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Introduction

Puberty is an indelible period of metamorphosis of the
human lifecycle, which culminates in sexual maturation and
reproductive capability. The failure to develop in a normal
and timely fashion can, therefore, cause profound anxiety in
individuals and families. Furthermore, awareness that puber-
tal delay can indicate significant underlying pathology com-
pels physicians to investigate any perceived deviation from a
rigidly defined acceptable pattern of development. The abil-
ity to distinguish between various causes of delay and to dif-
ferentiate significant underlying pathology from common
benign delay can be daunting often requiring prudent inves-
tigation. Depending on the ultimate diagnosis, treatment
options vary, but most patients can ultimately expect to
achieve pubertal maturation and fertility.

Puberty is initiated when the hypothalamic gonadotropin-
releasing hormone (GnRH) pulse generator begins secreting
brief nocturnal pulses of GnRH from the hypothalamic arcu-
ate nucleus which subsequently stimulate the pituitary to
release luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) [1]. Kisspeptin acts on the hypothalamic
GnRH neurons, stimulating GnRH secretion [2]. The gonad-
otropins (LH and FSH) promote gonadal maturation, and
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gonads synthesize sex steroids, including testosterone and
estrogen, and other proteins. LH acts on theca cells and inter-
stitial cells to produce progestins and androgens which dif-
fuse into adjacent granulosa cells. FSH acts on granulosa
cells to stimulate aromatization of these androgens to estro-
gen. Estrogen and testosterone then promote pubertal
changes throughout the body and provide negative feedback
effect on the GnRH and gonadotropins (Fig. 17.1).

The first physical signs of puberty are typically breast
development in girls and testicular enlargement in boys (tes-
ticular volume > 3 ml/ > 2.5 cm in length). Some children,
especially girls, have the appearance of pubic hair prior to the
initiation of breast development, but in the absence of other
puberty signs this usually represents adrenarche [adrenal
source of androgens, independent of hypothalamic-pituitary-
gonadal (HPG) axis maturation] and not true puberty. The
trigger(s) for re-activation of the HPG axis is not completely
understood, but modifying factors include general health,
nutrition, genetic determinants, pubertal timing among pri-
mary relatives, endocrine-disrupting chemicals, and body
mass index. Elevated body mass index (BMI) is often associ-
ated with delayed puberty in boys [3, 4]. Many of the genes
involved in the HPG axis maturation are still unknown.
Kisspeptin-1 and its cognate receptor (GPR54, a G protein-
coupled receptor) are integral to the normal function of HPG
axis and play critical role in the physiologic regulation of
puberty [2, 5]. Kisspeptin is co-expressed with neurokinin B
and dynorphin, and these signaling pathways are also impor-
tant in physiologic regulation of puberty [6]. There is evi-
dence that leptin, a 16 kDa hormone product of the Ob gene,
synthesized by adipocytes, plays a permissive role [7, 8].

In delayed puberty, 16-40% of the population has loss of
function mutation in the GnRH receptor. HS6ST1, FGFRI,
KLB, and variants in several HH genes including GNRHR,
TAC3, TACR3, IL17RD, and SEMA3A have been identified
by whole exome sequencing; however, the exact pathogenic-
ity of all these mutations is unknown [9-12]. Recently, in a
Finnish family with delayed puberty, a gene of the immuno-
globulin superfamily, IGSF10, has been described to cause
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Fig.17.1 Schematic
illustration of pubertal
regulation
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delay by a defective neuroendocrine network of the GnRH
pulse regulator [13].

Although the lower limit of normal for the onset of
puberty is contestable, the average age for this process is
generally accepted to be 9-10 years for girls and 10-11 years
for boys [1, 14]. Delayed puberty can be defined as failure to
demonstrate signs of pubertal maturation by an age that is >2
standard deviations above the population mean [1]. Delayed
puberty is considered when there is lack of testicular enlarge-
ment by age 14 in males, lack of breast development by age
13 in females, absence of menarche by age 16 years in girls,
or absence of menarche within 5 years of pubertal onset [15,
16]. Parenthetically, males present far more often for evalua-
tion of delayed puberty, but it has been suggested that this is
in part due to a referral bias [17, 18].

Key Points to the Diagnosis

There is a wide range of conditions that can present with a
delay in puberty [17], which requires a systematic tapered
approach fundamental to the diagnostic process. In consider-
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ing a patient with delayed puberty, the most important initial
assessment is the gonadotropin status. Disorders of pubertal
delay can be broadly categorized into hypogonadotropic,
hypergonadotropic, and eugonadotropic hypogonadism
(Table 17.1).

Hypogonadotropic Hypogonadism (HH)

Hypogonadotropic hypogonadism (HH) is the commonest of
the groups in both sexes and includes many pathologic disor-
ders that can be further subdivided into constitutional delay
of growth and puberty (CDGP), functional hypogonado-
tropic hypogonadism (FHH), and permanent hypogonado-
tropic hypogonadism (PHH). This classification can facilitate
the diagnostic process by appropriately directing early evalu-
ation efforts. HH is defined as lack of normal gonadal func-
tion secondary to low or absent gonadotropin secretion. In
this case, the defect can be in the pituitary gland itself, or it
can be related to hypothalamic dysfunction (delayed activa-
tion of the GnRH pulse generator). The delay in puberty can
be either temporary or permanent. Isolated hypogonado-
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Table 17.1 Etiology of delayed puberty

