing hormone. In this group of 
disorders, there are disturbances of cyclic or 
 pulsatile GnRH release that interfere with the 
positive feedback mechanism. Functional hypo-
thalamic amenorrhea is often seen in the setting 
of weight loss, hyperathleticism, or psychogenic 
stress. Even when these factors are not obvious, 
similar mechanisms seem to underlie idiopathic 
functional hypothalamic amenorrhea  [  27  ] . Post-
pill amenorrhea may be suspected after the long-
term use of hormonal contraceptives. However, 
this entity usually results from an undetected 
antecedent anovulatory disturbance or an inter-
current illness, so a workup is required. 

 Chronic disease of virtually any organ system 
can mimic gonadotropin de fi ciency or hypotha-
lamic anovulation. Obesity may cause amenorrhea 
via the overproduction of estrogen from plasma 
precursors in adipose tissue  [  28  ]  or via a direct 
effect  [  29  ] . Glucocorticoid excess causes amenor-
rhea by multiple mechanisms, prime among which 
is interference with gonadotropin responsiveness 
to GnRH  [  30,   31  ] . Thyroid disorders are well-
known causes of menstrual irregularity  [  32  ] . 

 Hyperprolactinemia requires special consider-
ation since it varies greatly in its presentation. 
This is because it engenders variable degrees of 
gonadotropin de fi ciency. Prime among the mul-
tiple mechanisms is disruption of GnRH pulsatil-
ity  [  33,   34  ] . Galactorrhea is present in about half 
of the patients, particularly those with residual 
estrogen production. The causes of hyperprolac-
tinoma are diverse and include hypothalamic or 
pituitary disorders, drugs, hypothyroidism, renal 
or liver failure, peripheral neuropathy, stress, and 

idiopathy  [  35  ] . It is not only in the differential 
diagnosis of hypogonadotropic hypogonadism 
and hypothalamic amenorrhea; it may cause short 
or inadequate luteal phase (characterized by men-
strual cycles less than 22 days), dysfunctional 
uterine bleeding, or a hyperandrogenic picture. 

 Hyperandrogenism is the most frequent cause 
of anovulation, after pregnancy, so it is consid-
ered in more detail next.  

   Hyperandrogenism 

 Hyperandrogenemia is of ovarian origin in the 
vast majority of cases. It occasionally is of adre-
nal origin; in a few cases, it appears to be caused 
by abnormalities in the peripheral formation of 
androgen, and it is rarely caused by tumors or by 
self-administration. The causes of hyperandro-
genism are listed in Table  25.2   [  36  ] .  

   Polycystic Ovary Syndrome 
 PCOS accounts for 85% or more of androgen 
excess presenting at or after the onset of puberty. 
The classic syndrome originally described by 
Stein and Leventhal is characterized by various 
combinations of amenorrhea, hirsutism (de fi ned 
as excessive male-pattern hair growth), obesity, 
and polycystic ovaries. PCOS is now de fi ned as 
otherwise unexplained hyperandrogenic oligo-
anovulation (“National Institutes of Health crite-
ria”)  [  37  ] . If anovulatory symptoms are lacking, 
it is now widely accepted that a polycystic ovary 
is an alternative criterion for the diagnosis 
(“Rotterdam criteria”)  [  38,   39  ] . However, a poly-
cystic ovary in isolation is a normal variant, found 
in about 20% of healthy women  [  40,   41  ] . 
Consequently, there is not uniformity of agree-
ment about the alternative Rotterdam criterion of 
anovulatory symptoms and a polycystic ovary in 
the absence of hyperandrogenism  [  38  ] . 

 About two-thirds of patients with classic 
PCOS have hirsutism (or the hirsutism equiva-
lents, acne vulgaris, or pattern alopecia), two-
thirds have anovulatory symptoms (which vary 
from amenorrhea to dysfunctional uterine bleed-
ing to unexplained infertility), and half are obese. 
Thus, only about a third of otherwise classic 
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cases have the full-blown clinical picture 
(Fig.  25.2 ). While obesity and insulin resistance 
are not necessary or diagnostic features of PCOS, 
they are common and appear to play a role in 
pathogenesis of many cases. Acanthosis nigri-
cans, a sign of insulin resistance, may be 
prominent.  

 PCOS in adolescents has clinical and endo-
crine features similar to that of adults  [  41  ] . 
There may be an antecedent history of congeni-
tal virilization, premature pubarche, or syndro-
mic obesity (pseudo-Cushing’s syndrome or 
pseudo-acromegaly)  [  42  ] . Ovarian dysfunction 
is often found in the perimenarcheal phase of 
development, but it may not be demonstrable 
until 3 years after menarche  [  43  ] . 

  Pathophysiology.  There has been considerable 
debate over whether PCOS is fundamentally a 

neuroendocrine disorder (in which hyperpulsatil-
ity of GnRH is the origin of the problem), an 
ovarian disorder (in which intrinsic ovarian dys-
function is the origin), or a metabolic disorder (in 
which insulin resistance is a key element). Our 
research has led us to favor the concept that the 
essence of PCOS is intrinsic functional ovarian 
hyperandrogenism (FOH) that is closely linked 
to the metabolic disorder  [  44,   45  ] . 

 The theory that PCOS is a fundamentally neu-
roendocrine disorder is rooted in the observation 
that baseline LH levels and responses to GnRH 
are elevated in about half of PCOS patients. 
Compared to control women, women with PCOS 
have increased LH pulse frequency and ampli-
tude. Since LH stimulates theca cell develop-
ment, expression of steroidogenic enzymes, and 
steroidogenesis, the increased LH of PCOS was 
initially considered the cause of the androgen 
excess. However, this theory does not account for 
the large subset of women with PCOS who do not 
have elevated LH levels. In addition, the normal 
response to excessive LH stimulation is homolo-
gous desensitization of theca cells. Desensitization 
involves downregulation of LH receptor expres-
sion and androgen secretion in response to fur-
ther LH stimulation. Downregulation of androgen 
secretion is primarily exerted at the rate-limiting 
step in androgen formation, the 17,20-lyase activ-
ity of cytochrome P450c17, which has both 
17-hydroxylase and 17,20-lyase activities: as a 
consequence, 17-hydroxyprogesterone levels rise 

   Table 25.2       Causes of hyperandrogenism a    

 Functional gonadal hyperandrogenism 
   Primary (dysregulational) functional ovarian 

hyperandrogenism b  
  Secondary polycystic ovary syndrome 
   •  Poorly controlled classic congenital adrenal 

hyperplasia 
   • Syndromes of severe insulin resistance 
   • Ovarian steroidogenic blocks 
  Adrenal rests 
  Disorder of Sexual Differentiation 
  Chorionic gonadotropin related 
 Functional adrenal hyperandrogenism 
   Primary (dysregulational) functional adrenal 

hyperandrogenism c  
  Congenital adrenal hyperplasia 
  Prolactin or growth hormone excess 
   Dexamethasone-resistant functional adrenal 

hyperandrogenism 
  • Cushing’s syndrome 
  • Cortisol resistance 
  • Apparent cortisone reductase de fi ciency 
 Peripheral androgen overproduction 
   Obesity 
   Idiopathic hyperandrogenism 
 Tumoral hyperandrogenism 
 Androgenic drugs 

   a Adapted from Rosen fi eld 1997  [  36  ] , with permission 
from Elsevier 
  b Common form of PCOS 
  c Uncommon form of PCOS  

  Fig. 25.2    Manifestations of polycystic ovary syndrome 
in approximate proportion to their relative incidence and 
coincidence. Cutaneous symptoms include hirsutism, 
acne, or acanthosis nigricans. Anovulatory symptoms 
include amenorrhea, oligomenorrhea, dysfunctional uter-
ine bleeding, and infertility (Reproduced from Rosen fi eld 
 [  36  ]  with permission from Elsevier)       
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in response to increased LH levels, but the down-
stream androgenic response to LH is limited  [  41, 
  46,   47  ] . Therefore, LH excess does not seem to 
be a fundamental cause of the hyperandrogenism 
although the disorder is gonadotropin dependent, 
i.e., suppression of gonadotropin levels corrects 
hyperandrogenemia. 

