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Preface

It has been estimated that about one in three men is affected by reproductive and 
sexual disorders, with variable percentages depending on age and countries. Many 
of the andrological diseases that occur in adulthood originate before the age of 18 
and sometimes even during gestation and neonatal age.

Diagnosing and treating andrological disorders early is crucial, especially 
because some conditions raised during pediatric age and if they are not promptly 
recognized, they are managed with greater difficulty by the adult endocrinologist or 
andrologist. Pediatric and adolescent male subjects could suffer from reproductive 
and sexual problems, especially cryptorchidism, varicocele, hypogonadism, testicu-
lar hypotrophy, congenital anomalies of the genitourinary tract, and sexually trans-
mitted infections. The prevention of this type of disorders should start early, during 
the childhood and even in pregnancy. It is of extreme importance the identification 
of early risk factors involved in their development. The male reproductive system is 
extremely susceptible to external insults during gestational period, after birth and up 
to puberty. Puberty is a central transitional time between childhood and adulthood, 
incorporating many physical and psychological changes. The pediatrician and other 
professionals involved have a pivotal role in the prevention and early diagnosis of 
male reproductive pathologies with considerable benefits for the community. In 
fact, it is estimated that prevention and appropriate information to young patients 
and their parents could lower the incidence of some disorders.

Despite the latest remarkable advances in modern medicine, andrological health 
is still a poorly addressed issue for many historical and cultural reasons. In some 
countries, prevention and early diagnosis in andrology have been neglected for far 
too long and this has contributed to increase the incidence and prevalence of dis-
eases that are otherwise easy to prevent and treat if diagnosed early. Many young 
people are not correctly followed up by a specialized physicians during their physi-
cal, psychosexual, and emotional development. Therefore, diagnoses are often 
delayed, leading to a worsen patient’s prognosis.

This book provides a comprehensive, state-of-the-art overview of the main 
andrological disorders during childhood and adolescence. The book also addresses 
the basic knowledge on the genetics and physiology of male reproductive system, 
the main involved risk factors together with a practical guide for diagnosis and 
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clinical management. Written by respected and recognized experts in the field, this 
book is intended to provide a major reference work not only for pediatricians but 
also for endocrinologists, andrologists, urologists, and adult sexologists who may 
also treat children and adolescents, as well as for basic and clinical scientists.

Padova, Italy Carlo Foresta
Roma, Italy Daniele Gianfrilli

Preface
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Genetics and Alterations 
in the Development of Male 
Reproductive System: Diagnosis 
and Clinical Management

Csilla Krausz and Viktoria Rosta

1.1  Physiology of Male Sex Determination 
and Sexual Differentiation

Humans are born with 46 chromosomes, including 22 pairs of autosomes and 1 pair 
of gonosomes. Sex chromosomes can be X or Y, to specify which sexual determina-
tion pathway will be initiated. Generally, most women have 46,XX karyotype and 
most men 46,XY, but there are a few exceptions, which involve the sex monosomies 
(45,X0 or 45,Y0), the sex polysomies (i.e., 47,XXX, 47,XYY, or 47,XXY), translo-
cations, rearrangements of chromosomes, or mutations of different genes.

Sex determination is regulated by the temporospatial expression of many differ-
ent genes with critical dosage effects. Gonadal development is a particularly com-
plex process, involving many genetically regulated, well-synchronized 
developmental steps, to balance opposing signals and to equilibrate cell prolifera-
tion and apoptosis.

Gonadal development starts in the fetal life, around the fourth gestation week, 
with the formation of the undifferentiated urogenital ridges, containing two differ-
ent duct systems at the same time, the mesonephric (Wolffian) and the parameso-
nephric (Müllerian) ducts (Fig.  1.1). They are developed from the intermediate 
mesoderm, and a week later, they are colonized by primordial germ cells. Genes 
involved in the formation of bi-potential gonads belong to two groups: homeobox 
genes and transcriptional factors.

While the expression patterns of genes in the undifferentiated stage of gonadal 
development are the same in male and female, starting from the 41st gestational day, 
the gene expression profile will radically change in the two sexes.

C. Krausz (*) · V. Rosta 
Department of Experimental and Clinical Biomedical Sciences “Mario Serio”, University of 
Florence, Florence, Italy
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In fact, the presence/absence of the Y chromosome-linked Sex Determining 
gene on Y (SRY ) gene will determine the fate of the bi-potential gonadal precur-
sors, i.e., to become either testes or ovaries. SRY, which contains 1 single exon, 
conserves 79 amino acid domains with similarities to a type of DNA-binding 
domain, the so- called high-mobility group (HMG) box. Apart from SRY, the 
HMG box containing protein family (SOX) involves other 20 transcription 
factors.

The first step of male gonadal development is linked to the upregulation of SRY 
expression. The exact mechanism by which the upregulation occurs is still not fully 
clarified, but a number of factors have been identified as modulators of the SRY 
expression. Among them, some are affecting the SRY expression positively, and 
some negatively. A positive regulator is the Wilms tumor 1 (WT1) protein and spe-
cifically its isoform WT1(KTS +), i.e., the protein containing three amino acids, 
Lys-Thr-Ser (KTS). This gene encodes a transcription factor that takes part in cel-
lular development and cell survival and is also considered as a tumor suppressor. 
The transcripts of WT1 are expressed in the primordial gonads and subsequently in 
the Sertoli cells of the testicles or in the granulosa and epithelial cells of the ovary. 
WT1 is expressed in the same cell lineage, before, during, and after SRY expression. 
This protein has several isoforms, and one of them plays a role in the undifferenti-
ated gonad, whereas the other is essential for testis determination. The two isoforms 
are the results of alternative splicing at the end of exon 9, and they only differ by the 
absence (-KTS) or presence (+KTS) of three amino acids. The +KTS isoform 
upregulates SRY expression through its binding to SRY mRNA, functioning as a 
post-transcriptional stabilizer. Other positive transcription factors are the GATA4 
with a co-factor, termed as Friend of GATA2 (FOG2), and the MAP3K4 gene, mem-
ber of the mitogen-activated protein kinase (MAPK) pathway. MAP3K4 pathway 
regulates the phosphorylation of GATA4 and allows its binding to the SRY promoter 
with subsequent stimulation of SRY. Steroidogenic factor 1 (SF-1; alias NR5A1) is 
known as a pivotal gene with multiple functions. It acts as an early modifier of the 
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expression of several genes required for the initiation and the maintenance of the 
male determination and differentiation pathways. In addition, it also takes part in 
the regulation of the hypothalamic-pituitary axis.

In the past, the female sex determination was supposed to be the default pathway 
in the absence of SRY. Several evidences indicate the existence of ovary-specific 
genes and pathways. These genes (WNT4, RSPO1, β-catenin, FOXL2) are also act-
ing as negative modifiers of SRY expression.

Following the concerted action of positive modifiers of the SRY male-specific 
gene expression cascade, the testis determination starts. SRY signaling in the bi- 
potential gonad acts as an initiator of pre-Sertoli cell differentiation and seminifer-
ous tubule formation through the activation of SRY-Box 9 (SOX9). This gene is a key 
pro-testis gene for the development of the normal male gonad. SOX9 is expressed at 
low levels in both female and male sex, and its upregulation starts immediately with 
SRY expression in Sertoli cells. Sertoli cells are crucial for physiological testis 
development and for the subsequent Leydig cell differentiation, which are cells pro-
ducing an essential male hormone, testosterone. After SRY-induced expression of 
SOX9, this protein keeps up its own expression due to autoregulation and positive 
feedback loops with fibroblast growth factor 9 (FGF9), which activates FGF recep-
tor 2 (FGFR2), and prostaglandin D2 (PGD2), encoded by PTGDS. SOX9 directly 
inhibits β-catenin and indirectly, through FGF9 which inhibits another female- 
specific gene, WNT4. Additional sex determination gene in human, which activates 
SOX9, SOX8, and PTGSD and inhibits the ovary-promoting genes, is the doublesex 
gene in Drosophila and Mab3-related transcription factor 1 (DMRT1). One of the 
most important negative modifiers of SOX9 expression is the nuclear receptor 
DSSAHC critical region on the X chromosome 1 (DAX1, alias NR0B1) gene. It is 
predicted that yet unknown genes and co-factors contribute to the regulation 
of SOX9.

In conclusion, during sex determination, a complex interplay occurs between 
female and male fates, through a series of opposing feedback loops. Among them, 
the most crucial antagonism is between the SRY/SOX9/FGF9 and WNT4/RSPO1/β- -
catenin signaling pathways [1].

Sex determination is followed by sexual differentiation. This process is charac-
terized by sex steroid hormone secretion by the developing gonads, specific to the 
phenotypical sex, leading to the proper differentiation of the internal and external 
genitalia.

Differentiated Sertoli cells produce the anti-Müllerian hormone (AMH), which 
forces the regression of the Müllerian duct, while testosterone produced by Leydig 
cells induces the differentiation of the Wolffian duct derivatives into the epididy-
mis, the vas deference, and the seminal vesicles. Furthermore, testosterone is con-
verted—due to steroidogenic enzymes—into dihydrotestosterone (DHT), which 
is crucial for the normal development of the external genitalia and for virilization. 
The multifunctional NR5A1 stimulates the expression of insulin-like polypeptide 
3 (INSL3) together with maternal hCG and fetal LH.  INSL3 is involved in the 
abdominal phase, whereas testosterone is necessary for the inguinal phase of tes-
tes descent.

1 Genetics and Alterations in the Development of Male Reproductive System…
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1.2  Pathophysiology of Male Sex Determination 
and Sexual Differentiation

According to the Chicago Consensus Statement by Lee et al. (2006, 2016), disor-
ders of sex development (DSD) are defined as congenital conditions within which 
the development of chromosomal, gonadal, or anatomic sex is abnormal [2, 3]. DSD 
can derive from defects in pathways related to sex determination or sex differentia-
tion with a broad phenotypic spectrum.

The phenotypic representation of both 46,XY and 46,XX DSD patients depends 
on the etiology of the disorder and may range from female through male with 
ambiguous genitalia to male with normal virilization. Depending on the karyotype, 
disorders of gonadal development may be associated with testicular DSD (T-DSD), 
ovo-testicular DSD (OT-DSD), and complete/partial gonadal dysgenesis (GD) or be 
part of rare syndromic forms. Disorders related to androgen biosynthesis and action 
can be observed in both 46,XX and 46,XY DSD, whereas persistent Müllerian duct 
syndrome affects 46,XY DSD patients.

1.3  Clinical Manifestations of Mutations in Genes Involved 
in Sex Determination

1.3.1 46,XX Testicular/Ovo-Testicular DSD

The T/OT-DSD phenotype is largely dependent on the etiology of the disease. 
The 46,XX male syndrome—first reported by De la Chapelle et al. in 1964 [4]—
is a rare, heterogeneous clinical condition with an incidence of about 
1:20,000–25,000 male neonates [5]. The majority of 46,XX T-DSD cases are 
SRY+, with completely differentiated male external and internal genitalia in 85% 
of cases. Those who are SRY negative have ambiguous genitalia and poor viril-
ization and OT-DSD. The incidence of OT-DSD is about 1:100,000 births, and 
children are usually reared as male due to the size of the phallus. OT-DSD is 
characterized by the presence of both ovarian and testicular tissues in the same 
gonad or less commonly in different gonads. Since the ovarian portion of OT is 
often functionally normal, breast development at puberty can occur due to fol-
licular growth and estradiol production. Additional phenotypical alterations in 
46,XX DSD are micropenis, hypospadias, cryptorchidism, and gynecomastia, 
due to atypical hormonal signaling. Short stature is a common remark, due to the 
absence of Y chromosome-linked growth control genes (Table 1.2). A constant 
clinical manifestation in these subjects is azoospermia with high FSH value. It is 
due to the lack of Y chromosome-linked AZF regions, where essential genes for 
sperm production are harbored. Depending on the entity of Leydig cell 

C. Krausz and V. Rosta
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dysfunction, testosterone level may range from normal to low, but in the majority 
of cases, LH is high.

 Genes Involved in “Male Pathway”

• Sex Determining gene on Y (SRY )
During paternal meiosis, the translocation of SRY-containing segments of the Y 
chromosome onto the X chromosome is the suggested genetic mechanism lead-
ing to the large majority (in about 90%) of XX male cases. These 46,XX male, 
SRY+ patients have usually small stature, gynecomastia, male external/internal 
genitalia, and decreased testis volume [1].