Hypogonadotropic hypogonadism (low LH and FSH)
1. Constitutional delay of growth and puberty (CDGP)
2. Functional hypogonadotropic hypogonadism: Delayed, but
spontaneous, pubertal development
3. Permanent hypogonadotropic hypogonadism:
Hypothalamic and pituitary dysfunction: Isolated gonadotropin
deficiency, panhypopituitarism
Acquired causes: Hypophysitis, Langerhans histiocytosis,
radiation therapy, head trauma, anorchia, testicular torsion,
mumps, chronic disease states including malnutrition, anorexia
nervosa, untreated autoimmune diseases, inflammatory bowel
disease, cystic fibrosis
CNS tumors: Germinoma, optic glioma, oligodendroglioma,
Rathke’s pouch/cleft cyst astrocytoma, pituitary tumor,
craniopharyngioma
Congenital malformation with midline central defect (septo-
optic dysplasia)
Mutations in the PROPI, LHX3, LHX4, SOX2, and HESX1 genes
Mutations in the NROBI, GPR54 genes, GnRH receptor gene
mutations, inactivating mutations of KISSI and KISSI R genes,
loss of function mutations in genes encoding neurokinin B and its
receptor, FGF8, FGFRI, KALI, PROK2, PROKR2, NELF
mutations
Syndromes: Prader-Willi syndrome, coffin-Lowry syndrome,
CHARGE syndrome, Laurence-moon-Biedl syndrome, Gordon
syndrome, Holmes syndrome, and others
Hypergonadotropic hypogonadism (increased LH and FSH)
1. Gonadotropin receptor mutations.
2. FSH-P subunit gene mutation.
3. LH/FSH receptor mutation.
4. Gonadal dysgenesis: Turner syndrome, mixed gonadal
dysgenesis, Klinefelter syndrome.
5. Premature ovarian failure.
6. Resistant ovary syndromes.
7. Gonadal injury/loss: Irradiation, cytotoxic therapy, trauma,
infections, galactosemia, AIS with gonadectomy.
8. Glycoprotein syndrome type 1.
9. Androgen resistance.
Eugonadotropic hypogonadism (normal LH and FSH)
1. Steroidogenic enzyme defects
(a) Cholesterol desmolase complex deficiency (lipoid adrenal
hyperplasia)
(b) 3-p OH-steroid dehydrogenase deficiency
(c) 17 a-hydroxylase deficiency
(d) C17,20-Desmolase deficiency
(e) 17-p OH-steroid oxidoreductase deficiency
(f) 21-hydroxylase deficiency in girls
2. Anatomic abnormalities: Imperforate hymen, vaginal atresia,
vaginal and uterine agenesis (Mayer-Rokitansky-Kiister-Hauser
syndrome)
3. Polycystic ovary syndrome
4. Prolactinoma

tropic hypogonadism is diagnosed if there is no evidence of
puberty by the age of 18 years [1].

Evaluation: In addition to low or absent LH/FSH, sex ste-
roid concentrations will be in the pre-pubertal range, and
bone age is typically delayed. Serum concentrations of adre-
nal androgens may be normal.

Constitutional Delay of Growth and Puberty
(CDGP)

Constitutional delay of growth and puberty is the most
common cause of delayed puberty, especially in males
(65% of boys and 30% of girls with delayed puberty) [17].
It is a benign variant of normal growth and development
and is, notably, a diagnosis of exclusion. Typically, a child
will be normal size at birth and in infancy. At some point in
early childhood, a decrease in growth velocity (GV) begets
a decline in height centile for age. Normal growth then
resumes with the child growing at an age-appropriate GV
and at a consistent but low height percentile for age. This
represents a global delay in biologic maturity affecting
puberty and bone maturation. Height is usually appropriate
for genetic potential when plotted for bone age. Often,
there is a family history of “late bloomers” in the family
history of delayed puberty in the patient’s parents or sib-
lings (77%) [19]. Pedigree studies show that children with
CDGP are mainly autosomal dominant with variable pene-
trance [20]. They exhibit a relatively normal pre-pubertal
growth velocity and protracted pre-pubertal growth nadir.
The discordance in height vs. peers is exacerbated by a
relatively lower growth velocity compared to peers who are
undergoing a pubertal growth spurt. The growth velocity
and height, however, should remain normal for bone age
and pubertal stage. After HPG axis maturation, secondary
sexual characteristics appear in their natural sequence with
normal secondary sexual characteristics development. In
93% of cases, spontaneous pubertal maturation occurs by
18 years and has an excellent height phenotype. In some
cases, the constitutional delay of puberty superimposed on
constitutional short stature and final height may be shorter
than genetic potential [21].

Diagnosis of this common condition is ultimately a matter
of watchful waiting with close monitoring of growth and
development. However, judicious evaluation to rule out other
conditions and support the likelihood of CDGP is important.
Clustering of CDGP has been clearly established [17, 19],
and the pericentromeric region of chromosome 2 harbors a
gene predisposing to pubertal delay [19]. Growth charts, if
available, should be reviewed to demonstrate typical CDGP
pattern. In CDGP, both adrenarche and gonadal enlargement
occur later than average. In isolated hypogonadotropic hypo-
gonadism (IHH), there is dissociation of adrenarche and
gonadarche, with adrenarche occurring at normal age [17,
22]. GV and serum somatomedin-c (IGF1) should be moni-
tored and remain normal for pubertal status.