 The excessive LH levels in women with PCOS 
may be explained by abnormal sex steroid feed-
back  [  29  ] . The LH pulse frequency of women 
with PCOS is less sensitive than that of controls 
to sex steroid suppression. Antiandrogen therapy 
can restore the inhibitory effect of progesterone 
on LH pulse frequency. 

 We favor the concept that the hyperandro-
genism of PCOS is caused by intrinsic defects in 
steroidogenesis. The FOH is characterized by an 
elevated free testosterone after suppression of 
adrenocortical function with dexamethasone. 
Two-thirds of these women also exhibit hyper-
sensitivity to LH stimulation, as demonstrated by 
hyperresponsiveness to LH of 17-hydroxypro-
gesterone relative to other ovarian steroids. Put 
another way, these women have “escaped” from 
normal desensitization to LH. Overexpression of 
the steroidogenic enzyme cytochrome P450c17 

seems to be particularly important. In vitro stud-
ies indicate that the abnormal steroidogenesis is 
due to an intrinsic defect in the theca cells of 
PCOS patients  [  48,   49  ] . 

 A related steroidogenic defect sometimes 
seems to involve the adrenal gland. About a quar-
ter of women with FOH have a related steroido-
genic defect in adrenal formation of the 
17-ketosteroid dehydroepiandrosterone (DHEA) 
and its precursor, 17-hydroxypregnenolone, with-
out evidence of a steroidogenic block in response 
to ACTH stimulation, as would occur in congeni-
tal adrenal hyperplasia. This pattern is termed 
functional adrenal hyperandrogenism (FAH). 
FAH had earlier been mistaken for nonclassic 
3ß-hydroxysteroid dehydrogenase de fi ciency, 
which is now known to be a rare disorder, and 
was considered to be “exaggerated adrenarche.” 

 These steroidogenic defects have been postu-
lated to result from dysregulation of steroidogen-
esis. This dysregulation is, in turn, postulated to 
result from imbalance among various intrinsic 
and extrinsic factors involved in the modulation 
of trophic hormone action (Fig.  25.3 ). Defects 
within ovarian theca cells causing overexpression 
of steroidogenic enzymes lead to hyperrespon-

  Fig. 25.3    Model of factors causing the common types of 
functional ovarian and adrenal hyperandrogenism. A mild 
degree of androgen excess can arise from excess trophic 
hormone (LH or ACTH) stimulation. Disturbances either 
extrinsic or intrinsic to these endocrine glands can amplify 

the effect of normal levels of trophic hormones. Extrinsic 
regulatory peptide excess is exempli fi ed by hyperinsu-
linemia. Intrinsic peptides capable of inappropriately 
upregulating steroidogenesis include IGFs (Reproduced 
from Rosen fi eld  [  45  ]  with permission from Elsevier)       

 



448 S.A. DiVall and R.L. Rosen fi eld

siveness to normal or excessive LH stimulation 
and resultant excessive androgen production.  

 Obesity and insulin-resistant hyperinsulinemia 
are common features of PCOS,  [  50,   51  ] . The 
degree of obesity is inversely correlated with LH 
levels  [  29  ] . Insulin resistance is out of proportion 
to the degree of obesity, and compensatory hyper-
insulinemia appears to be an important factor in 
the pathophysiology of PCOS. Women with 
PCOS have a high incidence of metabolic syn-
drome and are predisposed to type 2 diabetes mel-
litus  [  52  ] . Treatments which lower insulin levels 
reduce the androgen excess. Insulin counters 
homologous desensitization and steroidogenic 
downregulation in response to LH excess. Insulin 
also stimulates formation of testosterone by 
17ß-hydroxysteroid dehydrogenase. It does so by 
stimulating expression of KLF15, a Kruppel-like 
transcription factor that is part of the gene’s proxi-
mal promoter co-activator complex  [  53  ] . In adi-
pocytes, KLF15 also stimulates lipogenesis. Thus, 
the hyperinsulinemia that is compensatory for the 
insulin resistance of PCOS seems to contribute to 
both androgen and fat excess in a state of resis-
tance to the glucose-metabolic effects of insulin. 

 Follicular maturation and development of the 
dominant follicle is impaired in women with 
PCOS, leading to polycystic ovaries and anovula-
tion. This dysregulation of folliculogenesis seems 
at least in part caused by intraovarian androgen 
excess, but an independent defect cannot be ruled 
out  [  47,   54  ] . 

  Pathogenesis.  The cause of PCOS is unknown. 
Like type 2 diabetes mellitus, PCOS likely arises 
because of interaction between genetic predis-
posing factors with environmental factors  [  42  ] . 
There is a strong heritable component to hyper-
androgenemia and polycystic ovaries; each 
appears to be inherited as an independent auto-
somal dominant trait. Seventy- fi ve percent of our 
adolescents with PCOS have a parent with meta-
bolic syndrome, indicating a close relationship to 
obesity, insulin resistance, and diabetes  [  52  ] . 
Environmental in fl uences that promote obesity 
and associated hyperinsulinemia are aggravating 
and possibly precipitating pathogenetic factors. 
Any treatment, including weight loss, that lowers 

insulin levels improves ovarian dysfunction and 
ovulation  [  55–  59  ] . 

 Prenatal androgen excess is a distinct predis-
posing factor  [  42  ] . All congenital virilizing syn-
dromes are complicated by a high risk for PCOS. 
This is a common cause of persistent anovulation 
in well-controlled virilizing congenital adrenal 
hyperplasia. Experimental evidence suggests that 
the mechanism may involve reduction of hypo-
thalamic progesterone receptor expression, with 
consequent hypersecretion of LH, by prenatal 
androgen excess  [  60  ] . Other proposed precipitat-
ing factors include intrauterine growth retarda-
tion, premature adrenarche, and heterozygosity 
for congenital adrenal hyperplasia  [  61  ] .  

   Other Causes of Functional Ovarian 
Hyperandrogenism 
 Other functional causes of FOH can mimic PCOS 
(Table  25.2 ). Extraovarian androgen excess (as in 
poorly controlled congenital adrenal hyperplasia) 
and ovarian steroidogenic blocks (such as 
3ß-hydroxysteroid dehydrogenase, 17ß-hydrox-
ysteroid dehydrogenase, or aromatase de fi ciency) 
are causes. Excessive stimulation via the LH 
receptor is a rare cause of hilus cell hyperplasia 
or chorionic gonadotropin-related hyperandro-
genism during pregnancy  [  62,   63  ] . All known 
forms of extreme insulin resistance, including the 
hereditary cases which are due to insulin receptor 
mutations, as well as acromegaly  [  64  ] , are accom-
panied by PCOS, apparently by excessively stim-
ulating the IGF-I signal transduction pathway to 
cause escape from desensitization to LH. 
Functional ovarian hyperandrogenism may also 
result from adrenal rests of the ovaries in con-
genital adrenal hyperplasia or from true hermaph-
roditism. PCOS has also been reported as a 
complication of the impaired steroid metabolism 
which occurs as a complication of portasystemic 
shunting  [  65  ] . The antiepileptic drug valproic 
acid causes hyperandrogenism  [  66,   67  ] .  