• SRY-Box genes (SOX )
SRY-negative (SRY–) 46,XX male syndrome can be caused by autosomal gene 
mutations/over-expression, a gain of function in key testicular pathway genes, 
which are causing testis differentiation. Ectopic expression, achieved via dupli-
cation of SOX9, is the most common mechanism in this group of patients. In 
addition, rarely, duplications of SOX3 and SOX10 have also been described 
both in mouse model and in human 46,XX male cases [6]. Both genes present 
high homology with SOX9; hence, the proposed pathogenic mechanism is 
based on their increased expression which mimics SOX9 gene’s function, lead-
ing to the initiation of testis development. These are extremely rare genetic 
defects with a broad phenotypic spectrum. The affected patients may present 
with either normal male external/internal or ambiguous genitalia, with T 
or OT-DSD.

• Fibroblast growth factor 9 (FGF9)
Large duplication of the FGF9 gene has been identified in a 46,XX SRY-negative 
male patient. This gene takes part of the male sex determination pathways; con-
sequently, its increased dosage explains the observed male phenotype in the 
absence of SRY. The affected patient had male external genitalia with hypospa-
dias and small testes [7].

 Genes Involved in  the  “Female Pathway”: R-Spondin 1 (RSPO1) and  Wnt 
Family Member 4 (WNT4)
Loss-of-function mutations in the female pathway are associated with some excep-
tional forms of 46,XX sex reversal. Mutations in RSPO1 and WNT4 are related 
with rare autosomal recessive syndromes in human. Besides the abnormal gonadal 
phenotype, RSPO1 is associated with palmoplantar hyperkeratosis (PPK) and pre-
disposition to squamous cell skin cancer, whereas WNT4 with SERKAL syndrome 
(SEx Reversal, Kidneys, Adrenal, and Lung dysgenesis) [8]. In addition, WNT4 
mutation was identified in a 46,XX DSD female patient, presented with primary 
amenorrhea, absence of Müllerian structures, unilateral renal agenesis, and clinical 
signs of androgen excess [1].

1 Genetics and Alterations in the Development of Male Reproductive System…
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Mutations in NR5A1 Gene, Involved in Both “Male” and “Female Pathways”

• Nuclear receptor subfamily 5 group A, member 1 (NR5A1 alias SF-1)
Mutations in this gene represent one of the most frequently found genetic causes 
of DSD [9]. Since mutations within this gene can disrupt both the testicular and 
ovarian pathways, they are related to various gonadal development disorders, 
depending on the karyotype and other phenotypic modifiers (e.g., additional 
genetic variants). The clinical characteristics of NR5A1 mutation carriers in 
46,XY individuals could vary from oligo−/azoospermia to complete sex reversal 
(OT-DSD). While, at birth, patients show severely undervirilized external genita-
lia, the majority of them undergo spontaneous virilization during puberty, thanks 
to conserved Leydig cell function. However, oligozoospermic carriers are at 
potential risk for late-onset testosterone defect and progressive decrease of sperm 
production. For these reasons, they should cryopreserve sperm and perform reg-
ular endocrine follow-up. In the more severe phenotypes, in about 24% of cases, 
Müllerian duct derivatives are retained as a consequence of disturbed AMH pro-
duction in the Sertoli cells. On the other hand, in 46,XX individuals, the pheno-
typic spectrum includes primary ovarian insufficiency (POI) and severe forms 
such as T-DSD or OT-DSD. Atypical genitalia are the most frequent presentation 
ranging from female genitalia to micropenis and penoscrotal hypospadias. In the 
minority of OT-DSD cases, gonads are not palpable, and the uterus or hemiuterus 
is present.

1.3.2 46,XY Gonadal Dysgenesis/Ovo-Testicular DSD

Impaired gonadal development in 46,XY karyotype is the consequence of mutations, 
causing under-expression or over-expression of different sex determination genes. It 
can result in a heterogenic group of conditions, which are characterized by a varying 
degree of abnormally configured and differentiated gonads, called as gonadal dys-
genesis (GD). In 46,XY complete gonadal dysgenesis (CGD, alias Swyer syndrome 
or pure gonadal dysgenesis), the disrupted Sertoli cell formation and testis differen-
tiation lead to inadequate levels of testosterone and AMH, hence disrupting the for-
mation of the Wolffian ducts and internal genitalia and driving to Müllerian duct 
development. Therefore, normal female external genitalia with normal uterus and 
fallopian tubes can be seen, but the gonadal tissue is replaced with functionless, 
fibrous tissue, termed as streak gonads. These tissue clumps replace the testicular 
tissue and might vaguely resemble to ovarian stroma without follicles. In partial 
gonadal dysgenesis (PGD), the original tissue is retained to some extent. GD may 
occur unilaterally or bilaterally. Typical clinical findings are the delayed/absent 
puberty, lack of secondary sex characteristics, and infertility, due to primary amenor-
rhea (Table  1.1 and Fig.  1.2). The incidence of 46,XY CGD is in approximately 
1:80,000 live births and together with 46,XY PGD is 1:20,000 live births. Depending 
on the underlying gene defect, 46,XY GD may also occur along with other patholo-
gies and syndromes. The etiology is defined only in about 30–40% of cases and it 
can be due to SRY, MAP3K1, SOX9 and other pro-testis gene defects as well as 
duplication of pro-ovary genes:

C. Krausz and V. Rosta
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• Sex Determining gene on Y (SRY )
In approximately 15–20% of affected patients, the cause is the mutation/deletion 
of the SRY gene on the Y chromosome. Most of the SRY mutations are located in 
the HMG box and are predominantly de novo mutations. Since the SRY gene is 
the initiator of male sex determination, the malfunction/absence of this gene 
results in a non-functional gonad with the consequent absence of testicular hor-
mones. The phenotype is a female complete GD.

• Mitogen-Activated Protein Kinase Kinase Kinase 1 gene (MAP3K1)
The dysregulation of MAPK pathway is implicated in the disrupted development 
of the gonads, in around 18% of cases. Deleterious mutations of MAP3K1 can 
result in the under-expression of male pathway genes, since this gene has an 
important role to balance between SOX9/FGF9 and WNT/β-catenin signaling. 
Carriers of MAP3K1 mutations present female phenotype with GD.

• SRY-Box genes 9 (SOX9)
As mentioned already, SOX9 is expressed in the undifferentiated gonad of both 
sexes and is upregulated by the SRY; hence, it is evident that the loss-of-function 
mutations ca`n cause female sex development. This gene is also expressed in 
other tissues than the testis and involved in other processes, such as chondrogen-
esis, which can explain the consequent syndromic manifestation of SOX9 muta-
tions. Typically, campomelic dysplasia is associated with this gene mutation. 
This syndrome is characterized by distinctive facial features, severe skeletal mal-
formations, and 46,XY GD.

• Wilms tumor 1 (WT1)
The +KTS isoform plays a relevant role in testis determination. Diverse syn-
dromes and diseases are associated with WT1 deletions/mutations. The deletions 
may cause a group of pathologies, termed as WAGR syndrome (Wilms tumor, 
aniridia, genitourinary anomalies, and mental retardation). Missense mutations 
in this gene can cause Denys-Drash syndrome, which is characterized by early 
diffuse mesangial sclerosis (DMS), Wilms tumor (nephroblastoma), and male 
pseudohermaphroditism (partial or complete gonadal dysgenesis) with a 46,XY 
karyotype. On the other hand, the absent production of +KTS due to mutations 
at the donor site of exon 9 leads to Frasier syndrome. Its typical manifestation is 
late-onset focal segmental glomerulosclerosis (FSGS) with complete gonadal 
dysgenesis, but without Wilms tumor.

• Other genes involved in 46, XY GD
Mutations in other genes with essential function in male gonad development, 
such as DMRT1, DHH, CBX2, NR5A1 (alias SF-1), GATA4, FOG2, FGFR2, 
and ATRX, have been rarely reported [10]. Some of them may cause syndromic 
form with severe anomalies. Mutations in DMRT1 can cause human 9p mono-
somy syndrome, which is characterized by variable degrees of 46,XY GD, men-
tal retardation, and craniofacial abnormalities. Mutation in FGFR2 gene is 
associated with 46,XY GD and craniosynostosis. ATR-X syndrome, due to 
mutations of the ATRX gene, is associated with severe mental retardation, alpha 
thalassemia, typical facial appearance, skeletal malformations, and pulmonary, 
gastrointestinal, and urogenital anomalies.

C. Krausz and V. Rosta
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• On the other hand, duplications in genes involved in the female pathway, such as 
DAX1 (alias NR0B1), WNT4, and RSPO1, have also been reported in the litera-
ture [10].

1.4  Clinical Manifestations of Mutations in Genes Involved 
in Sexual Differentiation

In contrast to the development of the female external genitalia, which does not 
require fetal ovarian hormones, the differentiation of male external genitalia requires 
the action of testosterone and its more potent derivative, DHT. Fetal Leydig cells 
produce testosterone staring from cholesterol through the sequential actions of vari-
ous enzymes such as CYP11A1, CYP17A1, HSD3B2, and HSD17B3. In addition, 
adrenal gland also produces androgens. Noteworthy, some proteins are involved 
both in sexual determination and also in sexual differentiation, such as the above-
mentioned NR5A1 (alias SF-1), while others (e.g., HSD3B2, HSD17B3, SDR5A2) 
are expressed only during sexual differentiation.

Disorders associated with disrupted androgen production can arise from any step 
of testosterone synthesis in the testis or in the adrenal glands or from a defect in the 
conversion of testosterone to DHT in the peripheral tissues (e.g., genital organs and 
skin, prostate, hair follicles, liver, brain). Disorders of sexual differentiation show a 
broad spectrum of phenotypes, strongly depending from the underlying etiology. 
Frequent clinical finding is ambiguous external genitalia at birth; however, in milder 
forms, only undervirilized genitalia can be seen, which delays the diagnosis of DSD 
until puberty or even to adulthood (Tables 1.1, 1.2, 1.3 and Fig. 1.2).

1.4.1  Disorders of Androgen Biosynthesis: Reduced 
Androgen Levels

• 7-dehydrocholesterol reductase deficiency (Smith-Lemli-Opitz syndrome, SLOS)
Loss-of-function mutations in the DHCR7 gene can lead to an inborn error of 
cholesterol synthesis, due to 7-dehydrocholesterol reductase enzyme deficiency, 
which converts 7-dehydrocholesterol (7DHC) to cholesterol. The incidence of 
SLOS is approximately 1:20,000–40,000 per births, and it is most frequent in 
central and northern Europe. Its clinical manifestation is broad and variable, 
ranging from early embryonic lethality to different types of malformations and 
mental retardation postnatally. Typically, these patients may present holoprosen-
cephaly, microcephaly (80% of cases) with a typical facial appearance, postaxial 
polydactyly of the hands or feet, syndactyly of the second and third toes (95% of 
cases), and short-proximally placed thumbs, as well as cardiovascular and gas-
trointestinal anomalies. Concerning genital development ambiguous genitalia, 
micropenis and hypospadias are observed in the majority of patients (70%) [11].

Hormonal diagnosis: low plasma cholesterol and elevated plasma 
7- dehydrocholesterol levels.

1 Genetics and Alterations in the Development of Male Reproductive System…
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• Congenital lipoid adrenal hyperplasia due to steroidogenic acute regulatory pro-
tein (StAR) deficiency
Cholesterol transfer across the mitochondrial membrane to synthesize pregneno-
lone is mediated by the steroidogenic acute regulatory (StAR) protein. StAR 
phosphoprotein can be found in the mitochondria of the adrenal and gonadal 
cells. Mutations in the gene which encodes StAR result in lipoid congenital adre-
nal hyperplasia (lipoid CAH), the most severe form of CAH. It is an extremely 
rare, autosomal recessive condition, with a higher prevalence in Japanese, 
Korean, and Palestinian populations. The adrenal cortex and the gonads become 
engorged with cholesterol and cholesterol esters leading to mineralocorticoid, 
glucocorticoid, and sex steroid deficiency. The most severe form, adrenal insuf-
ficiency, manifests in salt wasting, hyponatremia, hypovolemia, hyperkalemia, 
and acidosis, which consequently lead to a life-threatening condition. Elevated 
adrenocorticotropic hormone (ACTH) levels due to intrauterine glucocorticoid 
deficiency can appear in generalized hyperpigmentation at birth. As far as the 
genital phenotype is concerned, in the case of complete defects, both 46,XY and 
46,XX patients have female phenotype. 46,XY patients have testes, with or with-
out cryptorchidism, and no Müllerian derivatives due to the presence of AMH. In 
the case of partial defect and 46,XY karyotype, genital ambiguity can occur.
Hormonal diagnosis: elevated ACTH, renin and gonadotropin levels, with low 
basal values of glucocorticoids, mineralocorticoids, and androgens. In milder 
forms, partial steroid production can be measured.