Evaluation: Patients can have low/normal serum gonad-
otropins and a delayed bone age. Even though
gonadotropin-releasing hormone (GnRH) agonist stimula-
tion testing is often ambiguous in differentiating CDGP
and permanent HH [23], a positive response to GnRH
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agonist is suggestive of CDGP. To date, no single lab test
or hormone stimulation protocol has the sensitivity and
specificity to confirm this diagnosis. Response to sex ste-
roid replacement therapy, which will often trigger activa-
tion of the HPG axis in CDGP but not permanent HH, may
aid in the diagnosis. Baseline, morning testosterone con-
centration of >20 ng/dl suggests the appearance of puber-
tal signs within 12-15 months [24]. A very low basal
serum FSH (<0.2 IU/L by ICMA and < 1.0 U/L by IFMA)
infers permanent HH [25, 26]. Serum inhibin B (INHB)
measurement will help to discriminate permanent HH
from CDGP. INHB is produced by Sertoli cells upon FSH
stimulation and is a reflection of Sertoli cell integrity [27].
A baseline INHB concentration of >35 pg/ml is highly
suggestive of CDGP [27].

Functional Hypogonadotropic Hypogonadism
(FHH)

Functional hypogonadotropic hypogonadism represents
another form of temporary, reversible HH. It accounts for
about 20% of children with delayed puberty [17]. Within this
category is a broad range of pathology that highlights the
complexity of the HPG axis and the diverse factors that must
coordinate to initiate puberty. The most common diagnoses
are related to chronic or underlying illnesses, such as hypo-
thyroidism, cystic fibrosis, Crohn’s disease, inflammatory
disorders that produce cytokines, immunosuppression seen
in perinatally HIV-infected children, and chronic renal fail-
ure [17, 28, 29]. The mechanism of pubertal delay in the case
of underlying illness is thought to be manifold, involving a
combination of factors that include, but not limited to, under-
nutrition, stress, and medications such as corticosteroids
resulting in abnormal gonadotropin secretion [28]. The
implicated genetic variations are in genes that have been
associated with idiopathic hypogonadotropic hypogonadism
[30]. As aforementioned, a common cause of FHH is malnu-
trition, as seen in anorexia nervosa or intense exercise result-
ing in HPG dysfunction. The connection between weight,
especially body fat mass and puberty, has been extensively
studied [7, 31, 32]. On the other extreme, bulk training exer-
cises, especially in sports like boxing and wrestling, may
also lead to transient interruption in puberty.

Evaluation: A thorough and detailed history may disclose
systemic complaints, eccentric eating habits, or an obsession
with exercise and weight loss. Physical exam may be reveal-
ing at times: weight and BMI will typically be low for age,
and erosion of dental enamel, lanugo hair, and callused
knuckles may suggest eating disorders. Elevated sedimenta-
tion rate and/or other inflammatory markers may be detected.
Further evaluation depends on general clinical picture.

Isolated Gonadotropin Deficiency

Isolated GnRH deficiency resulting in low or inappropriately
normal gonadotropins and absent or incomplete puberty
could be associated with abnormalities in craniofacial, skel-
etal, neurologic, renal, and olfactory systems. This could be
due to molecular defects that alter the regulation of GnRH
release, GnRH neurons, the action of GnRH or gonadotro-
pins, or both GnRH and gonadotropins. Rare sequence vari-
ants (RSVs) in genes involved in GnRH neuronal migration
(FGFS8, FGFRI, KALI, PROK2, PROKR2, and NELF),
secretion (GNRH1, GPR54, TAC3, and TACR3), and recep-
tivity (GNRHR) have been reported to contribute to GnRH
deficiency in both men and women [33-35].

Kallmann syndrome (KS) is a well-known cause of
gonadotropin deficiency due to abnormalities in the KALI
gene and is inherited as X-linked dominant or autosomal
recessive disorder [33, 36]. This condition is caused by
abnormal migration of embryonic GnRH and olfactory neu-
ronal cells to the hypothalamus, resulting in HH and anosmia
or hyposmia.

FGFR1 mutations are autosomal dominant and are often
associated with cleft lip/cleft palate, syndactyly, or skeletal
abnormalities. Other cases of permanent isolated HH have
historically been referred to as idiopathic HH (IHH). More
recently, several genetic mutations have been reported in
some of these cases.

Multiple GnRH receptor mutations causing GnRH insen-
sitivity and G protein-coupled receptor 54 mutations causing
impaired gonadotropin secretion have been identified [36].
At the time of puberty, the affected patients may have adre-
narche — some pubic hair may be there, but little or no breast
development or axillary hair and present with primary
amenorrhea.

HH is reported in leptin deficiency and puberty can be
induced by recombinant leptin [8]. HH has also been reported
in DAX1 mutations. DAX1 is a nuclear receptor protein
encoded by the NROBI and associated with X-linked con-
genital adrenal hypoplasia and HH, secondary to attenuated
production of gonadotropins by the pituitary [37].

A reversible form of congenital GnRH deficiency also has
been identified where the activation of the GnRH-
gonadotropins axis is markedly delayed, yet the affected sub-
ject undergoes a sustained reversal of hypogonadotropism by
the age of 18 [38].

A few neurological conditions are also known to be asso-
ciated with delayed puberty. The 4H syndrome is caused by
mutations in POLR3A/B and causes myelination defects
(hypomyelination), hypodontia, and hypogonadotropic
hypogonadism [39]. Gordon Holmes syndrome is associated
with RNF216, OTUD4, and PNPLA6 mutations and pres-
ents as HH and ataxia [40]. A syndrome complex of polyneu-
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ropathy, endocrinopathies, and HH has been studied in
children with DMXL2 mutation. Warburg Micro syndrome
may be associated with ocular and neurodevelopmental
issues and HH due to mutations in the RAB2GAP1 dysregu-
lation of the RAB cycle.