   Other Causes of Functional Adrenal 
Hyperandrogenism 
 Less than 10% of adrenal hyperandrogenism can 
be attributed to the well-understood disorders 
listed in Table  25.2 . Congenital adrenal hyper-
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plasia arises from an autosomal-recessive 
de fi ciency in the activity of any one of the adre-
nocortical enzyme steps necessary for the bio-
synthesis of corticosteroid hormones. Mild 
enzyme de fi ciency causes nonclassic (“late-
onset”) presentations, which lack the genital 
ambiguity of classic congenital adrenal hyper-
plasia and cause adolescent or adult onset of ano-
vulatory symptoms and/or hirsutism. Women 
with the nonclassic disorder may have polycystic 
ovaries and high serum luteinizing hormone lev-
els, but FOH seems to be unusual except in the 
presence of adrenal rests of the ovaries  [  68  ] . 
Nonclassic 21-hydroxylase de fi ciency is the most 
common form of congenital adrenal hyperplasia 
and accounts for about 5% of hyperandrogenic 
adolescents in the general population. De fi ciencies 
of 3ß-hydroxysteroid dehydrogenase (3ß-HSD) 
or 11ß-hydroxylase are forms of congenital adre-
nal hyperplasia which have on rare occasions 
presented in adolescence. Apparent cortisone 
reductase de fi ciency is a rare autosomal-reces-
sive form of functional adrenal hyperandro-
genism  [  69  ] . 

 Dexamethasone-resistant forms of hyperan-
drogenism such as Cushing’s syndrome and cor-
tisol resistance are even more unusual than 
nonclassic congenital adrenal hyperplasia. 
Prolactin excess causes adrenal hyperandro-
genism  [  70  ] . Cushing’s and hyperprolactinemia 
sometimes occur in association with polycystic 
ovaries  [  71,   72  ] .  

   Other Causes of Hyperandrogenism 
 In approximately ten percent of hyperandro-
genic patients, a gonadal or adrenal source of 
androgen cannot be ascertained after thorough 
testing. Many of these cases meet PCOS criteria 
and seem to be due to obesity. In the absence of 
menstrual dysfunction, this is termed idiopathic 
hyperandrogenemia. Obesity may explain some 
of these cases because adipose tissue has the 
capacity to form testosterone from androstene-
dione. Other idiopathic cases may be due to 
hereditary quirks in peripheral metabolism 
of steroids. Tumor and exogenous ingestion of 
anabolic steroids are more rare causes of 
virilization.    

   Differential Diagnosis 

 Workup for primary amenorrhea should be 
undertaken if spontaneous menses have not 
occurred by 15.0 years of age or earlier if menses 
have not occurred 3 years after breast budding. 
A diagnostic approach to primary amenorrhea is 
shown in Fig.  25.4   [  6  ] . The history should include 
a search for clues to chronic disease or eating 
disorders. The key features on physical examina-
tion are determinations of whether puberty is 
delayed (or indeed whether it has even begun), 
whether the child is underweight  [  73,   74  ] , and 
whether the external genitalia are normal. All 
should have a panel of screening tests for chronic 
disease. Other key initial laboratory tests in the 
sexually  immature  patient are bone age radio-
graph and gonadotropin levels. Other key initial 
laboratory tests in the sexually  mature  patient are 
pregnancy test, plasma testosterone, and pelvic 
ultrasound examination.  

 In patients with secondary amenorrhea or oli-
gomenorrhea, the occurrence of menarche indi-
cates that a substantial degree of development of 
the reproductive system will have occurred. 
A pregnancy test and serum gonadotropin levels 
are the key tests with which to initiate the workup, 
as shown in Fig.  25.5   [  6  ] . However, because 
breast development persists even if hypoestro-
genism ensues, the presence of a mature breast 
stage does not preclude the possibility of hypoe-
strogenism. A simple  fi rst step to assess the ade-
quacy of estrogenization is to determine whether 
withdrawal bleeding occurs in response to a pro-
gestin challenge; a positive response indicates an 
estradiol level that averages  ³ 40 pg/mL  [  75  ] .  

 If the above evaluation of a sexually mature 
girl does not yield a de fi nitive diagnosis, further 
investigation for an anovulatory disorder should 
be undertaken (Fig.  25.6 )  [  6  ] . Dysfunctional uter-
ine bleeding is an alternate presentation of ano-
vulatory cycles. If present, other causes of 
dysfunctional uterine bleeding, such as sexual 
abuse, bleeding disorder, genital tract tumor, or 
feminizing cyst, should also be considered. The 
history of a woman with anovulatory symptoms 
should be carefully reviewed for evidence of the 
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  Fig. 25.4    Differential diagnosis of primary amenorrhea 
(Modi fi ed with permission from Rosen fi eld, RL. Primary 
amenorrhea and abnormal genital anatomy. In: Hochberg 
Z, editor. Practical algorithms in pediatric endocrinology. 
2nd ed. Basel. S. Karger AG; 2007)  A Prime among the 
causes of primary amenorrhea are growth-retarding or 
growth-attenuating disorders. In the absence of speci fi c 
symptoms or signs to direct the workup, laboratory assess-
ment for chronic disease typically includes bone age 
radiograph if the adolescent is not sexually mature and a 
chronic disease panel (complete blood count and differen-
tial, sedimentation rate, comprehensive metabolic panel, 
celiac panel, thyroid panel, cortisol and insulin-like 
growth factor I levels, and urinalysis).  B Breast develop-
ment ordinarily signi fi es the onset of pubertal feminiza-
tion. However, mature breast development does not ensure 
ongoing pubertal estrogen secretion (see Figs.  25.5  and 
 25.6 ).  C BMI < 10th percentile generally corresponds to 
body composition <20% body fat, which is the critical 
factor.  D BMI may not accurately re fl ect body fat in serious 
athletes (who have a disproportionately greater muscle 
mass) or bulimia nervosa.  E FSH is preferentially elevated 
over LH in primary ovarian failure. The most common 
cause of primary amenorrhea due to primary ovarian fail-
ure is gonadal dysgenesis due to Turner syndrome, but 
acquired causes must be considered (such as cytotoxic 
therapy). The workup of primary ovarian failure is consid-
ered in detail in the next algorithm (Fig.  25.5 , secondary 
amenorrhea and oligomenorrhea). Lack of FSH elevation 
virtually rules out primary ovarian failure only when the 
bone age is appropriate for puberty (11 years or more). 
 F “Pediatric” gonadotropin assays sensitive to  £ 0.15 U/L 
are critical to the accurate diagnosis of gonadotropin 

de fi ciency and delayed puberty. A low LH level is more 
characteristic of these disorders than a low FSH level. 
Congenital gonadotropin de fi ciency is closely mimicked 
by the more common extreme variation of normal, consti-
tutional delay of puberty.  G History and examination may 
yield clues to the cause of hypogonadotropic hypogonad-
ism, such as evidence of hypopituitarism (midline facial 
defect, extreme short stature, visual  fi eld defect) or anos-
mia (Kallmann’s syndrome) or functional hypothalamic 
disturbance (bulimia, excessive exercise). Random LH 
levels in hypogonadotropic patients are usually below 
0.15 IU/L, but often overlap those of normal pre- and mid-
pubertal children. The GnRH test, measuring the gonado-
tropin response to a 50- to 100- m g bolus, in the 
premenarcheal teenager strongly suggests gonadotropin 
de fi ciency if the LH peak is less than 4.2 IU/L by mono-
clonal assay. However, the GnRH test has limitations 
because of overlap between hypogonadotropic and nor-
mal teenager responses. GnRH agonist testing (e.g., leu-
prolide acetate injection 10  m g/kg SC) may discriminate 
better. It may not be possible to de fi nitively establish the 
diagnosis of gonadotropin de fi ciency until puberty fails to 
begin by 16 years of age or progress at a normal tempo. 
 H Plasma total testosterone is normally 20–60 ng/dL (0.7–
2.1 nM) in women and 300-1,200 ng/dL in men but varies 
somewhat among laboratories. Plasma free (or bioavail-
able) testosterone is about 50% more sensitive than total 
testosterone in detecting hyperandrogenemia. However, 
there are many pitfalls in testosterone assays at the low 
levels of women, reliable testosterone assays are not avail-
able to many physicians, and assaying the free testoster-
one introduces other potential sources of error. Therefore, 
it is reasonable to begin the evaluation with a total 
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nutritional disorders and the physical or emo-
tional stress that are common causes of the men-
strual symptoms. The examination should 
particularly focus on the possibility of intracra-
nial disorders, galactorrhea, and evidence of 
hirsutism or its cutaneous equivalents, treat-
ment-resistant acne vulgaris, or male-pattern 
balding. The workup is then directed differently 
according to the patient’s estrogen and prolactin 
status (Fig.  25.6 ). GnRH testing is indicated in 
con fi rmed hypoestrogenic cases. GnRH agonist 
testing yields similar results and in addition 
allows assessment of gonadotropin reserve in 
gonadotropin de fi ciency and also permits assess-
ment of ovarian responsiveness to gonadotropins 
 [  76–  78  ] . Imaging of either the ovaries or the brain 
is usually indicated.  