• Cholesterol side-chain cleavage enzyme (P450scc) deficiency
The following step of steroid biosynthesis is the conversion of the intra- 
mitochondrial cholesterol into pregnenolone by P450scc. This protein is encoded 

AMBIGOUS EXTERNAL GENITALIA in 46,XY individuals  

PALPABLE GONADS?  YES NO 

AMH ↓  ↑  

UTERUS ABSENT: 
• Vanishing testis 
UTERUS PRESENT: 

• 46,XY GD 
• PMDS (AMH mutation)  

T ↑  ↓  

UTERUS PRESENT: 
• PMDS (AMHR2 mutation)  

↓ glucocorticoids 
↓ mineralocorticoids 

↑ /N ACTH 

• StAR deficiency   
• P450scc deficiency  

• POR deficiency  
• 3  -HSD2 deficiency  
• P450c17 deficiency  

• Leydig cell hypoplasia   
(LHCGR mutation)   

(↑ LH) 

• 17 -HDS3 deficiency  
(↑ A,↓ T/A) 

• PAIS (AR mutation)  
(↑ LH) 

 

• 5α-RD2 deficiency  
(↓ DHT, ↑T /DHT) 

• Isolated 17,20-lyase  
deficiency 

(↑17OH-Preg, ↑ 17-OHP) 

Fig. 1.2 Hormonal features in 46,XY individuals with ambiguous external genitalia
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by the CYP11A1 gene and located in the mitochondria of the gonads and the 
adrenal glands. Compound heterozygous or homozygous mutations of CYP11A1 
gene can cause P450scc deficiency with a similarly severe phenotype like 
observed in patients with StAR loss-of-function mutations (congenital adrenal 
insufficiency with 46,XY DSD).
Hormonal diagnosis: high ACTH, renin, and gonadotropin levels, with undetect-
able or low values of glucocorticoids, mineralocorticoids, and androgens.

• Cytochrome P450 oxidoreductase (POR) deficiency
POR is required for the activity of all P450 enzymes, such as P450c17, P450c21, 
and P450aro, which are involved in different steps of steroidogenesis. 
Homozygous or compound heterozygous mutations in the POR gene can lead to 
a rare form of CAH, due to combined deficiency of P450c17 and P450c21 and 
accumulation of steroid metabolites. It manifests in syndromic (Antley-Bixler 
syndrome) or non-syndromic form, with clinical features like cortisol defi-
ciency, altered sex steroid synthesis, DSD, and skeletal malformations. The 
majority of individuals with POR deficiency have ambiguous genitalia at birth, 
which can occur in both sexes. 46,XX patients may present with masculinized 
genitalia, with enlarged clitoris and labial fusion, while 46,XY patients can 
present with undermasculinized external genitalia, with hypospadias and micro-
penis. In certain cases, complete sex reversal can occur. The unusual finding that 
both sexes can present with DSD suggests to an alternative pathway in human 
androgen synthesis, present only in fetal life, which explains the combination of 
antenatal androgen excess and postnatal androgen deficiency [12]. Typical con-
genital craniofacial and skeletal anomalies are, e.g., midface retrusion, cranio-
synostosis, hand and feet malformations, large joint synostosis, etc. Arterial 
hypertension may occur due to (mild) mineralocorticoid excess (Tables 1.1 
and 1.2).
Hormonal diagnosis: ACTH plasma concentration is normal or elevated, with 
normal or low cortisol serum concentration. Pregnenolone, progesterone, 
17-hydroxypregnenolone (17OH-Preg), and 17-hydroxyprogesterone values are 
often elevated at baseline and/or after ACTH stimulation. Androgen serum con-
centration may be decreased and unresponsive to ACTH or hCG stimulation.

• 3β-hydroxysteroid dehydrogenase type II (3β-HSD2) deficiency
The 3β-HSD enzyme has two isoforms, which share identity in around 93%. 
3β-HSD1 is encoded by the HSD3B1 gene and expressed mostly in the placenta 
and peripheral tissues. On the other hand, 3β-HSD2 is encoded by the HSD3B2 
gene and expressed exclusively in the adrenal glands, ovaries, and testes. 
3β-HSD2 is not only essential for the synthesis of sex steroids acting on the con-
version of dehydroepiandrosterone (DHEA) in androstenedione, but also for the 
synthesis of mineralocorticoids and glucocorticoids. HSD3B2 mutations abol-
ishing the enzyme activity lead to CAH with severe salt loss, whereas less severe 
mutations which reduce 3β-HSD2 enzyme activity result in CAH with mild or no 
salt wasting. In individuals with 46,XY karyotype, it leads to DSD, due to 
impaired androgen synthesis. 46,XY DSD patients present ambiguous genitalia, 

1 Genetics and Alterations in the Development of Male Reproductive System…
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characterized by micropenis, perineal hypospadias, bifid scrotum, and blind vag-
inal pouch. During puberty, gynecomastia is a common finding.
Hormonal diagnosis: The gold standard for biochemical diagnosis is measure-
ment of the basal and post-ACTH serum 17OH-Preg and the 17OH-Preg/cortisol 
ratio. The serum levels of pregnenolone, 17OH-Preg, DHEA, and dehydroepian-
drosterone sulfate (DHEAS) are elevated.

• P450c17 (combined 17α-hydroxylase and 17,20-lyase) deficiency
The conversion of pregnenolone into 17α-hydroxypregnenolone and DHEA is 
catalyzed by the P450c17 steroidogenic enzyme. It is encoded by the CYP17 
gene, expressed in the endoplasmic reticulum of the adrenal cortex and of the 
gonads, and has both hydroxylation and lyase functions as well. Defect in the 
CYP17 gene has been associated with combined 17α-hydroxylase and 17,20- 
lyase deficiency. Most of the affected subjects with 46,XY karyotype are pheno-
typically females with female-like or slightly virilized external genitalia, blind 
vaginal pouch, and cryptorchidism. Ambiguous genitalia have also been associ-
ated with this disease. The Wolffian derivatives are hypoplastic. During puberty, 
these patients usually present gynecomastia and sparse axillary/pubic hair. 
Commonly, they are assigned to female social sex and sought treatment due to 
primary amenorrhea or lack of breast development. High blood pressure and 
hypokalemia are frequent clinical findings.
Hormonal diagnosis: typically, massive increase in the 17-deoxysteroid- 
corticosterone, deoxycorticosterone, and progesterone levels, with decreased 
aldosterone, cortisol, 17-OH-progesterone, androgen, and estrogen levels. 
Excessive production of deoxycorticosterone and corticosterone consequently 
leads to vascular hypertension, decreased levels of renin, and inhibition of aldo-
sterone synthesis.

• Isolated 17,20-lyase deficiency
Isolated 17,20-lyase deficiency due to mutation in CYP17 gene may lead to 
diminished fetal testicular testosterone synthesis with intact cortisol production. 
46,XY individuals affected by this disease have ambiguous genitalia with micro-
penis, perineal hypospadias, and cryptorchidism. During puberty, gynecomastia 
can occur.
Hormonal diagnosis: elevated serum 17-OH-progesterone and 17OH-Preg lev-
els, with low levels of androstenedione, DHEA, and testosterone.

• 17β-hydroxysteroid dehydrogenase type III (17β-HSD3) deficiency
17β-Hydroxysteroid dehydrogenase (17β-HSD) acts on the final step of ste-
roidogenesis. 17β-HSD enzyme has five isoenzymes. Most of them are involved 
in the estrogen balance, like type I, which is expressed in the ovary and converts 
estrone into estradiol. Type III (17β-HSD3) is an exception, because it is 
expressed exclusively in the testes and catalyzes the reduction of androstenedi-
one to testosterone. Homozygous or compound heterozygous mutations in the 
HSD17B3 gene cause the defect of 17β-HSD3 enzyme. It is also known as 
17β-keto reductase deficiency and is characterized by impaired sex hormone 
production without impairing glucocorticoid and mineralocorticoid adrenal 
secretion. It is the most frequent disorder of androgen synthesis. 46,XY 
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newborns with 17β-HSD3 deficiency have complete or predominantly female 
external genitalia with a blind vaginal pouch, and the testes are often found in 
the inguinal canal or in a bifid scrotum. Despite the mainly female-like external 
genitalia, male internal genitalia, i.e., epididymides, vas deferens, seminal ves-
icles, and ejaculatory ducts, can be found. Most commonly, the affected males 
are raised as females. At the time of puberty, virilization occurs, and several 
patients with 17β-HSD3 deficiency change to male social sex. Testes can be 
safely maintained, as long as they are positioned inside the scrotum. The pheno-
type of the affected patients is clinically almost indistinguishable from other 
causes of 46,XY DSD such as partial androgen insensitivity syndrome (PAIS) 
or 5α-reductase type II deficiency (both of them will be discussed later), without 
biochemical assessment.
Hormonal diagnosis: low testosterone/androstenedione (T/A) and estradiol/
estrone ratios, due to high serum levels of androstenedione and estrone, and low 
levels of testosterone. The cut-off value for T/A ratio is 0.8. In addition, hCG test 
has been proposed as a useful diagnostic tool, showing an increase of Δ4-A more 
than T [13].

1.4.2  Disorders of Androgen Biosynthesis: Androgen Excess

• 21-Hydroxylase (21-OHD) Deficiency
The CYP21A2 gene encodes the 21-hydroxylase enzyme (alias P450c21) which 
is responsible for the conversion of progesterone to deoxycorticosterone in the 
aldosterone biosynthesis pathway and 17α-hydroxyprogesterone to 
11- deoxycortisol in the cortisol biosynthesis pathway. Severe or complete 
21-hydroxylase (21-OHD) deficiency is the most common CAH. There are three 
forms of 21-OHD: (i) the classic salt wasting form, (ii) the classic simple viril-
izing form, and (iii) the non-classic form. The classic forms have an overall inci-
dence in the Caucasian population of around 1:20,000–30,000 female newborns. 
The non-classic form is much more common, with an estimated 1:1000 fre-
quency in the Caucasian population and even greater in other specific ethnic 
groups, such as Hebrew Ashkenazi (1:27), Hispanic (1:53), or Italians (1:300) 
[14]. Typical clinical findings in severe forms are hyponatremia, hyperkalemia, 
hyperreninemia, and hypovolemic shock. These patients can have a phenotype 
which is corresponding to the karyotype, but it can manifest with ambiguous 
genitalia or DSD as well. Excessive adrenal androgen production may lead from 
slight clitoromegaly to complete masculinization of the external genitalia in 
46,XX individuals. In most severely virilized females, the social sex is often 
mistakenly assigned to male sex. Most 46,XY newborns affected by 21-OHD 
show normal appearance of the external genitalia at birth, and they have no clini-
cal signs which could refer to their disease. Later in life, these patients may 
experience decreased height, precocious puberty, excessive hair growth, acne, 
and reduced fertility. Males with the non-classic type may present with early 
beard growth, enlarged penis, and small testes (Table 1.2).
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Hormonal diagnosis: The excess 17-OH-progesterone, which represents the bio-
chemical hallmark of this condition, is converted by the only available accessible 
pathway into potent androgens, such as testosterone and DHT.  In addition, 
hyperandrogenism is due to the ready conversion of accumulated 17OH- 
pregnenolone to DHEA by CYP17A1.

• 11β-hydroxylase (11β-OHD) Deficiency
CYP11B1 gene serves for 11β-hydroxylase enzyme production, which is found in 
the adrenal glands, and converts deoxycorticosterone into corticosterone and 
11-deoxycortisol into cortisol. Mutations of CYP11B1 gene result in 
11β-hydroxylase deficiency with CAH.  Its estimated frequency is 
1:100,000–200,000 newborns, and it is more common among Moroccan Jews liv-
ing in Israel, affecting approximately 1:5000–7000 newborns. Among all CAH 
cases, around 5–8% is due to 11β-OHD [14]. The clinical manifestation of 11β-
OHD is highly similar to 21-OHD, but with hypertension. The excess production 
of androgens leads to atypical sexual differentiation, especially in females. In the 
severe forms, 46,XX newborns can be markedly virilized, with ambiguous genita-
lia, but with normal internal female gonads. 46,XY fetuses typically show normal 
sexual development, often with megalopenis and precocious puberty (Table 1.2).
Hormonal diagnosis: high levels of ACTH, 11-deoxycortisol, 
11- deoxycorticosterone, DHEA, androstenedione, and testosterone.