Evaluation: In all cases of isolated HH, other pituitary
hormones should be assessed to confirm that the defect is
truly isolated to gonadotropin secretion. In KS there is often
associated decreased olfaction, synkinesia (mirror move-
ments), sensorineural deafness, unilateral renal agenesis, and
pes cavus. Brain MRI with contrast imaging in cases of KS
may show aplasia/hypoplasia of olfactory bulb and sulci.
Some patients with isolated HH will have a positive family
history, but most cases are sporadic. Genetic testing for asso-
ciated mutations is possible, but frequently not diagnostic
insofar as the majority of isolated HH is idiopathic, that is,
not associated with identified genetic abnormalities [2]. It
can be particularly challenging to differentiate between CD
and isolated HH. Definitive diagnosis of GnRH deficiency
cannot be established before 18 years.

Multiple Pituitary Hormone Deficiencies

Hypogonadotropic hypogonadism as part of a constellation
of multiple pituitary hormone deficiencies (MPHDs) can
occur in the setting of central nervous system (CNS) tumors
(i.e., craniopharyngioma, germinoma, hypothalamic gli-
oma, prolactinoma), non-tumoral lesions (i.e., histiocytosis,
granuloma, hydrocephalus, vascular lesions, dermoid and
epidermoid cysts), cerebral dysgenesis, CNS trauma or
infection, and destructive medical therapies such as radia-
tion therapy. Genetic mutations, including defects in tran-
scription factors involved in pituitary formation such as
PROPI1, HESX1, LHX3 and LHX4, and SOX2, have also
been incriminated [36].

In children, craniopharyngiomas are the predominant
cause of permanent HH [17]. They are benign tumors that
arise in the suprasellar region of the brain and may cause
symptoms related to increased intracranial pressure and/or
pituitary gland and optic nerve dysfunction [41]. Growth
hormone deficiency is the most common endocrinologic dis-
order, but all pituitary hormones can be affected, and most
adolescents presenting with these tumors will have delay in
puberty [42]. Surgery and radiation therapy may further
damage pituitary and hypothalamic function leading to per-
manent hormone deficiencies. Depending on dose and ana-
tomical location, intracranial radiation therapy, in particular,
causes irreversible damage to the hypothalamic-pituitary
axis. It usually affects the hypothalamus to a greater extent
than the pituitary gland; precocious puberty is more common
than delayed puberty [43].

Septo-optic dysplasia (SOD) with midline cerebral dys-
genesis can cause pubertal delay. It is characterized by con-
genital absence of the septum pellucidum, bilateral optic
nerve hypoplasia, and hypopituitarism. There is significant
variability in the severity of affected children but typically
involves visual impairment and pituitary hormone deficiency
with radiologic abnormalities of the septum pellucidum or
corpus callosum. It is occasionally associated with HESX1
gene mutations [44]. The FGF8 mutation has been associ-
ated with Moebius syndrome and septo-optic dysplasia as
well.

Histiocytosis X is a condition that usually presents with
diabetes insipidus but may also present with multiple pitu-
itary hormone abnormalities leading to pubertal delay.

Evaluation: In any case of MPHD, laboratory assessment
of thyroid function, adrenal function, growth, and electrolyte
balance is indicated. Physical exam should include a thor-
ough neurologic examination. A careful history should
include review of past or recent head trauma, CNS infection,
or intracranial radiation therapy. A review of systems should
be performed with particular attention to visual change,
headache, vomiting, fever, polyuria, polydipsia, poor growth,
and salt craving. In most cases of MPHD, brain and pituitary
imaging is a requisite, and, if SOD is considered, an ophthal-
mologic exam is a requisite to evaluate optic nerves and
vision. Genetic testing is not indicated in all patients, but for
those with a family history of MPHD and specific radio-
graphic findings, targeted testing for specific mutations may
be indicated [45].

Genetic Syndromes

There are several congenital syndromes that have HH as one
of the primary findings. The most well-known syndrome is
Prader-Willi syndrome (PWS). It is caused by loss of
imprinted genetic material from the paternally derived chro-
mosome 15. In addition to HH, it is marked by neonatal
hypotonia, feeding problems in infancy, obesity, hyperpha-
gia, developmental delay, small hands/feet, and short stature.
It is usually sporadic.

CHARGE syndrome is another common syndromic cause
of HH [17]. This acronym stands for coloboma, heart defects,
choanal atresia, impaired growth and development, genital
hypoplasia, and ear abnormalities and/ or hearing loss.

Mutations in the CHD7 gene have recently been identi-
fied in approximately 2/3 of affected patients [46], and it has
been suggested that the developmental abnormality causing
HH in this condition may be similar to that seen in KS [47].
It can be an autosomal dominant mutation, but most cases
are sporadic. Bardet-Biedl syndrome also includes HH as a
primary feature. Other manifestations of this rare, autosomal
recessive condition include rod-cone dystrophy, obesity,
renal dysfunction, developmental delay, and postaxial
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polydactyly. Rud syndrome is also characterized by ichthyo-
sis, HH, and epilepsy. Alstrom syndrome, associated with
cardiomyopathy and cone rod abnormalities, and Bloom
syndrome are other syndromes associated with HH.

The presence of other dysmorphic characteristics associ-
ated with a syndrome in addition to HH warrants further
evaluation. For PWS, genetic testing, preferably with DNA-
based methylation testing [48]. CHARGE and Bardet-Biedl
syndromes are both diagnosed clinically. CHARGE syn-
drome diagnosis is based on major and minor criteria, but
genetic testing for CHD7 mutation is available. Similarly,
there is genetic testing for 14 associated genetic mutations
for Bardet-Biedl, but the diagnosis is based on the presence
of primary and secondary phenotypic features [49].