 Hyperandrogenism is the  fi nal consideration 
in the differential diagnosis of menstrual disor-
ders (Fig.  25.7 )  [  79  ] . The diagnosis may be 
dif fi cult to establish  [  80,   81  ] . Classically, when 
hirsutism or cutaneous hirsutism equivalents are 
present, this is considered as clinical evidence of 
hyperandrogenism. However, mild hirsutism and 
its cutaneous equivalents are common normal 
variants that are not associated with hyperandro-
genemia. In addition, cutaneous manifestations 
are absent in approximately one-third of hyper-
androgenism because there is considerable indi-
vidual variability in pilosebaceous unit sensitivity 
to androgens. Therefore, hyperandrogenism is 
most  fi rmly established if hyperandrogenemia 
can be reliably documented by biochemical 
testing.  

 Unfortunately, dependable testosterone assays 
are not available to many practitioners. Validated 
testosterone assays are also not widely available. 
The automated assays of total testosterone, avail-
able as part of multichannel immunometric pan-

els, are very inaccurate at the relatively low 
testosterone levels of women and children; thus, 
they give misleading information about androgen 
status in women. Determination of free or “bio-
available” testosterone is 50% more sensitive 
than total testosterone for the detection of hyper-
androgenemia, as sex hormone-binding globulin 
(SHBG), the main determinant of the bioactive 
portion of serum testosterone, is often low in 
hyperandrogenic women. Direct assays of free 
testosterone are inaccurate. The most reliable 
method for total testosterone uses a chromato-
graphic puri fi cation step before quanti fi cation by 
radioimmunoassay or mass spectrometry and 
measures women’s testosterone levels with a pre-
cision and accuracy of about 12-30%  [  82  ] . The 
serum free testosterone is then calculated as the 
product of the total testosterone and the function 
of testosterone binding to SHBG (i.e., free testos-
terone concentration = total testosterone concen-
tration × percent free testosterone). 

 It is reasonable to begin the evaluation with a 
total testosterone determination by a reliable 
method, as suggested above and in Figs.  25.4  and 
 25.6 . Most patients with PCOS have serum total 
testosterone concentrations between 40 and 
150 ng/dL. A total testosterone over 200 ng/dL 
increases the likelihood of a virilizing neoplasm. 
The routine assay of other androgens is probably 
of little utility for the detection of hyperandro-
genemia in most populations. DHEA sulfate 
(DHEAS) may be useful if cystic acne is a major 
symptom or there is a high suspicion for a viril-
izing tumor. DHEAS levels are often markedly 
elevated (over 700  m g/dL) if a tumor of adrenal 
origin is present. Patients who have clinical fea-
tures consistent with PCOS or otherwise unex-
plained anovulatory symptoms but an initial 
normal total testosterone should have an early 

Fig. 25.4 (continued) testosterone determination if a free 
testosterone test in a reliable specialty laboratory is not 
available to the practitioner.  I Androgen resistance is char-
acterized by a frankly male plasma testosterone level when 
sexual maturation is complete, male karyotype (46, XY), 
and absent uterus. External genitalia may be ambiguous 
(partial form) or normal female (complete form).  J The dif-
ferential diagnosis of hyperandrogenism is shown in a later 

algorithm (Fig.  25.7 ).  K Vaginal aplasia in a girl with normal 
ovaries may be associated with uterine aplasia (Rokitansky–
Kustner–Hauser syndrome). When the vagina is blind and 
the uterus aplastic, this disorder must be distinguished from 
androgen resistance. If the external genitalia are ambigu-
ous, it must be distinguished from other disorders of sex 
development (intersex).  L Secondary amenorrhea differ-
ential diagnosis is presented in Fig.  25.5        
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morning plasma free testosterone level performed 
in a reliable specialty laboratory. 

 If hyperandrogenemia is documented, we 
advise further diagnostic evaluation, as detailed 
in Fig.  25.7 . An ultrasonographic examination is 
important to exclude tumor although the preva-
lence is only 0.2% and to reassure patients who 
have polycystic ovaries that the “cysts” are 
benign. While the presence of polycystic ovaries 
is supportive of a diagnosis of PCOS, this  fi nding 
is not speci fi c for PCOS nor are polycystic ova-
ries necessary for the diagnosis of PCOS  [  68,   71, 
  72  ] . Hyperandrogenic anovulation, in the absence 
of other causes of anovulation (Figs.  25.4 ,  25.5 , 
and  25.6 ) including hyperprolactinemia, thyroid 
dysfunction, Cushing’s syndrome, nonclassic 
congenital adrenal hyperplasia, and virilizing 
neoplasm, ful fi lls widely accepted criteria for the 
diagnosis of PCOS  [  38,   81  ] . 

 PCOS may be mimicked by some rare disor-
ders undetected by the above studies. Whether 
more extensive laboratory testing is performed 
varies upon the individual clinical features, cir-
cumstances, concerns, and preferences of each 
patient. For example, a history of rapid viriliza-
tion, clitoromegaly, or rapid progression would 
be indications for a more extensive workup. It is 
our practice to initiate further workup for rare 
disorders according to the algorithm presented in 
Fig.  25.8   [  79,   80  ] . An early morning blood sam-
ple for free testosterone and steroid intermediates 
and 24-h urine for 17alpha-hydroxysteroids are 
obtained  [  69  ] , followed by a dexamethasone 
androgen-suppression test. We reserve ACTH 
testing, which is expensive if comprehensive, for 
the subset of patients with dexamethasone-sup-
pressible androgen excess. There has been con-
siderable confusion about the interpretation of 
moderately abnormal responses of steroid inter-
mediates to this test. The experience to date indi-
cates that mutations indicative of nonclassic 
congenital adrenal hyperplasia cannot be docu-
mented unless one of the steroid intermediates 
rises over 5 SD above average in response to 
ACTH  [  83–  85  ] . If the source of androgen excess 
cannot be localized by these tests, one may be 
able to de fi nitively demonstrate an ovarian source 
by a GnRH agonist challenge test  [  41  ] . If no 

source for the androgen excess can be found, one 
is dealing with idiopathic hyperandrogenemia.   

   Management 

 Appropriate therapy of menstrual disorders 
depends upon the diagnosis. Amenorrhea due to 
genital tract out fl ow obstruction often requires 
surgical treatment, as in the case of vaginal apla-
sia or imperforate hymen. Some cases of intra-
uterine adhesions respond to hysteroscopic lysis. 
If a DSD is diagnosed, utmost sensitivity must be 
used when discussing the diagnosis with the 
patient and family. The gender identity and 
wishes of the patient must be considered when 
recommending hormonal therapy. In many cases, 
surgical removal of dysgenic gonadal tissue may 
be necessary. 