1.4.3  Disorders of Testosterone Metabolism

• 5α-reductase type II (5α-RD2) Deficiency
The conversion of testosterone to DHT is catalyzed by the 5α-reductase enzyme, 
which has two isoenzymes. Isoenzyme 1 is encoded by the SRD5A1 gene and 
expressed at low levels in embryonic tissues, whereas after birth and during later 
life, it is expressed in the brain, liver, and non-genital skin. Its role is not well 
defined yet. Isoenzyme 2, which is encoded by the SRD5A2 gene, is predomi-
nantly expressed in external genital tissues and in the prostate. DHT is specially 
needed for the physiological development of the prostate, penis, and scrotum. 
Homozygous or compound heterozygous loss-of-function mutations of the 
SRD5A2 gene lead to 5α-reductase type II (5α-RD2) deficiency, which is a rare 
autosomal recessive disorder, associated with 46,XY DSD. Patients with 5α-RD2 
can have ambiguous genitalia, but also apparently normal female or underviril-
ized male genital phenotype at birth. In the case of female-like external genitalia, 
normal male internal reproductive structures are observed, often with prostate 
hypoplasia and undescended testicles. In subjects with predominantly male exter-
nal genitalia, hypospadias or isolated micropenis has also been described. During 
puberty, patients exhibit virilization without breast development and change gen-
der identity from female to male. It is pivotal to make the proper diagnosis in 
infancy by biochemical and molecular studies before gender assignment or any 
surgical intervention because these patients should be considered as males.
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Hormonal diagnosis: in childhood low DHT serum levels, with elevated testos-
terone/DHT ratio after hCG stimulation test [13]. At puberty or in young adult 
men, the basal hormonal evaluation demonstrates normal/elevated serum testos-
terone levels with low DHT levels and normal/elevated testosterone/DHT ratio.

1.4.4  Disorders of Androgen Action

• Androgen Insensitivity syndrome (AIS): Morris Syndrome and Reifenstein 
Syndrome
Mutations of the X chromosome-linked androgen receptor gene (AR) are associ-
ated with variable form of androgen insensitivity. Obviously, male phenotype 
could be seen only in milder forms of this condition, ranging from underviriliza-
tion to normal male genitals with diminished sperm production. The prevalence of 
AIS is depending whether the androgen insensitivity is complete (CAIS), partial 
(PAIS), or mild (MAIS). The prevalence of CAIS is 2–5/100,000 in subjects with 
46,XY karyotype. CAIS (alias Morris syndrome) is associated with a female phe-
notype. Estrogen-dependent secondary sexual characteristics may develop in these 
subjects as a result of excess aromatization of androgens, but without pubic and 
axillary hair growth. The uterus, cervix, and proximal vagina are absent because of 
the action of AMH, produced by Sertoli cells during fetal life. PAIS is thought to 
be at least as frequent as CAIS. In PAIS (alias Reifenstein syndrome), the typical 
phenotype is micropenis with severe hypospadias, bifid scrotum, and cryptorchi-
dism. In MAIS, the habitual clinical sign is infertility without associated genital 
anomalies.
Hormonal diagnosis: Typical signs of hormone resistance are observed, i.e., 
serum testosterone values are either within or above the normal range for young 
or adult men, with inappropriately high LH levels. FSH and inhibin B levels are 
usually in the normal range. High androgen sensitivity index can be found (cal-
culated as the product of serum testosterone levels multiplied by serum LH lev-
els; e.g., high LH levels in the presence of relatively high testosterone levels 
might suggest mild resistance).

1.4.5  Disruption of Leydig Cell Differentiation

• Leydig cell hypoplasia
Leydig cell differentiation from mesenchymal cells is essential for later testoster-
one synthesis in this cell type. Several genes are involved in the development of 
fetal Leydig cells, among them the Desert Hedgehog (DHH) and NR5A1 (alias 
SF-1) genes. DHH is produced by the Sertoli cells and specifies the fetal Leydig 
cell (FLC) lineage in the primordial gonad through a paracrine signaling mecha-
nism. NR5A1 (alias SF-1) is expressed in Leydig cells, and based on mouse mod-
els, a combinatorial expression of DHH and NR5A1 is needed for physiological 
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Leydig cell development and for the replacement of FLCs by adult Leydig cells. 
NR5A1 is an essential protein for hormone biosynthesis. Leydig cells are stimu-
lated by both hCG during fetal life and LH after birth. Both hormones act through 
the binding and activation of a common receptor (LHCGR), located in the cell 
membrane. Several different mutations in the LHCGR gene are also associated 
with 46,XY DSD due to Leydig cell hypoplasia.
It is a rare disorder with unknown prevalence. A typical clinical finding in 
patients with Leydig cell hypoplasia is the lack of intrauterine and pubertal viril-
ization, due to the lack or to diminished testosterone secretion. In the case of a 
complete form, the typical phenotype is normal female external genitalia, lead-
ing to female sex assignment, despite the 46,XY karyotype. On the other hand, 
partial forms manifest with a wide spectrum of phenotypes. Most frequently, 
male external genitalia can be found with micropenis and/or hypospadias. 
Additionally, cryptorchidism may occur. During puberty, these subjects undergo 
partial virilization with mostly normal testis volume.
Hormonal diagnosis: The determination of serum testosterone level can be 
assessed by hCG stimulation test. These patients have subnormal testosterone 
response to hCG test prior puberty, whereas during and after puberty, the hCG 
test shows absent/impaired increase of all testicular androgens. Hormonal assess-
ment shows elevated serum gonadotropin levels, with a clear predominance of 
LH over FSH levels.

1.4.6  Persistent Müllerian Duct Syndrome (PMDS)

Mutations in the gene encoding for AMH or for its receptor (AMHR-II) cause decreased 
levels or impaired action of AMH leading to the failure of Müllerian duct regression. 
Persistent Müllerian duct syndrome (PMDS) is an extremely rare condition with 
around 150 documented cases globally. It is also called as hernia uterine inguinale, 
because it is often diagnosed accidentally during hernia repair or during orchidopexy 
(type of surgical intervention, which brings the undescended testis into the scrotum). 
46,XY carriers bear both male external genitalia and gonads (often undescended), with 
female internal genitalia (uterus, fallopian tubes, and upper vagina). PMDS is a com-
plex and anatomically variable disease classified in three main phenotypic categories, 
depending on the position of the testes and the uterus. In the “female” type (60–70% of 
patients), the testes and epididymes are connected to the fallopian tubes in the abdomen 
and are in analogue positions to the ovaries. In the “hernia uterine inguinale” type 
(20–30% of patients), one of the testes may be found in the hernia sac or in the scrotum, 
while the other is located in the abdomen. Transverse testicular ectopia (TTE) refers to 
the condition, when the two testes are in the same hernia sac along with the uterus and 
uterine tubes. It occurs in about 10% of cases [15].

Hormonal diagnosis: show a corresponding picture of testicular failure, with 
high FSH and low testosterone levels. Mutated AMH leads to decreased AMH level. 
On the other hand, in the case of AMH receptor mutation, the AMH level is high. 
There is a testosterone response to hCG stimulation test (Table 1.3).
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Table 1.3 Hormone parameters in DSD according to the etiology

FSH LH T
Additional relevant biochemical/hormonal 
features Diagnosis

↑ ↑ ↓ ↓ AMH XY- gonadal dysgenesis/
ovo-testicular DSD 
(impaired sex 
determination)

↑ ↑/N ↓/N – XX- testicular/
ovo- testicular DSD 
(impaired sex 
determination)

N N/↑ ↓ ↑ ACTH
↓ glucocorticoids

↓ cholesterol, ↑ 
7-dehydrocholesterol, 
↓mineralocorticoids

7-DHC-R deficiencya 
(Smith-Lemli-Opitz sdr)

↑ ↑ ↓ ↓mineralocorticoids, ↑ renin StAR deficiencya

↑ ↑ ↓ ↓mineralocorticoids ↑ renin P450scc deficiencya

↑ ↑ ↓ ↑ pregnenolone, ↑ 
progesterone,
↑ 17OH-Preg, 
↑17-OH-Progesterone

POR deficiencya

↑ ↑ ↓/N ↑ pregnenolone, ↑ 
17OH-Preg, ↑DHEA, ↑ 
DHEAS

3β-HSD2 deficiencya

↑ ↑ ↓ ↑ corticosterone,
↑17-deoxysteroid- 
corticosterone, ↑ 
progesterone,
↓ 17-OH-Progesterone, ↓ 
renin

P450c17 deficiencya

(combined 
17α-hydroxylase and 
17,20-lyase deficiency)

↑/N ↓ ↑ ↑ 17OH-Preg, ↑ 
17OH-Progesterone, 
↓mineralocorticoids, ↑ DHEA

21-OH deficiencya

↑/N ↓ ↑ ↑ 11 deoxycortisol and 11 
deoxycortisosterone, ↑ DHEA

11β-OH deficiencya

↑ ↑ ↓ ↑ 17OH-Preg, ↑ 
17-OH-Progesterone,
↓ androstenedione, ↓ DHEA

Isolated 17,20-lyase 
deficiency

↑ ↑ ↓ ↑ androstenedione, ↑ estrone; 
T/Androstenedione ↓

17β-HSD3 deficiency

N ↓/N ↑/N ↓ DHT; T/DHT↓ 5α-RD2 deficiency
↑/N ↑ ↑/N – Androgen Insensitivity 

syndrome
↑ ↑↑ ↓/N – Leydig cell hypoplasia
↑ ↑ ↓ AMH mutation: ↓ AMH, 

AMHR2 mutation: ↑AMH
Persistent Müllerian 
Duct Syndrome (PMDS)

Abbreviations: ACTH Adrenocorticotropic hormone, AMH Anti-Mullerian hormone, AMHR2 
Anti-Mullerian hormone receptor 2 gene, DHEA Dehydroepiandrosterone, DHT 
Dihydrotestosterone, FHS Follicle stimulating hormone, LH Luteinizing hormone, N Normal, 
POR Cytochrome P450 oxidoreductase, P450scc Cholesterol side-chain cleavage enzyme, StAR 
Steroidogenic acute regulatory protein, T Testosterone, 3β-HSD2 3β-hydroxysteroid dehydroge-
nase type II, 5α-RD2 5α-reductase type II, 7-DHC-R 7-Dehydrocholesterol reductase enzyme, 
11β-OH 11β-hydroxylase, 17β-HSD3 17 β-hydroxysteroid dehydrogenase type III, 17OH-Preg 
17-hydroxypregnenolone, 17-OH-Progesterone 17-hydroxyprogesterone, 21-OH 21-hydroxylase
aDepending on the severity of the enzymatic defect ACTH, glucocorticoids and mineralocorticoids 
maybe normal
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1.5  Diagnosis and Clinical Management of DSD Patients

DSD is a rare endocrine disease with low number of affected individuals for each 
etiological category. This peculiarity together with the highly heterogeneous pheno-
types implies that the diagnosis is complex and requests special expertise. The diag-
nostic work-up of this condition includes extensive physical examination, with 
assessment of the genitals, biochemical and genetic analyses, imaging studies, 
and in some cases surgical exploration (e.g., laparoscopy, gonadal biopsy) for the 
confirmation. Biochemical assessment is highly informative about the underlying 
pathology, and it is essential in order to plan appropriate hormonal treatments. If it 
is possible, chromatographic and mass spectrometric methods are recommended for 
exact steroid hormone measurements, although these methods are not yet widely 
available and standardization between laboratories is an issue. The ideal diagnostic 
evaluation should include genetic analyses since the identification of the genetic 
defect implies the possibility of individualized patient’s care. The genetic diagnosis 
is achieved in the majority of 46,XX males, whereas in 46,XY DSD patients, the 
underlying genetic cause remains unknown in about 70% of cases. Regular follow-
 up is advised to these patients due to the frequent occurrence of comorbidities and 
increased incidence of malignancies.