Hypergonadotropic Hypogonadism (HHG)

Hypergonadotropic hypogonadism (HHG) causes delayed
puberty due to primary gonadal failure. By definition, these
disorders have elevated levels of gonadotropins without con-
comitant increase in sex steroid concentrations and without
signs of pubertal maturation. Within this category lie primar-
ily disorders of gonadal dysgenesis and gonadal injury.

Gonadal Dysgenesis

Gonadal dysgenesis is the most common cause of hypergo-
nadotropic hypogonadism in children [17]. It is usually
related to chromosomal abnormalities, and hence chromo-
somal analysis is fundamental in the evaluation of children
with HHG. In females, Turner’s syndrome (TS) is a condi-
tion of X-monosomy (45, X) or structural abnormalities of
an X chromosome. Mosaicism is common (50% may have
45X/mosaic karyotype). Girls have short stature and lack of
normal pubertal development secondary to streak ovaries
and premature ovarian failure. The degree of pubertal matu-
ration is variable with occasional spontaneous menarche and
rare fertility [50]. Other characteristics include heart and
renal abnormalities, webbed neck, and broad chest. Mixed
gonadal dysgenesis (MGD) can also occur similarly with
X-monosomy/XY mosaicism. This protean genetic disorder
can range in phenotypic presentation depending on degree of
mosaicism, from phenotypic female to phenotypic male.
Klinefelter syndrome is a chromosomal abnormality found
in males presenting with delayed puberty. In this case the
underlying karyotype is 47-XXY. Along with HHG, this con-
dition is characterized by tall stature; gynecomastia; small,
firm, fibrotic testes; decreased upper to lower segment body
ratio; and learning disabilities. Klinefelter is typically charac-
terized by declining inhibin B and AMH levels due to Sertoli
cell dysfunction. Other less prevalent disorders of gonadal

dysgenesis in 46XY karyotype are Swyer syndrome (46XY,
streak gonads), Drash syndrome, Frasier syndrome, mutations
of SOX-9, DAX1 with duplication of Xp21, and mutations in
the SF1 [16]. 46,XX males, who may be SRY positive or nega-
tive, can present with hypergonadotropic hypogonadism,
small testes, and normal-appearing external genitalia at birth.

Disorders of Sex Development

Certain disorders of sex development can present as hyper-
gonadotropic hypogonadism. For example, children with
AIS or 5-alpha reductase deficiency (5-ARD) are genetically
XY but are often raised female because of ambiguous or
female external genitalia. They may present with pubertal
delay or primary amenorrhea when there is a failure to prog-
ress through normal female puberty.

Rare cases of gonadotropin receptor mutations (LH/FSH
receptor mutation in XX females) with normal breast devel-
opment, primary or secondary amenorrhea, elevated serum
LH/ FSH [depending on mutation of LH/FSH receptor], low
estradiol level, and infertility have been reported. LH recep-
tor mutation (homozygous or compound heterozygous inac-
tivating mutations of the LH receptor) in XY males presents
with male pseudohermaphroditism — female external genita-
lia/micropenis, absence of Miillerian structures, Leydig cell
hypoplasia, lack of breast development, or hypergonado-
tropic hypogonadism [15, 51, 52].

FSH-p subunit gene mutation presents with delayed
puberty, primary amenorrhea, elevated LH, and low or unde-
tectable FSH [53, 54]. FSH receptor mutation presents with
primary gonadal failure and HHG in females [53]. FSH is
required for follicular development and ovarian androgen
and estrogen synthesis in females. Males present with oligo-
spermia but are fertile as FSH is not necessary for spermato-
genesis [54].

Recently, mutations in the HAX1 gene have been impli-
cated as important in gonadal development and may present
as premature ovarian failure in girls.

Gonadal Injury or Loss

Hypergonadotropic hypogonadism also occurs in children
who have suffered gonadal damage. Some causes are iatro-
genic (i.e., surgery, radiation, chemotherapy), environmental
factors, viral infections, metabolic and autoimmune diseases,
and genetic alterations. Gonadal tissue is particularly sensi-
tive to radiation damage but can also be affected by many
chemotherapeutic agents [17]. Testicular tissue is more sen-
sitive to damage by these cytotoxic therapies compared to
ovarian tissue, and in all cases the risk is agent and dose
dependent [55].
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Gonadal tissue can also be injured by a wide spectrum of
other processes, including trauma, infarction, and infection.
In addition, certain disease processes can affect gonadal tis-
sue and lead to pubertal dysfunction and infertility.
Autoimmune polyendocrine syndrome type 1 (APS 1), for
example, is associated with autoimmune-induced damage to
gonadal tissue. Gonadal failure is much more common in
females with this disorder, and there is correlation between
SCC autoantibodies and ovarian failure in women with APS1
[56]. Galactosemia is also associated with HHG in female
patients, especially those for whom treatment was delayed. It
is thought that this is caused by cellular galactose toxicity
occurring very early in life [57].

Complete loss of gonadal tissue can also present with
delayed puberty. There are several indications for gonadec-
tomy in the prevention and treatment of malignancy, includ-
ing mixed gonadal dysgenesis and selective cases of
androgen insensitivity syndrome (AILS) [58]. Additionally,
anorchia is a male condition in which testes form normally in
utero, as evidenced by normal male genitalia, but are absent
at the time of birth, indicating loss sometime after the 14th
week gestational age. The cause is unknown. “Resistant
ovary syndrome” is a condition due to abnormalities in
gonadotropin receptors or antibodies to these receptors seen
in 46,XX karyotypes, typically presenting with sexual imma-
turity and primary amenorrhea and small ovaries with pri-
mordial ~ follicles  despite  elevated  gonadotropin
concentrations [59, 60].