 In some cases, treatment of hypogonadism is 
achieved without hormone replacement. The treat-
ment of choice for prolactinoma is dopaminergic 
agents. Hyperprolactinemia will be maximally 
suppressed within one month and menstrual cycle 
normalized within 3 months by an effective regi-
men. Cabergoline 0.5-1.0 mg once or twice weekly 
will usually control galactorrhea and shrink prolac-
tinomas  [  35  ] . To minimize nausea, it is best to start 
with a low dose at bedtime. Two years of treatment 
will minimize recurrence. Transsphenoidal resec-
tion of prolactinomas is considered if the patient’s 
condition or eyesight is critical and for the rare 
treatment failures. A link between cabergoline 
treatment and mild–moderate tricuspid valve regur-
gitation has been suggested in elderly patients with 
Parkinson’s disease who often take large doses of 
the drug. Whether this link also exists in patients 
with hyperprolactinemia, who are generally pre-
scribed  fi ve- to tenfold smaller doses, is yet to be 
established  [  86  ] . 

 Hypogonadism due to chronic diseases such 
as cystic  fi brosis, heart failure, cirrhosis, chronic 
renal failure, regional enteritis, or systemic lupus 
erythematosus is best treated by controlling the 
underlying illness. Anorexia nervosa is best man-
aged by an experienced multidisciplinary team. 
Refeeding is the  fi rst priority, accompanied by 
long-term management of the psychodynamic 



  Fig. 25.5    Differential diagnosis of secondary amenorrhea 
or oligomenorrhea (Modi fi ed with permission from 
Rosen fi eld RL. Secondary amenorrhea or oligomenorrhea. 
In: Hochberg Z, editor. Practical algorithms in pediatric endo-
crinology. 2nd ed. Basel. S. Karger AG; 2007)  A Mature sec-
ondary sex characteristics are characteristic because the 
occurrence of menarche indicates a substantial degree of 
development of the reproductive system.  B Diverse disorders 
of many systems cause anovulation. The history may reveal 
excessive exercise, symptoms of depression, gastrointestinal 
symptoms, radiotherapy to the brain or pelvis, or rapid viril-
ization. Physical  fi ndings may include hypertension (forms 
of congenital adrenal hyperplasia, chronic renal failure), short 
stature (hypopituitarism, Turner syndrome, pseudohypopara-
thyroidism), abnormal weight for height (anorexia nervosa, 
obesity), decreased sense of smell (Kallmann’s syndrome), 
optic disc or visual  fi eld abnormality (pituitary tumor), cuta-
neous abnormalities (neuro fi bromatosis, lupus), goiter, galac-
torrhea, hirsutism, or abdominal mass.  C In the absence of 
speci fi c symptoms or signs to direct the workup, evaluation 
for chronic disease in a sexually mature adolescent typically 
includes complete blood count and differential, sedimenta-
tion rate, comprehensive metabolic panel, celiac panel, thy-
roid panel, cortisol and insulin-like growth factor I levels, and 
urinalysis.  D “Pediatric” gonadotropin assays sensitive to 
 £ 0.15 U/L are critical to the early diagnosis of many anovula-
tory disorders.  E Patients missing only a small portion of an X 
chromosome may not have the Turner syndrome phenotype. 
Indeed, among 45,X patients the classic Turner syndrome 
phenotype is found in less than one-third (with the exception 
of short stature in 99%). Ovarian function is suf fi cient for 
about 10% to undergo some spontaneous pubertal develop-
ment and for 5% to experience menarche. If chromosomal 
studies are normal and there is no obvious explanation for the 
hypogonadism, special studies for fragile X premutation and 

autoimmune oophoritis should be considered.  F Autoimmune 
ovarian failure may be associated with tissue-speci fi c anti-
bodies and autoimmune endocrinopathies such as chronic 
autoimmune thyroiditis, diabetes, adrenal insuf fi ciency, and 
hypoparathyroidism. Nonendocrine autoimmune disorders 
may occur, such as mucocutaneous candidiasis, celiac dis-
ease, and chronic hepatitis. Rare gene mutations causing 
ovarian insuf fi ciency include steroidogenic defects that affect 
mineralocorticoid status (17-hydroxylase de fi ciency is asso-
ciated with mineralocorticoid excess and lipoid adrenal 
hyperplasia with mineralocorticoid de fi ciency) and muta-
tions of the gonadotropins or their receptors. Ovarian biopsy 
is of no prognostic or therapeutic signi fi cance. LH is dispro-
portionately high in steroidogenic defects or autoimmune 
disease speci fi cally affecting theca cells.  G The history may 
provide a diagnosis (e.g., cancer chemotherapy or radiother-
apy). Other acquired causes include surgery and autoimmu-
nity. Chromosomal causes of premature ovarian failure 
include X-chromosome fragile site and point mutations. 
Other genetic causes include gonadotropin-resistance syn-
dromes such as LH or FSH receptor mutation and pseudohy-
poparathyroidism. A pelvic ultrasound that shows preservation 
of ovarian follicles carries some hope for fertility.  H Withdrawal 
bleeding in response to a 5- to 10-day course of progestin 
(e.g., medroxyprogesterone acetate 10 mg HS) suggests an 
overall estradiol level greater than 40 pg/mL. However, this 
is not entirely reliable, and thus, in the interest of making a 
timely diagnosis, it is often worthwhile to proceed to further 
studies.  I A thin uterine stripe suggests hypoestrogenism. A 
thick one suggests endometrial hyperplasia, as may occur in 
polycystic ovary syndrome.  J A single cycle of an OCP con-
taining 30–35  m g ethinyl estradiol generally suf fi ces to induce 
withdrawal bleeding if the endometrial lining is intact.  K The 
differential diagnosis of other anovulatory disorders contin-
ues in Fig.  25.6        
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  Fig. 25.6    Differential diagnosis of anovulatory disorders 
(Modi fi ed with permission from Rosen fi eld, RL; 
Bourguignon, J-P. Anovulatory disorders. In: Hochberg Z, 
editor. Practical algorithms in pediatric endocrinology. 2nd 
ed. Basel. S. Karger AG; 2007)  A Anovulatory disorders 
should be considered in any girl with unexplained amenor-
rhea or oligomenorrhea, irregular menstrual bleeding, short 
cycles, or excessive menstrual bleeding. The workup in this 
algorithm progresses from negative studies in the Fig.  25.5  
algorithm.  B Once breast development has matured, the 
breast contour does not substantially regress when hypoe-
strogenism develops. Hypoestrogenism is suggested if 
plasma estradiol is persistently <40 pg/mL in a “pediatric” 
assay sensitive to <10 pg/mL. However, a single estradiol 
level may be misleading because of cyclic or episodic vari-
ations.  C Gonadotropin-releasing hormone (GnRH) testing 
is usually performed by assaying LH and FSH before and 
0.5 h after the administration of 1 mcg/kg GnRH intrave-
nously. GnRH agonist testing may alternatively be per-
formed by administering 10 mcg/kg leuprolide acetate 
subcutaneously and assaying LH and FSH at 3-4 h to assess 
gonadotropin reserve and at 18-24 h to assess the ovarian 
steroid response to endogenous gonadotropin release. 
 D Baseline gonadotropin levels may be normal as the ovary 
begins to fail, as in early menopause, but an exaggerated 
FSH response to GnRH and subnormal E2 response to the 
gonadotropin elevation induced by acute GnRH agonist 
challenge are characteristic. The further workup is shown 
in Fig.  25.5 .  E LH responses to GnRH may vary from nil to 
normal in gonadotropin de fi ciency: normal LH and FSH 
responses in the presence of hypoestrogenism indicate 
inadequate compensatory hypothalamic GnRH secretion. 