The results of the diagnostic tests need to be discussed within a multidisci-
plinary team in order to provide a holistic approach to the affected individuals. The 
management is based on the strict collaboration of endocrinologists, urologists, 
gynecologists, andrologists, clinical geneticists, psychologists, nurses, and social 
workers.

Key Points in the General Clinical Approach Medical treatment options: Gonadal 
function is compromised in the large majority of cases. Therefore, sex hormone 
therapy is necessary for pubertal induction and for hormone replacement therapy 
(HRT) during life. HRT serves to enhance gender identity and to induce or reinforce 
secondary sex characteristics, as well as for general well-being and to avoid cardio-
vascular and bone comorbidities (osteopenia/osteoporosis) later in life. It is impor-
tant to state that both gender identity and sexual orientation seem to be determined 
during fetal development, under the influence of sex hormone production by the 
developing gonad. This is especially relevant in pathologies such as 5α-RD2 and 
17β-HSD3 deficiency, where virilization occurs at puberty (if the gonads were not 
removed in childhood) with the consequent female-to-male social sex change. 
These patients, during their fetal life, are exposed to normal testosterone levels 
which leads to the virilization of the brain. Hence, if female sex is assigned, it will 
likely lead to distress related to gender dysphoria [16, 17]. It is therefore extremely 
important to diagnose this genetic defect as early as possible in order to avoid the 
removal of the testes and raise these individuals as boys [18].

HRT is based on estrogen or testosterone substitution, depending on the patients’ 
social sex. Pubertal induction should be performed usually at the age of 10–12 in 
girls and 11–13 in boys, and the standard therapeutic regimen should simulate phys-
iological puberty. In the case of patients with female gender identity, with or 
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without uterus, the hormonal substitution starts with low-dose estrogen (e.g., 
0.07–0.15  mg/day orally), and this dose should be gradually increased every 
6 months over 2–3 years. The maintenance dose is, for example, 0.625 mg/day of 
conjugate estrogen, with additional progesterone substitution (e.g., 50 mg/day, from 
the first to the 12th day of the month) to induce menstruation. Progesterone therapy 
is not required in patients without uterus. Low-dose transdermal estrogen treatment 
is also a viable option for HRT. Anti-androgens are used as adjuvants to estrogen, 
especially in the reduction of male sexual characteristics and the suppression of 
testosterone to female levels [10].

For patients with male gender identity, available options are intramuscular tes-
tosterone ester depot injections, oral testosterone undecanoate, and transdermal 
preparations. The initial dose of depot injections is 25–50 mg/month, while the 
maintenance dose in adults is 150–250 mg every 2–4 weeks or 1000 mg every 
3 months [10]. The medical treatment for micropenis is high-dose testosterone 
therapy (e.g., 500  mg of testosterone cypionate injection/week). Maximum 
increase of penile length can be obtained after 6 months of therapy. Hormonal 
therapy is used for pubertal suppression in DSDs associated with precocious 
puberty.

Patients with CAH require lifelong glucocorticoid and often additional miner-
alocorticoid replacement therapy. In the case of SLOS, the primary therapeutic 
approach focuses on cholesterol supplementation, to enhance cholesterol produc-
tion and/or accretion, and to decrease the accumulation of potentially toxic choles-
terol precursors. The most widely accepted forms of dietary cholesterol 
supplementation are egg yolks and/or crystalline or powder form cholesterol 
suspension.

Gender assignment: Gender assignment is a difficult and critical decision in the 
management of DSDs. This process should be managed in reference centers by 
experienced teams. They should take into account, among others, cultural and reli-
gious factors and the impact of the decision on the adult life of the affected individu-
als (e.g., gender dysphoria, drastic surgical interventions, dissatisfaction with the 
appearance of genitalia). The current criteria for gender assignment are based on (i) 
the psychosexual outcomes in adults, (ii) the potential for fertility, and (iii) the avail-
able hormonal and surgical options [17].

Surgical treatment options: The aim is to repair sexual ambiguity, with the removal 
of the internal structures, which are inadequate for the patient’s social sex and to con-
struct a normal-looking, appropriate external genitalia. There is a growing tendency to 
postpone surgery, until the patient will be able to take part in the decision-making. If 
surgery is performed at early ages, mutilating and irreversible interventions should be 
avoided. Depending on the patients’ desired gender, the surgical procedures consist of 
procedures like phalloplasty, scrotoplasty, resection of the vaginal pouch, proximal/
distal urethroplasty, orchidopexy, vaginoplasty, excision of Müllerian duct remnants, 
and breast surgery. Apart from AIS patients, all ectopic male gonads are at increased 
risk for malignancies and need to be mobilized to an extra-abdominal, inguinal, or 
preferably scrotal position to allow monitoring by self-examination and imaging. If 
this relocation fails, surgical removal of the gonad should be considered. In the case 

1 Genetics and Alterations in the Development of Male Reproductive System…



26

of 46,XY GD, gonadal streaks even more often become cancerous; therefore, they are 
usually removed surgically as the diagnosis occurs [19]. The timing of gonadectomy 
is controversial but will mainly depend on the anticipated malignancy risk of the 
gonad. As the risk is very low at pre-pubertal age, the final decision on gonadectomy 
usually can be deferred, if the gonad can be monitorized safely. In the case of unde-
sired masculinizing or feminizing effects of sex steroids, which is in discordance with 
the social gender identity, prior intervention may be carried out. Correction of hypo-
spadias is advised early, in the first 2 years of life.

Fertility: Rarely, DSD individuals with (partially) functional testicles may 
undergo assisted reproductive techniques (ART). For instance, microdissection 
testicular sperm extraction (micro-TESE) may offer possibility to find sperm in 
the testis. The harvested spermatozoa may be cryopreserved and used for later 
intracytoplasmic sperm injection (ICSI). If the atypical gonad does not contain 
gametes, ART with donor sperm can be taken into consideration. In the case of 
46,XY DSD with female phenotype and with uterus, successful pregnancies follow-
ing egg donation have been described. Adoption, as a final option for the couple, 
should be discussed with the patient and his/her partner.

1.6  Conclusions

The understanding of the genetic aspects and of the molecular mechanisms behind 
human sex development and DSD has been greatly improving over the past decades. 
It became clear that mutations in the same gene could be associated with a spectrum 
of phenotypes suggesting a role for modifier genes and oligogenic inheritance. In 
cases where clinical and biochemical exams are clearly indicating a distinct gene 
defect (e.g., 21-OHD, AIS), targeted gene sequencing is the usual approach. 
Following the diffusion of novel sequencing technologies (massive parallel sequenc-
ing), genetic testing based on gene panel is becoming the first-level test allowing the 
diagnosis of both monogenic and oligogenic cases. However, despite technological 
advances and progresses in our knowledge about the biology of DSD, still many 
new genes need to be discovered. The identification of the genetic basis for each 
DSD case is pivotal for the clinical management. Many gaps in our knowledge con-
cerning this heterogeneous group of rare pathologies are currently addressed 
through large-scale networks. Thanks to the worldwide interaction between 
researchers and clinicians, major advancements in the management of social and 
clinical aspects are expected in the near future.
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2.1  Introduction

Reproductive health has emerged as an important healthcare need involving many 
clinical and public health issues, including sexually transmitted infections (STIs), 
declining fertility, and rising rates of testicular cancer [1–4]. Importantly, it is now 
recognized that many causes and risk factors for testicular dysfunction and infertil-
ity indeed act early during life [5]. Many andrological pathologies that we see in 
adults actually arose in younger age, due to the strong susceptibility and vulnerabil-
ity of male gonads to external insults, starting from gestational age and during all 
growth phases.

Of particular scientific and public interest is the possible contribution of endo-
crine disruptors to increased incidence of male sexual and reproductive problems, 
such as infertility, hypogonadism, cryptorchidism, hypospadias, and testicular can-
cer. An endocrine-disrupting chemical (EDC) is defined as “an exogenous chemical, 
or mixture of chemicals, that interferes with any aspect of hormone action” [6]. 
Contamination from EDCs is almost inevitable, when such chemicals are used in 
occupational activities or are widely dispersed across the environment. The daily 
used products like pesticides, plastic items containing bisphenol A and phthalates, 
flame retardants, personal care products containing antimicrobials, heavy metals, 
and perfluoroalkyls are regularly being manufactured in industries. These are some 
of the most potential candidates as testicular disruptors among EDCs (Table 2.1). 
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Although the biological effects of many EDCs are well known at the molecular and 
cellular levels in in vitro studies, their mechanism of action is not readily and easily 
assessed in vivo, as their effects can appear after prolonged and/or continuous expo-
sure to a low dose. Importantly, the effects can be transgenerational, and therefore 
two or three generations are necessary to highlight some modest effects, making 
epidemiological studies in humans very challenging. Furthermore, these effects are 
often the result of the simultaneous interaction of several substances (mixture effect) 
at low doses. On the contrary, in vitro and animal studies often use single com-
pounds at a high dose. Human EDC-related diseases are more likely to be the results 
of long-term exposure to low concentrations of EDC mixtures, rather than of acute 
exposure to single compound at high concentration. Anyway, many EDCs that have 
been linked to impaired male sexual and reproductive development and function 
seem to act as antiandrogenic and/or estrogenic compounds, after binding or mim-
icking the actions of either the androgen receptor (AR) or the estrogen receptor 
(ER). EDCs are highly heterogeneous and can be classified according to their ori-
gins in (i) natural and artificial hormones (e.g., phytoestrogens, omega-3 fatty acids, 
contraceptive pills, and thyroid medicines), (ii) drugs with hormonal side effects 
(e.g., naproxen, metoprolol, and clofibrate), (iii) industrial and household chemicals 
(e.g., phthalates, alkylphenoletoxilate detergents, plasticizers, solvents), and (iv) 
side products of industrial and household processes (e.g., polycyclic aromatic 
hydrocarbons, dioxins, pentachlorobenzene). As a consequence, many pathways 
might be disrupted, depending on the period of life when they act (ranging from 
impairment of sexual differentiation, organogenesis, spermatogenesis, steroidogen-
esis) and the cocktail of contaminants involved.

In general, three main phases of a man life are particularly susceptible for subse-
quent normal testis development and function (Fig. 2.1): the intrauterine phase, the 
neonatal phase comprising the so-called minipuberty in the first months of life, and 
puberty. However, even during infancy, when the testes are apparently “sleeping,” 
damaging causes with permanent effects on testicular function can occur. This is, 

Foetal period Neonatal period Infancy/childhood AdulthoodPuberty

Testis differentiation and 
descent

Minipuberty Testicular quiescence Progressive and full 
development of testes, 
reproductive tract and 
sexual characteristics

Foetal GC 
proliferation/differentiation

Adult GC
proliferation/differentiation (spermatogenesis)

SC proliferation
SC maturation

Via mother
Likely to be irreversible

Direct
Likely to be
irreversible

Direct
Possibly reversible

Direct
Possibly irreversible

Endocrine disruptors

Direct
Likely to be irreversible

Foetal LC Adult LC 
precursors

Adult LC 

Fig. 2.1 Windows of susceptibility for testicular development and function from the fetal period 
to adulthood and effects of EDCs. SC Sertoli cells, GC Germ cells, LC Leydig cells
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for example, the case of the iatrogenic, devastating effect of chemotherapy in this 
period of life. Risk factors acting via the mother during pregnancy might compro-
mise definitively testicular function later in life, by disrupting fetal germ cell prolif-
eration and differentiation and Sertoli cell proliferation and establishing the Leydig 
cell population (Fig.  2.1). Similarly, risk factors acting directly on minipuberty 
might compromise germ, Sertoli, and Leydig cell differentiation and proliferation. 
Iatrogenic, environmental, and lifestyle risk factors during childhood might inter-
fere above all with the germ cell compartment, and those acting during puberty 
might disrupt Sertoli cell maturation, the establishment of adult Leydig cell popula-
tion, and spermatogenesis (Fig. 2.1) [5, 7]. These fundamental phases of vulnerabil-
ity are also important when dealing with EDCs, even if the intrauterine, transplacental 
phase seems to be the most important for future and transgenerational effects.

Also adolescence is a vulnerable window for the development and maturation of 
the genitourinary tract [8]. Risk factors, lifestyles, and EDC effects in adolescence 
may negatively affect adult health as well as that of future generations, through 
epigenetics.