Evaluation of Hypergonadotropic Hypogonadism: A
careful history should disclose past surgeries, exposure to
chemotherapy (especially of alkylating agents) or radia-
tion, gonadal trauma or testicular torsion, prior episodes of
orchitis, and the presence of other medical problems,
including sickle cell disease, galactosemia, and autoim-
mune illnesses (especially hypoparathyroidism and
Addison’s disease). If autoimmunity is suspected, certain
autoantibodies associated with APS1 can be measured with
those against 21-hydroxylase being the most common. If
an undiagnosed underlying process is suspected based on
history or physical examination, further evaluation should
be tailored specifically as needed. Ultrasound examination
of abdominal gonads and/or chromosomal analysis is often
warranted.

Eugonadotropic Hypogonadism (EH)

There are several conditions that can present with normal,
pubertal gonadotropin levels with delayed or abnormal
pubertal progression. Hormonal imbalances, for example,
can cause failure to mature appropriately despite normal
gonadotropin levels. Females with polycystic ovarian syn-
drome (PCOS) can undergo puberty appropriately but fail

to proceed to menarche. These girls, usually obese, have
normal reproductive anatomy and secondary sex character-
istics but may have signs of insulin resistance and hyperan-
drogenism including severe acne or hirsutism.
Hyperprolactinemia can also present with hypogonadism.
Males will often have gynecomastia and females can have
galactorrhea. The most common cause of elevated prolactin
levels is prolactinoma.

Anatomic abnormalities are another cause of delayed
puberty. Vaginal outflow obstruction such as imperforate
hymen can prevent menstrual outflow, a so-called pseudo-
primary amenorrhea. Miillerian duct anomalies (MDAs) are
another type of anatomic abnormality that can present with
primary amenorrhea. MDAs are classified according to level
and degree of malformation. Class 1 represents segmental or
complete agenesis or hypoplasia that can involve any combi-
nation of the vagina, cervix, fundus, and fallopian tubes
(American Fertility Society, 1988) and is referred to as
Miillerian aplasia [61]. Mayer-Rokitansky-Kiister-Hauser
syndrome is associated with uterine and vaginal hypoplasia/
aplasia, where ovaries and fallopian tubes are preserved [16].

Evaluation: A careful physical examination including
assessment of weight, acanthosis, hirsutism, acne, gyneco-
mastia or galactorrhea, neurologic or visual abnormalities,
secondary sex characteristics, and external genitalia is war-
ranted. Laboratory tests should include a serum prolactin. If
PCOS is suspected, an elevated free testosterone level can
strengthen the diagnosis, and a 17-OHP level should be
obtained to rule out nonclassical congenital adrenal hyper-
plasia. Chromosomal analysis is warranted if a disorder of
sex development is entertained. If serum prolactin level is
elevated, an MRI of the brain/pituitary to detect prolacti-
noma is indicated. Abdominal and pelvic ultrasound is often
helpful in EH cases and can identify polycystic ovaries, vagi-
nal obstruction, and the presence of gonads and other inter-
nal reproductive organs.

Diagnostic Tests

Table 17.2 summarizes the diagnostic evaluation. A detailed
history (especially of parental consanguinity, age of puberty
and history of infertility in family members, anosmia, nutri-
tional history, systemic illness), thorough physical examina-
tion (special attention to stature, BMI, accurate sexual
maturity staging/Tanner staging, stigmata of known condi-
tions and systemic illnesses, galactorrhea, etc.), bone age
evaluation, and appropriate laboratory evaluations as indi-
cated (i.e., karyotype, LH, FSH, estradiol/testosterone, other
pituitary hormones, thyroid function and prolactin) will be a
reasonable starting point. The aim of initial evaluation is to
rule out underlying disorders causing delayed puberty. The
assay methodology of serum LH and FSH determination is
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Table 17.2 Diagnostic evaluation of delayed puberty

History

Physical exam (height, BMI, Tanner staging, known stigmata)
Bone age

Baseline LH, FSH, testosterone (boys), estradiol (girls)

TSH, free T4

Hypogonadotropic hypogonadism
Serum inhibin B

Pituitary hormones

Prolactin

LHRH agonist test

HCG stimulation test

MRI

Genetic test

Karyotype/CGH
Pelvic ultrasound
Serum inhibin B

important as values obtained by immunochemiluminometric
assays (ICMA) are less than half of those obtained by
immunofluorometric assays (IFMA) [62]. Serum LH is a
more specific marker of pubertal onset than FSH; the latter is
amore specific marker of primary gonadal failure [62]. Basal
levels of LH and FSH may discriminate between hypo—/
eugonadotropic and hypergonadotropic causes.

A delay in bone age is commonly seen in delayed puberty.
If the bone age is >2 years delayed, the height prediction by
Bayley-Pinneau tables overestimate predicted target height
in CDGP [1, 62]. Karyotype and/or comparative genomic
hybridization is indicated in hypergonadotropic hypogonad-
ism. Pelvic ultrasound (US) in girls will help to delineate the
presence of absence of uterus and ovaries as well as any evi-
dence of stimulation. Brain imaging is also indicated, espe-
cially in cases of hypogonadotropic hypogonadism. Serum
INHB corroborates the functional integrity of the Sertoli
cells. Depending on the clinical and laboratory assessment,
imaging of brain and pelvic ultrasound is indicated. If basal
gonadotropin levels are inconclusive, stimulation tests may
assist in differentiating CDGP vs. HH. However, no single
test has 100% specificity/sensitivity.