 F Gonadotropin de fi ciency may be congenital or acquired, 
organic, or functional. Congenital causes include midline 
brain malformations or speci fi c genetic disorders such as 
Prader–Willi syndrome, Laurence–Moon–Biedl syndrome, 
or Kallmann’s syndrome. Kallmann’s syndrome, the asso-
ciation of anosmia with gonadotropin de fi ciency, occurs in 
both the X-linked and autosomal-recessive forms. Special 
MRI views often demonstrate absence of the olfactory 
tracts. Acquired gonadotropin de fi ciency may be secondary 
to a variety of organic CNS disorders, varying from hypo-
thalamic–pituitary tumor to radiation damage to empty 
sella syndrome. Autoimmune hypophysitis is a rare disor-
der, sometimes accompanying a polyendocrine de fi ciency 
syndrome. The prototypic form of functional gonadotropin 
de fi ciency is anorexia nervosa. Idiopathic hypogonadotro-
pic de fi ciency may sometimes occur in families with 
anosmia, suggesting a relationship to Kallmann’s syn-
drome.  G Plasma free (or bioavailable) testosterone is 
about 50% more sensitive than total testosterone in 
detecting hyperandrogenemia. However, there are many 
pitfalls in testosterone assays at the low levels of women, 
reliable testosterone assays are not available to many 
physicians, and assaying the free testosterone introduces 
other potential sources of error. Therefore, it is reason-
able to begin the evaluation with a total testosterone 
determination if a free testosterone test in a reliable spe-
cialty laboratory is not available to the practitioner. 
Simultaneous assay of 17-hydroxyprogesterone is indicated 
in subjects at high risk for congenital adrenal hyperplasia, 
such as Ashkenazi Jews. Differential diagnosis of hyperan-
drogenic evaluation is outlined in Fig.  25.7 .  H Dysfunc-
tional uterine bleeding or menorrhagia not controlled
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issues  [  87  ] . Menses resume when psychotherapy 
is effective and body fat is restored to normal. 
Estrogen treatment of patients with eating disor-
der will mask the psychopathology which under-
lies the menstrual disturbance and does not yield 
the recovery of bone loss that occurs with weight 
gain  [  88  ] . 

 Hormone replacement is the treatment of choice 
in hypergonadotropic hypogonadism and organic 
causes of hypogonadotropic hypogonadism, such 
as congenital or acquired hypopituitarism. Stature 
is an important consideration in sexually immature 
teenagers, especially those with Turner syndrome. 
The dose of estrogen in standard oral contracep-
tive pills (OCPs) will inhibit growth and lead to 
premature fusion of the epiphyses in sexually 
immature patients. If maximizing height potential 
is patient important, substantial bene fi t can only be 
expected if treatment is initiated long before the 
induction of puberty; this is seldom realistic if ini-
tiated after 14 years of age. Panhypopituitary 
patients require replacement of growth hormone 
and cortisol de fi cits to obtain a normal degree of 
breast development. Further discussion of growth 
hormone therapy is beyond the scope of this 
chapter. 

 Optimal estrogen replacement therapy in the 
sexually immature girl requires the induction of 
puberty in a physiologic manner with extremely 
low doses of estrogen to maximize growth. 
Gradual, physiologic replacement of estrogen 
can be started at a peer-appropriate age without 
compromising height potential. This technique 
has been validated using intramuscular depot 
estradiol  [  89  ] . However, as intramuscular estra-
diol at the low doses required to mimic physiol-
ogy at puberty start is most accurately provided 
with the support of a compounding pharmacy, 
transdermal E2 6.25  m g daily is a reasonable 
alternative  [  10  ] . We deliver this dose by applying 
a 25-mcg patch continuously for 7 days monthly. 
Equivalent starting doses are 0.25 mg micronized 
E2 by mouth daily or 5 mcg ethinyl estradiol 
(one-fourth of the smallest available tablet) by 
mouth daily for three weeks out of four. The dose 
is increased every 6 months over a span of 2 years 
to adult replacement doses of transdermal estra-
diol 75-100 mcg daily, ethinyl estradiol 20 mcg, 
or conjugated estrogen 0.625 mg PO daily for 
3 weeks out of four. Although conjugated equine 
estrogen has been effectively used to induce fem-
inization, doses as low as 0.325 mg daily inhibit 

Fig. 25.6  (continued) by progestin or OCP therapy addi-
tionally requires a pelvic ultrasound examination (for genital 
tract tumor or feminizing tumor), coagulation workup (which 
includes platelet count, prothrombin time, thromboplastin 
generation test, and bleeding time), and consideration of the 
possibility of sexual abuse.  I The equivalent of 4 miles per day 
or more is generally required before body fat stores fall to the 
point where amenorrhea occurs. Physical or psychosocial 
stress may cause amenorrhea.  J The normal range for estra-
diol over the menstrual cycle is wide: values >95 pg/mL usu-
ally indicate the preovulatory or luteal phase but are 
compatible with a feminizing disorder.  K Mild forms of stress 
disorders associated with low body fat (anorexia nervosa, 
bulimia nervosa, and athletic amenorrhea) may cause 
acquired hypothalamic amenorrhea rather than frank gonad-
otropin de fi ciency. The low body fat content of athletic 
amenorrhea may not be re fl ected by weight for height 
because of high muscularity. Dual-photon absorptiometry 
scan may be useful in documenting body fat below 20%. 
Patients with anorexia nervosa may become amenorrheic 
before or when weight loss begins, indicating an important 
psychological component to the etiology. Obesity is also 

associated with anovulatory cycles and raises the possibility 
of Cushing’s syndrome.  L Hypothalamic amenorrhea is a 
diagnosis of exclusion. It is a form of partial gonadotropin 
de fi ciency in which baseline estrogen secretion is normal but 
a preovulatory LH surge cannot be generated. It may result 
from organic CNS disorders or be functional, due to stress, 
undernutrition or obesity, diverse types of endocrine dysfunc-
tion, chronic disease, or idiopathy. It may be dif fi cult to distin-
guish from hyperandrogenemia.  M Hyperprolactinemia is 
heterogeneous in its presentation. Some have normoestrogenic 
anovulation, which may be manifested as hypothalamic ano-
vulation, hyperandrogenism, dysfunctional uterine bleeding, 
or short luteal phase. On the other hand, some are hypoestro-
genic; these do not have galactorrhea.  N Large hypothalamic–
pituitary tumors or other types of CNS injury cause variable 
pituitary dysfunction, which may include complete or partial 
gonadotropin de fi ciency and various manifestations of 
hypopituitarism (including secondary hypothyroidism). 
If they interrupt the pituitary stalk, hyperprolactinemia 
ensues. Hyperprolactinemia may also be caused by prolacti-
nomas.  O Drugs, particularly neuroleptics of the phenothiaz-
ine or tricyclic type, may induce hyperprolactinemia       
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  Fig. 25.7    Initial workup of hyperandrogenemic anovula-
tion. Polycystic ovary syndrome (PCOS) accounts for the 
vast majority of cases; its most widely accepted de fi nition is 
currently otherwise unexplained hyperandrogenic anovula-
tion (“National Institutes of Health criteria”) (Adapted with 
from Buggs and Rosen fi eld  [  79  ]  with permission from 
Elsevier)  A Ultrasonography is the initial study that detects 
polycystic ovaries and excludes ovarian pathology other than 
polycystic ovaries. The abdominal ultrasound that is indi-
cated for pelvic ultrasonographic imaging in virginal adoles-
cents can be used to screen for adrenal enlargement/mass. 
A polycystic ovary has been de fi ned by international consen-
sus as an ovary with a volume  ³ 10.5 cc (10.8 cc in adoles-
cence) and/or containing  ³ 12 follicles (equivalent to  ³ 10 
follicles in the maximum plane).  B Ovotesticular DSD (disor-
der of sex development) was formerly termed true hermaph-
roditism.  C Virilization during pregnancy may be due to 
androgen hypersecretion by a luteoma or hyperreactio lutein-
alis.  D “Classic” PCOS is here used synonymously for those 
cases that have a polycystic ovary and supports the diagnosis, 
but a polycystic ovary is not necessary for diagnosis.  E A poly-
cystic ovary is not speci fi c for PCOS; it has been reported in 
several speci fi c endocrinopathies (e.g., hypothyroidism and 
Cushing’s disease) and is also common in asymptomatic 
individuals.  F Further evaluation should include levels of 