A large body of evidence has been published dealing with various molecular and 
cellular aspects of the action of EDCs and their association with urogenital diseases. 
However, most studies focused on a single or single class of EDCs. Evidence from 
epidemiological and clinical studies is less robust, for the intrinsic difficulties high-
lighted above. Indeed, a systematic review and meta-analysis [9] of epidemiological 
studies reporting association between male reproductive disorders and exposures 
(documented by biochemical analyses of biospecimens) to chemicals that have been 
included in the European Commission’s list of Category I EDCs showed that there 
is evidence for a small increased risk following prenatal and postnatal exposure to 
some persistent environmental chemicals, but the evidence is low, with an overall 
odds ratio across all exposures and outcomes of 1.11 (95% CI 0.91–1.35).

Most studies focused on bisphenol A and phthalates [10] and more recently on 
perfluoroalkyl compounds (PFC) [11].

2.2  Bisphenol A

Bisphenols, and in particular the phenol compound 2,2-bis(4-hydroxyphenyl)pro-
pane, universally known as bisphenol A (BPA), are widely used as additives for the 
production of plastic materials, such as polycarbonate, phenol and epoxy resins, 
polyesters and polyacrylates, as well as antioxidant in foodstuffs and cosmetics [12, 
13]. Specifically, nearly the 75% of the industrial production of BPA is intended for 
the manufacture of polycarbonate-based products, which find wide application in 
food industry such as containers for food and beverages, in plastic dishes, in kitchen 
utensils, in containers for microwave cooking, and, until 2011, in bottles [14]. Of 
note, BPA is also used in epoxy resin films used as binary patina: the internal coat-
ings in the cans for canned food [15].

As a result, there is a significant risk of human exposure to BPA through inges-
tion, skin contact, or inhalation [16, 17]. Epidemiological data from the United 
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States have reported detectable levels of BPA in urine samples from more than 90% 
of the general population, resulting in a major problem of exposure to chemical 
substance [18].

Concerns about BPA issues on the human health date back to the 1930s, when 
severe impact on male sexual development had been suggested. From a mechanistic 
point of view, the most relevant risks associated with the exposure to BPA are 
mainly due to its action as an EDC. Available reports in the late 1990s firstly docu-
mented a stimulating activity of BPA on ERα [19, 20] and were confirmed later 
[21–23]. In addition, unconjugated BPA showed a binding activity to other two 
receptors: the G protein-coupled estrogen receptor 30 (GPR30), also known as 
membrane estrogen receptor alpha (mERα) [24, 25], and the orphan nuclear 
estrogen- related receptor gamma (ERR-gamma) [26, 27]. Finally, experimental ani-
mal studies demonstrated that BPA binds also to AR, the peroxisome proliferator- 
activated receptor gamma (PPAR-gamma), and the thyroid hormone receptor [22].

A wide amount of data from animal studies shows a clear effect of BPA on male 
reproductive system, even at very low doses. In rodent models, BPA exposure has 
been associated with reduced sperm count and significant reductions of the absolute 
weights of the testes and seminal vesicles [28–35]. Furthermore, the exposure to 
BPA has been associated with the alteration of other non-conventional markers of 
sperm quality such as the index of DNA fragmentation, suggesting a possible role 
as mutagen [31, 36–45]. Also, acrosomal integrity, an overall marker of the fertiliza-
tion potential, was significantly reduced by PBA exposure in murine models [29].

Several studies have been performed to disclose the possible disruption of the 
hypothalamus–pituitary–testis (HPT) axis associated with BPA exposure in animal 
models, with the result of a fairly complex picture that invariably leads to the 
impaired production of testosterone [30, 46], by both direct effects on steroidogen-
esis of the Leydig cells [42, 47, 48] and indirect effects on HPT. This latter is medi-
ated by indirect suppression of the pituitary LH release through the massive 
aromatase upregulation in the testes [49]. Importantly, because of its high lipid solu-
bility, BPA undergoes to transplacental transfer in animal models with a consequent 
detection in cord blood, an evidence reported also in humans [50–52]. Accordingly, 
BPA exposure during the prenatal period was associated with the impairment of 
both fetal development and the endocrine function of the testis, with reduced Leydig 
cell proliferation and fetal testosterone production [53–55]. Maternal exposure to 
BPA was associated with reduced sperm count and motility in male offspring and, 
in turn, with post-implantation loss and decreased litter size [56]. Of note, very 
recent studies disclosed some transgenerational effects associated with BPA expo-
sure [57].

Despite the large availability of data in animal models, fewer studies assessed the 
possible relationship between BPA exposure and semen quality in humans. A nega-
tive association between urinary BPA and sperm concentration [58], motility, mor-
phology, and sperm DNA damage has been described [59]. However, two 
independent studies on male partners from infertile couples attending infertility 
clinics were not able to retrieve any significant association between BPA urinary 
concentration and altered semen parameters [60, 61].

2 Impact of Endocrine Disruptors on Male Sexual Development
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Another field of investigation pursued was the possible correlation between 
exposure to BPA and alteration of the endocrine pattern, but widely varying sce-
narios can be observed. Lower serum levels of follicle-stimulating hormone (FSH) 
in exposed workers compared to those non-exposed were found [62], but also a 
positive and significantly association with serum testosterone levels was observed 
[63]. Another study found increased serum testosterone, free testosterone, LH, and 
estradiol in subjects pertaining to higher urinary BPA concentrations quartile, com-
pared with the lowest quartile. Subjects in the highest urinary BPA quartile also 
showed reduced progressive sperm motility compared with the lowest quartile [64]. 
On the contrary, urinary BPA concentrations were found positively associated with 
serum SHBG levels and inversely correlated with free androgen index (FAI) [61].

Finally, few studies aimed to assess the possible impact of BPA exposure on the 
overall fertility potential in males through the overall evaluation of the relationship 
between BPA levels and the reproductive outcome in the setting of assisted repro-
duction facilities. Minimal association between paternal urinary propyl paraben lev-
els and reduced live birth rate in a correlation model corrected by possible 
confounders has been reported [65]. However, no significant association emerged 
between paternal urinary BPA and reproductive outcomes after fertility treatments. 
On the other hand, urinary BPA concentration in either males or females was not 
associated with increased time to pregnancy [66].

Overall, available data are supportive of detrimental role of BPA on semen 
parameters, but this is not accompanied by clear data on sex hormones and on fertil-
ity outcomes. As suggested by other authors [67], within the limits of the availabil-
ity of data in humans, a possible reconciling explanation could rely on a greater 
direct toxicity of BPA on germ line cells, rather than in an albeit important endo-
crine disruption of the HPT axis.

In conclusion, BPA represents one of the most controversial chemical pollutants, 
with the typical features of an EDC. Early toxicological evidence on BPA date back 
to nearly 30 years ago, when major interference with estrogen signaling pathway 
was claimed. Since that time, a wide range of cell mechanisms of both endocrine 
and metabolic disruption have been claimed by the use of experimental models. In 
particular, major impairment of the HPT axis has been recognized as associated 
with the exposure to BPA during both the fetal and the adult life, resulting in altered 
testis development, impaired endocrine function, and infertility. To this regard, 
direct disruption of sperm characteristics such as reduced motility performances 
and development of genetic abnormalities have been identified. On the other hand, 
data obtained in humans are actually limited and poorly conclusive to identify a 
strict causal role of BPA in reduced male fertility potential.

Methodological differences and different study populations are factors that can 
explain some discrepancies. Moreover, available clinical outcomes, such as semen 
parameters and time to pregnancy, are likely susceptible of variation related to many 
different confounding factors. It should be noted that, as for most of chemical pol-
lutants, the identification of a reliable marker of exposure remains a major issue. 
Specifically, for BPA, urinary concentrations are surely reliable data from an ana-
lytical point of view but may not be representative of the real exposure to BPA due 
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to its short half-life. To this regard, Vitku et al. reported that BPA levels in blood 
plasma were positively correlated with BPA levels in semen, but only seminal BPA 
was negatively associated with seminal quality [68]. Finally, the cross-sectional 
design of the available studies surely provides proof of association but limited evi-
dence of causality.

One of the main problems associated with exposure to endocrine disruptors, in 
general, and to BPA, in particular, is represented by the potential activity at low 
concentrations. This represents a critical issue during the development phases, such 
as embryo/fetal life, newborn, or peri-pubertal age, since the effects in these time 
windows may be irreversible and are generally detected only at adulthood. 
Accordingly, populations at higher risk include pregnant women, infants, and ado-
lescents (Fig. 2.1). On these bases, the current European law restricted the use of 
BPA in the production of packaging and materials in direct contact with food by 
limiting migration rate to 0.05 mg/kg of food and prescribing the total absence in 
products for newborns, from food to food containers and clothes [69]. In addition, 
based on new toxicological data and methodologies, the European authorities 
adjusted the tolerable daily intake from 50 to 4 μg/kg body weight/day with an 
overall lowering rate of 12 times, highlighting the increasing level of attention for 
these health concerns.

2.3  Phthalates

Phthalates are employed in virtually all industrial applications and consumer prod-
ucts as additives and used as plasticizers in a broad range of industrial and commer-
cial products [70, 71]. The most commonly used phthalates are di-(2-ethylhexyl) 
phthalate (DEHP), di-n-butyl phthalate (DBP), diethyl phthalate (DEP), and benzyl 
butyl phthalate (BzBP). More than 75% of DEHP produced worldwide is used in 
plastic products. The other phthalates are largely used in personal care products like 
foams, shampoos, dyes, lubricants, and food packaging materials [72]. Since these 
compounds are not covalently bound polymers, their exposure to heat over time has 
the potential to favor their migration into food [73]. Indeed, plasticizers such as 
phthalate esters, because of their antiandrogen and estrogen-like activity, are indi-
cated as major EDCs. Both in vitro and in vivo toxicology studies have demon-
strated their endocrine-disrupting potential in model organisms, with endpoints 
such as antiandrogen effects, reproductive abnormalities, testicular lesions, and 
reduced sperm production [74]. However, as for other EDCs, dose ranges used for 
traditional reproductive toxicological studies were much higher than those observed 
in human epidemiological studies. Therefore, it is not surprising that these studies 
do not entirely align with the human studies. Nevertheless, in vitro and in vivo toxi-
cology studies with low exposures to phthalates were linked to decreased semen 
quality and male infertility in animals, as well as to decreased androgen production 
and steroidogenesis [66, 75–83]. Phthalates have mostly shown the antiandrogen 
effect on testicular function during steroid formation [84–86]. Furthermore, phthal-
ates as well as their metabolites (e.g., DEHP/MEHP, DBP/MBP) have stimulatory 
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effects at low doses through inducing the production of progesterone, testosterone, 
steroidogenesis-related proteins, and gene expression [77, 78, 80–83]. The adverse 
effects of phthalates on sperm quality were confirmed by ex vivo studies, where 
spermatozoa were exposed to high concentrations of phthalates, showing that sperm 
motility was affected and that cytotoxicity was caused at long-term exposures 
(> 3 days) to the metabolite DEHP [87]. In parallel, DHEP has been shown to inhibit 
testosterone production, when cultured in vitro with explants derived from human 
testes [88].

Epidemiological studies reported an association between phthalate exposure and 
altered seminal parameters [89]. It is important to note that exposure of infants to 
phthalates is due to both maternal exposure and breastfeeding. In fact, breast milk 
levels of the phthalate metabolites are positively associated with maternal diet and 
water consumption.

Studies in humans corroborated the in vitro findings and suggested that exposure 
to phthalate metabolites is correlated with lower motility of spermatozoa in men 
from subfertile couples [90]. The DNA damage induced in spermatozoa and the 
motility and morphology of the spermatozoa were weakly associated with the expo-
sure to phthalates [91–94], whereas an inverse association between MEHP exposure 
and testosterone and estradiol levels was reported [95].

Apart from infertility, data available on the effect of phthalates on male repro-
ductive health are limited [96]. Phthalates are rapidly metabolized and excreted in 
urine and feces, and therefore the assessment of exposure to phthalates in humans 
relies on the measurement of urinary concentrations of phthalate metabolites. 
However, little or even no attention is given to the possible accumulation of un- 
metabolized phthalates in different tissues [97]. This evidence raises some concerns 
about the appropriateness of parameters employed as index of exposure to contami-
nants, in particular for those substances like phthalates that, showing specific tissue 
accumulation, may exert risk associated with long-term exposures [85]. To this 
regard, quantification of both parent compound and corresponding metabolites in 
specific body fluids may represent an informative parameter with better correlation 
with clinical parameters [86].