Role of stimulation tests If basal gonadotropin levels are
inconclusive, stimulation tests may be helpful in differentiat-
ing CDGP vs. hypogonadotropic hypogonadism (HH).
However, no single test has 100% specificity/sensitivity.

1. GnRH or a GnRH agonist stimulation test: This is the
gold standard for biochemical evaluation of HPG axis
activation determined by the LH response to a classical
GnRH stimulation test. LHRH agonist stimulation test is
more popular due to its wide availability and is also con-
sidered to be more discriminative than provocative LHRH
test [63]. There is a significant overlap in LH and FSH
responses between CDGP and HH patients. Persistence
of low basal or GnRH agonist stimulated LH and FSH in
a late teen with a bone age > 12 years may be suggestive

Hypergonadotropic hypogonadism

Eugonadotropic hypogonadism
Pelvic ultrasound

Serum prolactin

17-OH progesterone

Free testosterone

of defective gonadotropin secretion. A positive response
(i.e., predominant LH response over FSH response or
peak LH >5 IU/L by ICMA and > 8 by IFMA) is more
consistent with CDGP. In primary ovarian failure in
which the gonadotropin levels are only mildly elevated, a
GnRH agonist stimulation will reveal partial gonadal
failure.

A variety of hormone stimulation protocols exist, but
an often used one is leuprolide acetate injection 20mcg/kg
(maximum 500mcg) administered subcutaneously. Draw
blood levels for FSH, LH, and estradiol/testosterone.
Some institutions use blood draws at 0 hour, 30 minutes,
and 60 minutes. At our institution, blood is sampled at
0 hour, 4 hours, and 24 hours. If the HPG axis is acti-
vated, a two- to threefold rise in FSH and LH is observed
with maximal pituitary response of LH >5 IU/L at 4 hours
and maximal gonadal response of estradiol (E2) of
>150 pmol/L (>40.86 pg/ml) and testosterone
>3.15 nmol/L (>90 ng/dl) [64-66].

. Human chorionic gonadotropin (hCG) stimulation test:

Likewise, there are disparate protocols for this test [67—
71]. The protocol commonly used in our institution is
hCG administered intra-muscularly at a dose of
3000 TU/m? once a day for 3 days. Baseline LH, FSH,
testosterone, as well as blood sampling for testosterone
need to be drawn 24 hours after the third injection. An
absolute serum testosterone concentration on day 4 of
>150 ng/dl is normal and < 50 ng/dl in HH.

. Growth hormone stimulation testing: In subjects with

short stature, delayed puberty, poor growth velocity, and
delayed bone age, evaluation of serum IGF1 and provoca-
tive growth hormone testing will be helpful to assess
growth hormone deficiency. If there is significant short
stature to warrant provocative growth hormone testing,
sex steroid priming with estrogen/testosterone is recom-
mended necessarily as this may restore the physiologic
depressed growth hormone secretion associated with low
estrogen levels [1].
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Present and Future Therapies

Inadequate gonadal steroid secretion is the fundamental
basis of delayed puberty.

Therapeutic goals are to develop secondary sex character-
istics, to amass and sustain normal bone development, to
maximize final height, and to restore fertility. Treatment of
delayed puberty is variable and depends on diagnosis.

Observation Most cases of temporary hypogonadism and
EH do not require hormonal treatment to induce puberty.
With GDGP, observation and “watchful waiting” are gener-
ally adequate, but short-term hormone therapy to “jump
start” puberty is sometimes justified to prevent significant
psychological distress, initiate a growth spurt, and/ or acti-
vate the HPG axis.

In functional HH related to exercise, eating disorder, or
chronic illness, the treatment is to improve overall health
and nutrition. In regard to disorders of sex development,
there is significant controversy surrounding the appropriate
time for cosmetic surgery, gonadectomy, and HRT — current
recommendations are complex and beyond the scope of this
review [58].

Hormone replacement therapy (HRT) Permanent HH
and HHG generally require sex steroid HRT to induce
puberty and maintain physiologic hormone levels.
Replacement of other pituitary hormones is also frequently
required, especially in the case of MPHD. When using HRT
to induce puberty, there are several important considerations.
Initiation of therapy must be timed appropriately to balance
the benefits of developing according to population and phys-
iologic norms with risk of premature epiphyseal closure and
attenuated final adult height. Studies on boys with CDGP
and girls with TS have shown that initiation of hormone ther-
apy at very low doses after around 14 years of age in boys or
12 years in girls has no significant negative impact on final
adult height while simultaneously promoting a natural emer-
gence in the development of secondary sex characteristics
[72-75]. In girls with any type of hypogonadism, HRT is the
best treatment option as this will result in adequate develop-
ment of secondary sex characteristics as well as that of the
uterus.