serum prolactin, thyroid-stimulating hormone (TSH), insu-
lin-like growth factor I (IGF-I), cortisol, 17-hydroxyproges-
terone, and dehydroepiandrosterone sulfate (DHEAS). An 
abnormality of any of these endocrine tests is suggestive of 
one of the hyperandrogenic disorders that most commonly 
mimics PCOS.  G Plasma cortisol <10 mcg/dL essentially rules 
out endogenous Cushing’s syndrome.  H 8 a.m. 17-hydroxy-
progesterone >170 ng/dL is approximately 95% sensitive and 
90% speci fi c for detecting common-type (21-hydroxylase 
de fi cient) nonclassic congenital adrenal hyperplasia (CAH) 
in anovulatory or follicular phase women; it is often found in 
virilizing neoplasms. DHEAS > 700 mcg/dL suggests adrenal 
virilizing tumor or a rare type of CAH (3ß-hydroxysteroid 
dehydrogenase de fi ciency).  I Computed tomographic scan-
ning of the adrenal gland is a more de fi nitive study for iden-
tifying adrenal tumor than is ultrasound.  J Exclusion of the 
preceding disorders in a hyperandrogenic patient with men-
strual dysfunction meets National Institutes of Health criteria 
for PCOS with approximately 95% reliability. However, this 
workup does not identify rare adrenal disorders (e.g., some 
types of CAH, cortisone reductase de fi ciency), rare testoster-
one-secreting adrenal tumor, or, most commonly, idiopathic 
hyperandrogenism (here used to signify hyperandrogenism 
of unknown origin, which can arise from obesity or possibly 
metabolic abnormalities).       

growth  [  90  ] . Progestin should be added to estro-
genic regimens after 2 years of estrogen replace-
ment treatment or after bleeding occurs: we start 
physiologic replacement with micronized pro-

gesterone (Prometrium ® ) 100 mg daily for 7 days 
monthly and advance to a full maintenance dose 
of 200 mg daily for 10 days monthly. In the set-
ting of estrogen replacement at adult doses, the 
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  Fig. 25.8    Differential diagnosis of hyperandrogenism and 
hirsutism (Adapted from Buggs and Rosen fi eld  [  79  ]  with 
permission from Elsevier).  A After obtaining an early 
 morning blood sample for baseline steroid intermediates 
(e.g., 17-hydroxypregnenolone, 17-hydroxyprogesterone 
(17OHP), androstenedione, dehydroepiandrosterone) and a 
24-h urine for 17 alpha-hydroxycorticoids, a dexametha-
sone androgen-suppression test is performed. This consists 
of a 4-day course (7 days if body weight  ³ 100 kg) of dexam-
ethasone 0.5 mg four times daily. A normal result is de fi ned 
as suppression of adrenal androgens below the normal range 
and by at least 75%.  B Androgen suppression is normal if 
level of 17OHP < 50 ng/dL (1.5 nmol/L), total testosterone 
<28 ng/dL (1.0 nmol/L), and DHEAS < 80 mcg/dL 
(2.1  m mol/L) (>75% fall); free testosterone falls below 8 pg/
mL (27.7 pmol/L) in our hands.  C Normal corticoid suppres-
sion results in cortisol <2.0 mcg/dL (54 nmol/L).  D If both 
androgen and cortisol are not normally suppressed, 
Cushing’s syndrome and cortisol resistance should be con-
sidered. Poor suppression can result from noncompliance 
with the dexamethasone regimen.  E A subnormal suppres-
sion of testosterone and 17OHP and a normal suppression of 

cortisol and DHEAS are characteristics of PCOS, but the 
rare virilizing adrenal tumor or adrenal rests should be con-
sidered on the basis of clinical factors. Computed tomogra-
phy is the most de fi nitive test for adrenal tumor.  F A 
cosyntropin (ACTH) stimulation test is appropriate if andro-
gen suppression by dexamethasone is normal.  G The diagno-
sis of congenital adrenal hyperplasia (CAH) is suggested if 
the steroidogenic intermediate response to ACTH is >5 SD 
above the average norm: for 17OHP, this is >1,000 ng/dL 
(30 nmol/L) and for 17-hydroxypregnenolone >5,000 ng/dL 
(158 nmol/L).  H Primary functional adrenal hyperandro-
genism (FAH) (suggested by a modest rise in 17-hydroxy-
pregnenolone or 17OHP that does not meet the criteria for 
the diagnosis of CAH) is sometimes the only demonstrable 
source of androgen excess in PCOS.  I Idiopathic hyperan-
drogenemia (distinct from idiopathic hirsutism) is the diag-
nosis when the source of androgen excess remains 
unexplained after intensive investigation (approximately 
10% of cases). It is most commonly associated with obesity. 
Cortisone reductase de fi ciency is a rare consideration, in 
which the elevated urinary corticoids consist primarily of 
cortisone metabolites       

addition of progesterone is necessary to lower the 
risk of endometrial hyperplasia and endometrial 
carcinoma  [  91  ] . 

 Hypoestrogenism in sexually mature girls 
may be managed by administration of an oral 
contraceptive (OCP). OCPs are the most conve-
nient option. Although the current generation of 

OCPs carries very little risk of venous throm-
boembolic disease  [  92  ]  and the progestational 
component protects against endometrial hyper-
plasia, emerging evidence in postmenopausal 
women suggests that transdermal estradiol is 
slightly safer  [  93  ] . The lowest estrogen dosage 
currently available in combination OCPs in the 
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United States is 20 mcg ethinyl estradiol (e.g., 
with 1.0 mg norethindrone acetate in Loestrin 20 
1/21 ® , 3 mg drospirenone in Yaz  ® , 0.15 mg des-
ogestrel in Mircette ® ). Higher estrogen doses are 
available, such as 30 mcg ethinyl estradiol (e.g., 
with 3 mg drospirenone in Yasmin ® ). Obese 
patients tend to require higher doses of estrogen. 
However, patients sensitive to estrogen because 
of such conditions as hypertension, migraine, or 
lymphedema are best advised to use a more phys-
iologic type of therapy, estradiol itself in a form 
delivered systemically, bypassing the liver. 
Preparations of estradiol that are not oral include 
depot estradiol given intramuscularly with 
medroxyprogesterone acetate (Lunelle ® ) or estra-
diol patches. When using estrogen alone, a pro-
gestin is administered for the last 7-10 days of 
each course of estrogen (e.g., micronized proges-
terone 100-200 mg daily); the more progestin 
administered, the less the risk of endometrial 
hyperplasia, but the greater the risk of premen-
strual symptoms. 

 In sexually mature adolescents with menstrual 
irregularities who experience withdrawal bleed-
ing in response to progesterone during the diag-
nostic workup (Fig.  25.4 ), oral progestin therapy 
may be repeated in 2-3-month cycles in order to 
detect the emergence of spontaneous menses that 
signals the resolution of the physiologic anovula-
tion of adolescence. This treatment seldom causes 
side effects and has never been incriminated as a 
cause of post-pill amenorrhea; thus, it has the 
appeal of potentially disturbing the developing 
neuroendocrine system less than OCPs. However, 
patients must be made aware that this is not a 
contraceptive treatment. 

 An acute episode of dysfunctional uterine 
bleeding requires the administration of estrogen, 
given together with a progestin as a low-dose 
OCP, one tablet four times daily for 7 days. 
Treatment is then stopped for 5 days, and the 
patient is warned that heavy withdrawal bleeding 
with cramps may occur. Therapy with a low-dose 
OCP, given as for contraception, is then begun to 
prevent recurrence of dysfunctional bleeding and 
is continued for about three cycles. Cyclic pro-
gesterone is an alternative treatment to oral con-
traceptive pills. 

 A patient who is hypovolemic because of rapid, 
heavy dysfunctional bleeding should be hospital-
ized and treated with intravenous  fl uids and blood 
products as necessary. Premarin ®  in a dose of 
25 mg intravenously every 3–4 h for 3–4 doses is 
customary. When medical management fails, a 
bleeding diathesis or uterine structural abnormality 
should be considered. If heavy bleeding persists, 
curettage should be performed by a gynecologist. 