2.4  Perfluoroalkyl Compounds

Perfluoroalkyl compounds (PFCs) or substances (PFAS) are a class of organic mol-
ecules characterized by fluorinated hydrocarbon chains extensively used in industry 
and consumer products including oil and water repellents, coatings for cookware, 
carpets, and textiles. PFCs possess unique physical chemical properties due to their 
amphiphilic structures and their strong carbon-fluorine bonds. Therefore, long- 
chain PFCs are non-biodegradable and bioaccumulate in the environment [98, 99]. 
PFCs have been found in humans and in the global environment, and their toxicity, 
environmental fate, and sources of human exposure have been a major subject of 
research. Currently, 23 PFCs are distinguished, including perfluorooctanoic acid 
(PFOA) and perfluorooctane sulfonate (PFOS), which are the predominant forms in 
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human and environmental samples. Both in vitro and animal studies on PFC toxic-
ity have shown a detrimental effect of PFOA and PFOS on testicular function, 
through alteration of steroidogenic machinery and subsequent defect of spermato-
genesis [100–104]. Among the endocrine effects of PFOS in particular, it should be 
emphasized that this compound can affect the HPT axis activity [105, 106]. It is also 
able to exert its toxicity at testicular level [107], as reported in rats [105, 108] and in 
testis models [109]. According to a recent study on male rats [110], high doses of 
PFOS orally administered for 28 days seem to modify the relative gene and protein 
receptor expressions of several hormones of the reproductive axis (GnRH, LH, 
FSH, and testosterone). Recently, exposure to PFOA was associated with reduction 
in sperm motility through alteration of sperm membrane fluidity [111].

Various PFC compounds have been found in human serum [112], seminal fluid 
[113], breast milk [114], and even umbilical cord [115], suggesting a lifelong expo-
sure to PFCs in humans, from fetal stages until the adult life. Indeed, PFCs act as 
endocrine disruptors on the fetus and newborns, leading to developmental defects 
[116]. This has led to strict regulation of PFOA and PFOS use in industrial pro-
cesses, as the compounds were added to the Annex B of the Stockholm Convention 
on Persistent Organic Pollutants. In addition to the health concerns related to fetal 
development, epidemiological studies have focused also on the relationship between 
PFCs and human fertility. In utero exposure to PFOA was associated later in adult 
life with lower sperm concentration and total sperm count and with higher levels of 
LH and FSH [117].

Besides the impact of PFCs on the professionally exposed populations, recent 
evidence of pollution from chemical industries producing PFCs have emerged also 
in the general population from at least four different areas worldwide: Mid-Ohio 
valley in the United States, Dordrecht area in Netherlands, Shandong district in 
China, and Veneto region in Italy [118]. Despite strong evidence pointing toward a 
negative role of PFCs on male reproductive function, to date, few evidence is avail-
able on the actual effect of these substances on seminal parameters in men, with 
conflicting results [113, 119, 120]. Two cross-sectional studies reported negative 
associations of PFOS, or high PFOA and PFOS combined, with the proportion of 
morphologically normal spermatozoa in adult men [119, 121]. Furthermore, in a 
study of men attending an in vitro fertilization clinic, Raymer et al. [113] reported 
that LH and free testosterone significantly and positively correlated with plasma 
levels of PFOA, although PFOA was not associated with semen quality. Conflicting 
results are reported also for the association between PFCs and sperm DNA quality, 
although a significant trend is evident for increased DNA fragmentation in exposed 
men [120, 122, 123]. In infertile males, PFOS levels were higher than fertile coun-
terparts, together with a higher gene expression of ERα, ERβ, and AR [124, 125], 
suggesting that PFC activity might be linked also to the genetic expression of sex 
hormones’ nuclear receptors. With respect to AR, PFOS and PFOA induce a 
decrease of the protein expression of this receptor in the hypothalamus and pituitary 
gland as well as in the testis [126]. These findings clearly suggest an antiandrogenic 
potential of PFCs. More recently, in a cross-sectional study on 212 exposed males 
from the Veneto region in Italy, and 171 non-exposed controls, increased levels of 
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PFCs in plasma and seminal fluid positively correlated with circulating testosterone 
and with a reduction of semen quality, testicular volume, penile length, and ano-
genital distance [127]. Furthermore, the antiandrogenic property of PFOA was 
related to antagonism on the binding of testosterone to AR [127].

In conclusion, in men, there is little evidence for an association between PFC 
exposure and semen quality or levels of reproductive hormones. As is the case for 
many epidemiological studies, causality cannot be definitively established in these 
studies, largely because of their cross-sectional design. However, the consistency of 
findings in pre-clinical studies strongly suggests a causal relationship for some 
endpoints.

2.5  Conclusions

EDCs can potentially cause harmful effects to the male reproductive system. In 
addition to the classical action of EDCs that includes the agonism and/or antago-
nism with hormone and nuclear receptors, the last decade of scientific research has 
given significant advances in the field of molecular biology that identified several 
compounds as endocrine disruptors, by interfering with the cell cycle, the apoptotic 
machinery, and the epigenetic regulation of the target cells [128]. However, action 
mechanisms should not be generally extrapolated since each chemical has different 
routes to interfere with endocrine activity. Among the tens of known EDCs, BPA, 
phthalates, and PFCs are particularly intriguing for male sexual and reproductive 
consequences given the strong experimental evidence of effects on hormone nuclear 
receptors (AR and/or ER), HPT axis, and direct action on spermatogenesis and ste-
roidogenesis. However, epidemiological studies in humans have shown controver-
sial and inconsistent results. This discrepancy can be attributed to several factors 
that could affect the outcome of the studies, notably to the complexity of the clinical 
protocols used, the degree of occupational or environmental exposure, the selection 
of the target group under investigation, the determination of the variables measured, 
and the sample size of the subjects examined. Despite the lack of consistency in the 
results of the human studies, the overall conclusion points toward a positive associa-
tion between exposure to EDCs and alteration of the reproductive system.
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From Genetics to Epigenetics: New 
Insights into Male Reproduction
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3.1  Introduction (Genetic Versus Epigenetic Cause 
of Male Infertility)

Male infertility represents a growing concern worldwide, since 9–15% of males in 
reproductive age are infertile in different geographic areas [1–4]. Despite the large 
number of tools available for the study of this condition, so far in about 30–40% of 
infertile males, a specific cause of the disease cannot be identified, and these patients 
are defined as affected by “idiopathic male infertility” [5]. Great interest has been 
devoted in the last decades to the investigations of possible genetic causes of male 
infertility. Nevertheless, so far the only genetic conditions affecting male infertility 
in a substantial number of cases are 47,XXY karyotype and Yq microdeletions in 
non-obstructive azoospermia or severe oligozoospermia [6, 7] and CFTR gene 
mutations in obstructive azoospermia. Due to the availability of high-throughput 
techniques for gene analysis, several variants in a number of additional genes have 
been detected [8, 9]. Nevertheless, the overall prevalence of gene mutations detect-
able in infertile males still appears to account for no more than 25% cases. In this 
picture, it is essential to look to different directions. A very promising topic of 
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research in this field is represented by epigenetics, that is, the effect of environmen-
tal factors able to affect gene expression. Technically speaking, epigenetics, a term 
first coined by Conrad Waddington in the 1940s [10], can be defined as the study of 
meiotic and/or mitotic inherited changes in the function of specific genes not related 
to modification in the DNA sequence [11]. The relevance of epigenetic effects on 
sperm gene expression can be synthetized as follows: (i) several environmental fac-
tors, including psychological stress, are known to affect male infertility and all of 
them are suspected to perform their activity by means of epigenetic mechanisms; 
(ii) sperm is one of the very few human tissues in which epigenetic modifications 
can be directly analyzed in the cells involved by the disease; (iii) epigenetic modifi-
cations can be transmitted, raising the question about the possible effects on the risk 
of congenital or late-onset disorders in the offspring; and (iv) epigenetic modifica-
tions are reversible, thus representing a very good candidate for personalized treat-
ment, in particular in male partners enrolled in assisted reproduction technique 
(ART) protocols.

In this section, we will describe the most recent discoveries in the field of epigen-
etic of male fertility by stressing the possible risks derived from the transgenera-
tional transmission of epigenetic modifications and the therapeutic perspectives for 
infertile males.

3.2  Molecular Basis of Epigenetics

DNA methylation, histone modifications, and small non-coding RNAs represent the 
main epigenetics marks [12]. These mechanisms play an important role in a number 
of biological processes involving chromatin structure and are tightly linked to the 
field of reproductive biology.

The major regulator of gene expression is DNA methylation, a dynamic process 
that adds a methyl group on the fifth carbon of the cytosines within a CpG site, 
thereby forming 5-methylcytosine. These dinucleotides are clustered in the differ-
ently methylated regions (DMRs) often placed near gene regulatory regions, such as 
the promoter [13]. In most instances, hypermethylation suppresses gene expression, 
preventing the transcription factors’ and DNA polymerases’ recruitment. DNA 
methylation is under the control of DNA methyltransferases (DNMTs) and enzymes 
of the demethylation pathway such as the ten-eleven translocation (TET), the 
thymine- DNA-glycosylase (TDG), and the DNA base excision repair (BER) [14]. 
There are two types of DNMTs, namely, DNMT1, which mainly plays a role in the 
maintenance of methylation of the newly synthesized strand after each DNA repli-
cation cycle, and DNMT3a–DNMT3b playing a major role in “de novo” methyla-
tion, occurring in specific chromosomal regions during early embryogenesis. 
Cytosine methylation can occur also in non-CpG sites (CpA, CpT, CpC). Although 
the significance of these variants is still unknown, it is restricted to specific cell 
types, such as pluripotent stem cells, oocytes, neurons, and glial cells [15]. The 
second epigenetic mark is represented by post-translational modifications of the 
amino terminal tails of the core histones (H2A, H2B, H3, H4), which include 
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methylation, acetylation, sumoylation, and phosphorylation. They can be easily 
induced and removed by many different enzymes increasing or decreasing access to 
DNA by the transcriptional machinery such as enhancers or repressors [16]. Many 
distinct histone modifications, on one or more tails, act sequentially or in combina-
tion, and this system of gene regulation is termed the “histone code” [17]. Generally, 
the methylation, which frequently occurs on histones H3 and H4 on specific lysine 
(K) and arginine (A) residues, is a key regulator for both activation and inhibition of 
transcription. For instance, methylation of H3K4 and H3K36 is usually considered 
as an activation mark, while when occurring at H3K9, H3K27, and H4K20 as a 
repressive mark. Acetylation and deacetylation at lysine residues are also important 
histone changes, modulated by the combined action of two enzymes known as his-
tone acetyltransferase (HAT) and histone deacetylase (HDAC) that work to modify 
chromatin conformation. Acetylation correlates with the condensation of the chro-
matin and leads to transcription. Conversely, deacetylation of the lysine residues 
leads to chromatin condensation, making genes transcriptionally inactive. Then, 
phosphorylation of serines is associated with transcriptionally active chromatin 
because it precedes acetylation at lysine residues [18].

Finally, different RNAs, including short-chain non-coding RNAs, such as small 
interfering (siRNAs, 19–24 pb), microRNA (miRNAs, 19–24 pb), piwi interacting 
RNA (piRNAs, 26–31  pb), and long non-coding RNA (lncRNAs, generally 
>200 pb), are a class of relatively newly identified gene expression regulators [19, 
20]. These non-coding RNAs do not encode functional proteins, being anyway able 
to regulate gene expression of encoding genes to control cell differentiation. A spe-
cific feature of epigenetic control is represented by genomic imprinting, involving 
about 150 genes, in which the gene expression is limited to one of the two parental 
alleles. Genomic imprinting determines the transcription rate of genes through a 
fine balance between the two parental alleles’ expression that is established during 
gametogenesis and maintained throughout life. Each paternal and maternal allele 
contains different DMRs located near imprinted genes that affect gene expression. 
Several disorders related to alterations of this process are known, such as Prader- 
Willi syndrome (PWS), Angelman syndrome (AS), Beckwith-Wiedemann syn-
drome, and Silver-Russell syndrome [21].

3.3  Epigenetics and Human Spermatogenesis

Spermatogenesis is a highly complex and well-organized biological process in 
which spermatozoa are produced from spermatogonial stem cells. The formation of 
a mature sperm into the testicular tubule lumen requires three different transitions: 
(i) from mitotic spermatogonia to spermatocytes; (ii) from meiotic spermatocytes to 
spermatids; and (iii) from spermatids to mature spermatozoa (spermiogenesis). The 
spermatogenic process requires approximately 74  days, and the estimated daily 
sperm production ranges from 150 to 275 million spermatozoa in normal men [22].