Estrogen therapy to induce female puberty is typically
initiated with transdermal preparations of 17p-estradiol
given the very low doses of hormone replacement that is
required. Typically treatment starts with using half of the
lowest dose patch with 3.1-6.2 pg daily (1/8—1/4 of the 25 ng
patch) and increased gradually by 3.1-6.2 pg daily every
6 months [1] over the next 2 years to an adult dose of 100-
200ug daily to mimic physiologic levels seen in puberty.
Estradiol (E2) levels can be monitored to ensure appropriate

dosing. On the other hand, HRT that is provided too rapidly
tends to promote unnatural development, including breast
growth that occurs disproportionately in the nipple and are-
ola [76]. Once full E2 dosing is reached and breast matura-
tion is almost complete, cyclic oral progesterone at normal
adult dose is added every 1-3 months to induce menstrua-
tion, a necessity to decrease the risk of uterine cancer. Once
menstruation has been established, contraception prepara-
tions can be used for HRT depending on patient preference
[77]. In cases of HH in which permanent hypogonadism has
not been confirmed, brief trials off HRT can be attempted
once regular cycles occur in order to assess for activation of
the HPG axis. If transdermal preparations are unavailable,
HRT may be initiated with conjugated estrogens (Premarin®)
0.1625 mg daily, increase every 3—6 months to 0.325 mg
daily or ethinylestradiol 2 pg daily and increase every
3—-6 months up to 10 pg daily.

Initial therapy is with estrogen alone to maximize breast
growth and to induce uterine and endometrial proliferation.
Adding a progestin prematurely or administering combina-
tions of estrogens and progestins early on may reduce ulti-
mate breast size. Progestin is added to mimic the normal
menstrual cycle after breast growth ceases (when full con-
tour breast growth plateaus) or menses occur. Once menstru-
ation established with cyclic hormone treatment, discontinue
intermittently for 1-3-month periods to determine if sponta-
neous menstruation occurs (in girls with CD and FHH). In
permanent hypogonadism, OCP should be continued till the
average age of menopause, ~50 years.

Testosterone therapy to initiate male puberty is generally
started at 50 mg of depot testosterone as intramuscular injec-
tion once monthly for 3—-6 months [1]. This will result in
pubertal activation in CDG P [38]. If testes do not grow and
reach a volume of 4 ml within 1 year of treatment, it is highly
likely that the patient will not develop puberty spontaneously
(most likely, not CGDP). In that scenario, treatment may be
discontinued for 3 months, and HPG axis activation may be
re-evaluated. Subsequently, testosterone is increased to
100 mg per month with 25-50 mg increment in dose for
approximately 18 months to complete the growth spurt (dos-
ing should increase gradually to mimic physiologic puberty
and prevent accelerated bone maturation). After growth is
complete, further increase in dose can be made to 100 mg
twice monthly. Testosterone levels and, in the case of hyper-
gonadotropic hypogonadism, LH levels should be monitored
and used to adjust dose up to a maximum adult dose of
200 mg twice monthly as needed to achieve serum concen-
trations in the normal range. Thereafter, the increment of tes-
tosterone is 250 mg, every 3—4 weeks. It has to be kept in
mind that HRT in males only result in virilization without
testicular development. Oral testosterone preparations
provide less consistent serum testosterone levels, and there is



182

C.Colvinetal.

a risk for hepatic damage or carcinogenesis. Testosterone
topical products, nasal spray, and gels, frequently used in
adults, are not well studied in children.

Pulsatile GnRH or gonadotropin therapy Patients with
permanent hypogonadism can occasionally achieve fertility
through treatment with gonadotropin or GnRH-based thera-
pies and should be referred to reproductive endocrinology as
needed. When fertility is desired, treat with either exogenous
gonadotropins or pulsatile GnRH. Pulsatile administration of
exogenous GnRH is effective therapy for stimulation of
endogenous gonadotropin secretion, follicular development,
and ovulation in women with GnRH deficiency. Mutations in
the GPR54 (encoding the kisspeptin receptor, also known as
KISS1R) reportedly can be corrected by the administration
of GnRH [5, 36]. In male hypogonadotropic hypogonadism,
GnRH treatment will promote a physiologic puberty with
testicular development, virilization, and spermatogenesis.
When spermatogenesis is achieved, maintenance therapy
consists of subcutaneous hCG injections once or twice a
week [15].

Human chorionic gonadotropin (hCG) HCG has been
used to treat subjects with permanent HH. A typical starting
dose of 500 IU is administered subcutaneously on Mondays,
Wednesdays, and Fridays. Dilute the 10,000-unit vial of
powder with 5 mL of diluent for a 2000 unit/mL concentra-
tion. Obtain serum testosterone measurement in 1 month on
a Monday prior to an injection. If the testosterone is <200 ng/
dL, increase the dose to 1000 units subcutaneously, up to a
maximum dose of 1500 IU (on M-W-F) and repeat a “trough”
testosterone in another month. The hCG treatment will result
in testicular enlargement, testosterone production, Sertoli
cell maturation, and spermatogenesis and thus offers better
chances of future fertility.

Leptin has been used in the management of amenorrhea
in adults, but there is no pediatric data available. Other treat-
ment options such as combination of hMG/hCG or recombi-
nant FSH/hCG [15] that are used in the management of
hypogonadotropic males for fertility are beyond the scope of
this chapter.

Future Therapies

Although current treatment of delayed puberty centers
revolves around replacement of sex steroid hormones,
advances in the identification of genetic mutations that
underlie HH promise to increase our understanding of the
physiology behind pubertal initiation [78]. This information
could result in the development of improved targeted thera-
pies and allow for normal pubertal progression. A potential

future therapeutic agent for treatment of delayed puberty is
agonists of kisspeptin peptides and neurokinin B agonists. In
boys with CDGP and short stature, a potential therapeutic
approach is aromatase inhibition, which may increase the
final adult height [1, 79]. The treatments targeted to preserve
future fertility such as cryopreservation of ovarian fragments
prior to anticipated ovarian failure secondary to gonadotoxic
treatment [10] and pulsatile hCG treatment for HH are not
discussed in this chapter.
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