 The management of hyperandrogenic states is 
individualized according to symptoms and patient 
goals—hirsutism, acne, and alopecia; menstrual 
irregularity; and obesity and insulin resistance—
and the source of androgen excess. The hyperan-
drogenism associated with congenital adrenal 
hyperplasia, Cushing’s syndrome, virilizing 
tumors, DSD, hyperprolactinemia, or acromegaly 
improves with appropriate treatment of the under-
lying cause. Undesirable side effects of glucocor-
ticoid treatment of congenital adrenal hyperplasia 
can typically be minimized by using a modest 
bedtime dose (about 5–7.5 mg prednisone). 
Obtaining adrenal steroids while on treatment is 
necessary to monitor for adrenal suppression. 
Control of androgens in congenital adrenal hyper-
plasia may not suf fi ce unless nocturnal progester-
one excess is also controlled  [  94  ] . This treatment 
will typically normalize the menstrual pattern in 
nonclassic congenital adrenal hyperplasia, but 
the effect in classic congenital adrenal hyperpla-
sia is more problematic, since PCOS complicates 
many of these cases, apparently as the result of 
congenital or perinatal masculinization  [  68  ] . 

 The management of PCOS is directed toward 
treating symptoms and monitoring for associated 
disorders. The risk of metabolic syndrome and 
type 2 diabetes mellitus is increased in PCOS; 
thus, a fasting lipid panel and oral glucose toler-
ance test are recommended in patients with cen-
tral obesity, hypertension, or family history of 
type 2 diabetes mellitus  [  95  ] . The 2-h blood sugar 
during an oral glucose tolerance test deteriorated 
at an average rate of 9 mg/dL/year over about a 
3-year period in one study  [  51  ] . Primary relatives 
have been shown to have higher rates of diabetes 
mellitus and metabolic syndrome; thus, these 
tests are also recommended in obese or hyperten-
sive primary relatives  [  52  ] . 
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 Treatment of menstrual irregularities in PCOS 
is recommended to prevent amenorrhea and the 
associated risk of endometrial hyperplasia and 
carcinoma. The combination OCP containing 
estrogen and progestin is the  fi rst-line treatment 
to induce regular menstrual cycles, especially in 
patients with hirsutism or its cutaneous equiva-
lents. The estrogen component decreases bioac-
tive testosterone by suppressing LH secretion, 
ovarian androgen production, and serum SHBG. 
The decrease in bioactive testosterone, assessed 
3 months after start of therapy, is associated with 
an improvement in hyperandrogenic cutaneous 
symptoms. All estrogen–progestin combinations 
generally suf fi ce for women with acne or mild 
hirsutism, in combination with cosmetic mea-
sures. OCPs containing non-androgenic proges-
tins such as norgestimate (Ortho-Cyclen ® ) or 
ethynodiol diacetate (Demulen 1/50 ® ) generally 
have favorable risk–bene fi t ratios and optimize 
lipid pro fi les. Those with antiandrogenic proges-
tins in low dose may confer an additional bene fi t: 
drospirenone is available in the USA with 20 mcg 
(Yaz ® ) or 30 mcg (Yasmin ® ) ethinyl estradiol. 
Obese patients may require a higher dose of 
estradiol to provide menstrual regularity. 

 Progestin-only regimens can be used to induce 
menstrual regularity as detailed above, especially 
if hirsutism and its cutaneous equivalents are not 
a concern. Progestin-only regimens are also use-
ful in patients in whom OCPs are contraindicated 
or in patients with objections to use of contracep-
tive therapy. 

 Hirsutism and its cutaneous equivalents are 
treated by topical dermatologic and cosmetic 
measures and/or endocrinologic treatment. The 
choice between the treatment options depends 
upon symptoms and patient preference. Mild hir-
sutism can be treated by hair removal techniques 
such as shaving, bleaching, or waxing. 
E fl ornithine hydrochloride cream (Vaniqa ® ) is a 
topical agent that is FDA approved for the 
removal of unwanted facial hair. Six to eight 
weeks of use is required before effects are seen, 
and it must be used inde fi nitely to prevent 
regrowth. It is often not covered by third party 
payers. Laser therapy and electrolysis are tech-
niques of permanent hair reduction. Because of 

expense, discomfort, and occasional scarring, 
these techniques are most appropriate for limited 
areas in patients who do not respond to other 
means of treating hirsutism. 

 As an adjunct to cosmetic treatments, OCPs, 
by decreasing bioavailable testosterone, can 
improve acne within 3 months and arrest progres-
sion of hirsutism within 9-12 months in most 
PCOS patients. Androgen-lowering treatment 
reduces the androgen-induced transformation of 
vellus to terminal hairs, and the effects of these 
agents are maximal at 9–12 months because of 
the long growth cycles of sexual hair follicles. 
Thus, a minimum of 6 months is required to 
determine improvement. OCPs are recommended 
as a  fi rst-line treatment of hirsutism  [  67  ] . Many 
OCPs contain progestins that may have a mild 
androgenic component. It is logical, therefore, to 
treat hirsute women with OCPs that contain non-
androgenic or antiandrogenic progestins, as 
detailed above. If after 6 months of treatment no 
substantial improvement in hirsutism occurs, 
antiandrogen therapy is suggested  [  67  ] . 
Spironolactone has been shown to be effective to 
the extent of lowering hirsutism score by about 
one-third  [  96  ] , with considerable individual vari-
ation, and is probably the most potent and safe 
antiandrogen available in the USA. We recom-
mend starting with 100 mg twice daily, then 
reducing the dosage to 50 mg twice daily for 
maintenance therapy after the maximal effect has 
been achieved. This dosage is usually well toler-
ated; fatigue and hyperkalemia at higher doses 
may limit its usefulness, however. It is potentially 
teratogenic to fetal male genital development and 
may cause menstrual disturbance; therefore, it 
should be prescribed with an oral contraceptive. 
Flutamide is another antiandrogen of similar 
ef fi cacy, but is not recommended because of 
potential hepatotoxicity and expense  [  67  ] . 

 Weight loss improves ovulation, acanthosis 
nigricans, androgen excess, and cardiovascular 
risk in PCOS patients  [  58,   59,   97  ] , while antian-
drogens have only a modest effect on metabolic 
abnormalities  [  98  ] . This observation lends prom-
ise to the idea that insulin-lowering agents could 
be useful in the treatment of PCOS. The bigu-
anide metformin is the most studied of the insu-
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lin-lowering agents in the treatment of PCOS. 
Metformin suppresses appetite and enhances 
weight loss. Randomized trials in adolescents 
demonstrate that metformin increases the fre-
quency of menses and ovulation, and modestly 
lowers testosterone levels  [  99,   100  ] . The decrease 
in testosterone is not suf fi cient to improve hir-
sutism. In addition, it is unclear whether the 
effect of metformin on menstrual frequency is 
primary or secondary to the induced weight loss 
 [  101  ] . It is recommended that metformin be 
 considered as an adjunct to weight-control mea-
sures in women with impaired glucose tolerance, 
especially if weight-loss measures fail  [  102  ] . 
Thiazolidinediones also increase insulin sensi-
tivity  [  57  ] , but their use in adolescents is not rec-
ommended because of the associated weight 
gain, risk of hepatotoxicity, and possible long-
term cardiovascular side effects. 

 Psychological support is an important aspect 
of the management of teenagers with menstrual 
disorders. Girls with delayed puberty, whether it 
has an organic or functional basis, can almost 
always be assured that they will feminize and, if 
a uterus is present, that they will experience men-
ses. Girls can be reassured that menstrual abnor-
malities will be regulated. In addition, patients 
with Turner syndrome or similar primary hypog-
onadism disorders can hold hope for the ability to 
carry a pregnancy, and patients with hypogonad-
otropic hypogonadism and chronic anovulatory 
disorders can hold hope for the ability to con-
ceive, though in both situations this will require 
special care by a reproductive endocrinologist.      
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