During the different steps of spermatogenesis, a strict and precise regulation of 
gene expression at transcriptional, post-transcriptional, and epigenetic level 
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occurs. During spermiogenesis, the chromatin undergoes further condensation, 
due to the replacement of 90–95% histones with protamines, small molecules rich 
in arginine, inducing sperm DNA compaction. The protamination of sperm chro-
matin plays an important role in conferring extreme stability to the core of the 
sperm nucleus, improving sperm motility, protecting the sperm genome from oxi-
dation and harmful molecules all along the female reproductive system, and 
blocking the transcriptional activity of the sperm DNA [23]. This process can be 
considered as a first example of epigenetic mechanism of gene expression control 
in sperms. In the first step of histone-protamine transition, histone hyperacety-
lation induces a loose chromatin structure; as a result, the histones are replaced 
with transition proteins (TP1 and TP2) [24]. The second step occurs in elongating 
spermatids in which the transition proteins are replaced with protamines [25]. 
Mature spermatid nuclei present two types of protamines, and the ratio of P1/P2 
protamines is equal to one in fertile men. P1/P2 ratio appears to be critical for 
male fertility; in fact, the variations in sperm protamine expression and derange-
ment of ratio have been correlated with the inadequate chromatin condensation, 
the increase in the DNA fragmentation, and important alterations in sperm param-
eters, such as motility and counts [26–28]. In addition, during the entire process 
of spermatogenesis, sperm cells undergo important modifications in DNA meth-
ylation. In fact, the erasure of DNA methylation is followed by de novo methyla-
tion that takes place before meiosis. In the process of de novo DNA methylation, 
the DNMT3A/B is recruited also through the cofactor DNMT3L activity, after 
birth at the stage of pachytene spermatocyte. Then, DNMT1 is responsible from 
maintenance of methylation profile. In addition, dynamics of histone modifica-
tions are critical for the spermatogenesis and early embryogenesis [29], modify-
ing DNA accessibility to transcription factors. Generally, the methylation of 
H3K4  in spermatogonial stem cells is required to begin differentiation toward 
spermatocytes, whereas it diminishes during meiosis, promoting DNA silencing. 
The methylation level of H3K9 and H3K27 increases during meiosis, whereas 
histone H3-K9 methylation is removed to onset of spermiogenesis, promoting 
gene activation [30]. Specific enzymes such as histone methyltransferase (HMT) 
and histone demethylase (HDM) regulate these methylation patterns. In addition, 
the processes of acetylation and deacetylation of H3 and H4 lysine residues occur 
by means of HAT and HDAC activity. In particular, H3 and H4 lysine residues’ 
acetylation is high in male stem cells but is removed during meiosis [30]. 
Moreover, the reacetylation of H4K plays a crucial role for correct histone to 
protamine transition in elongating spermatids [24].

The spermatozoon contains many specific RNAs, mRNAs, miRNAs, piRNAs, 
and tRNA fragments (tRNAs) which are markers of male infertility, particularly 
concerning spermiogenesis [30]. The study of biogenesis of the RNA payload of 
mature sperm is an area of intensive ongoing investigation because RNAs contribute 
to embryo development, but to date, this process is not completely understood [31]. 
Recently, it has been demonstrated that sperms carry RNAs previously synthesized 
in epididymal somatic cells, suggesting that soma-germline RNA transfer occurs in 
male mammals via vesicular transport [31, 32]. An abnormal epigenetic 
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reprogramming that may occur during each stage of spermatogenesis adversely not 
only affects male fertility and the outcome of in vitro fertilization (IVF) but also has 
consequences on the embryo and on the offspring’s health [33, 34].

3.4  Factors Affecting Epigenetic Modifications in Sperm

A crucial question in the context of the study of epigenetic modifications during 
spermatogenesis is the one related to the external factors able to induce these 
changes (Fig. 3.1). In the last decade, a growing interest has been devoted to the 
study of two main factors invoked as possible causes of epigenetic alterations: (i) 
paternal lifestyle and (ii) exposure to environmental factors.

3.4.1  Lifestyle Factors (Diet, Exercise, Obesity, Smoke)

It has been demonstrated from a long time that couples with overweight, obese, or 
heavy smoker male partners have increased risk of infertility [35–38]. At present, it 
is definitively clear that exposure to periconceptional adverse lifestyle factors 
(unhealthy diet, physical inactivity, tobacco smoking, and alcohol abuse) can result 
not only in defect in spermatogenesis process but also in recurrent implantation 
failure, miscarriage, prematurity, and congenital malformations [39]. In this view, it 
has been strongly suggested that these exogenous agents can have adverse impact 

LIFESTYLE
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ENVIRONMENTAL
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EPIGENETIC MODIFICATIONS
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Fig. 3.1 Epigenetic modifications induced by environmental agents and lifestyle factors can lead 
to spermatogenesis failure, altered embryonic development and the offspring phenotype during 
lifetime
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upon male individual health status, including reproduction, through an aberrant epi-
genetic regulation [40, 41].

The sperm epigenome is dynamically reactive to environmental and lifestyle 
stressors, but to date, the degree to which exogenous factors influence the fidelity 
of epigenetic reprogramming is unknown [42]. Several animal studies have dem-
onstrated that the sperm epigenome may be responsive to dietary factors, and few 
recent studies appear to confirm this correlation in humans as well. In fact, obese 
men, already known to be more likely affected by oligo-azoospermia as com-
pared to normal weight men [43, 44], have been also identified as carriers of a 
distinct epigenetic marks in sperm, in particular at genes that control brain devel-
opment and function [45]. Moreover, the weight loss induced after gastric bypass 
(GBP) led to a progressive modification of the sperm epigenome, with about 
1500 genes, some of which implicated in the central control of appetite, showing 
modifications in their epigenetic status 1 week after the surgery, and about 3000 
genes 1 year after GBP [45]. In addition, the association between male obesity 
and DNA methylation alterations in spermatozoa at the regulatory regions of 
imprinted genes, which are growth effectors, plays an important role in early 
embryonic and fetal growth [42].

Alcohol consumption is also associated with deterioration of semen parameters 
[46, 47], and it has been demonstrated the alcohol’s effect in lowering methyltrans-
ferase activity in sperm resulting in demethylation of normally hypermethylated 
imprinted regions in sperm DNA [48].

In addition, a 3-month supplementation of folate and anti-oxidants, such as vita-
min C, vitamin E, lycopene, zinc, and selenium, improved the sperm quality and 
increased global sperm DNA methylation in infertile men [49]. These results in 
humans underline the need of further research to understand if some harmful conse-
quences of unhealthy diet could be normalized through specific personalized nutri-
tion [50].

The negative impact of smoking on sperm count, motility, and morphology has 
been well characterized [51] and is probably due to alterations in sperm DNA meth-
ylation patterns [52] as well as in the expression of sperm miRNAs involved in the 
mediation of the pathways of cell death and apoptosis [53].

Emerging evidence in humans indicates that also physical exercising influences 
epigenetic pattern in sperm cells; in fact, a 3-month endurance training intervention 
modified the methylation of genes associated with a wide range of diseases, such as 
schizophrenia, Parkinson’s disease, cervical cancer, and leukemia [54]. Similarly, 
alterations of DNA methylation occurred in spermatozoa collected before and after 
a 6-week endurance exercise intervention, as well as after 3 months without exer-
cise training [55]. Taken together, these observations suggest that the modifiable 
lifestyle factors could offer a therapeutic opportunity for the subfertile male. In 
particular, the plasticity of epigenetic modifications could represent a target for pos-
sible future interventions in improving the quality of human sperm. In fact, since the 
spermatogenesis process is completed in a few weeks, a restricted period of the 
personal lifestyle care could restore a physiological epigenetic mark of the 
sperm [56].
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3.4.2  Environmental Factors (Endocrine Disruptors, 
Psychological Stress, Pollution, Heat, Toxins, 
Ionizing Radiation)

Also environmental factors, such as heat, psychological stress, pollution, toxins, 
and ionizing radiation, have been shown to affect the epigenetic state in sperm.

It has been evidenced in animal models that the heat can alter the DNA methyla-
tion programming in the paternal genome [57, 58]. In particular, perturbations of 
H3K27me3 in sperm chromatin induced by heat higher than 65 °C may decrease 
embryo implantation rate [57]. In this view, it has been proposed that varicocele, a 
condition inducing increased temperature in the testis, could induce alteration of 
DNA methylation in spermatozoa, thus explaining its potential negative effect on 
spermatogenesis [59, 60].

It has been documented that prolonged exposure to sauna sessions in normozoo-
spermic subjects induces a significant but reversible impairment of spermatogenesis 
including alterations of sperm parameters, mitochondrial function, and sperm DNA 
packaging. Moreover, continuous sauna exposure leads to a complex gene response, 
including expression of genes involved in heat stress and hypoxia [61].

Another environmental factor able to induce epigenetic modifications in germ 
cells is represented by psychological stress, which is a well-known factor of reduced 
male fertility [62]. In this view, animal and human data suggest that the exposure of 
early life stress, such as abusive and/or dysfunctional family behavior, alters expres-
sion of specific sperm miRNA family [63].

A further increase in our knowledge about the relationship between stress and 
sperm function has been provided by the recently developed field of epididymo-
somes. These structures, considered as mediators of epididymal soma-spermatozoa 
intercellular communication, are represented by small membrane-bound vesicles 
released by the soma of epididymis that encapsulates an impressive cargo of miR-
NAs, the majority of which are represented in the miRNA signature of sperm. These 
vesicles are now considered as candidate vectors to facilitate the epigenetic infor-
mation transfer to sperm [32]. Epididymosome miRNA cargo may be vulnerable to 
perturbation following paternal exposure to various forms of stress [64–66]. Further 
research about how epididymal soma responds to environmental cues to alter the 
molecular cargo of epididymosomes is warranted.

The role of radiation exposure as a very strong risk factor for male infertility is 
very well known from a long time. For example, men treated with radiation for 
childhood cancers show an elevated sperm DNA fragmentation index and an 
increased risk of negative consequences in terms of fertility [67]. On the other hand, 
limited data are available as concerning the association between occupational radia-
tion exposure and risk of fertility and reproductive outcomes [68, 69]. In this view, 
it is important to stress that ionizing radiations have been invoked as a risk factor 
also for epigenetic modifications [70].

Other exposures, such as environmental chemicals, including metals (cadmium, 
arsenic, nickel, chromium, methylmercury), peroxisome proliferators (trichloroeth-
ylene, dichloroacetic acid, trichloroacetic acid), air pollutants (particulate matter, 
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black carbon, benzene), and endocrine-disrupting/reproductive toxicants (bisphenol 
A, diethylstilbestrol, persistent organic pollutants, dioxin), have been proved to mod-
ify epigenetic pathways in both experimental and epidemiological studies [71]. The 
harmful effects of endocrine-disrupting factors or their metabolites in disturbing 
spermatogenesis both at the level of the hypothalamic-pituitary axis and in the testis 
are well known [41, 72–75]. Endocrine-disrupting chemicals can potentially inter-
fere with male and female reproductive systems either through direct interaction with 
hormone receptors or via epigenetic and cell cycle regulatory modes of action [76]. 
For example, the exposure to bisphenol A (BPA), which is present in many manufac-
ture polycarbonate plastics and epoxy resins, including food and beverage containers 
and dental composites, has been correlated to anti-androgenic/anti- estrogenic effects 
and poor semen parameters [77]. The exposure to this environmental chemical could 
impair gene expression via affecting DNA hydroxymethylation in spermatogenesis, 
thus reducing human sperm quality [78]. Other investigations evidenced that chroni-
cal exposure to ethylene dibromide, used as a fumigant and in gasoline, was associ-
ated with a reduced sperm count and altered morphology and motility [79, 80]. This 
effect is probably due to the ethylene dibromide binding to histones and disturb of 
DNA packing, as evidenced in animal models [81].

Air pollution is correlated with increased air content of carbon monoxide (CO), 
nitrous dioxide (NO2), sulfur dioxide (SO2), ozone, lead (Pb), and particulate mat-
ter (PM), which is of particular interest, because it can carry a group of compounds 
that includes several endocrine disruptors. It has been observed that exposure to 
specific air pollutants alter sperm DNA integrity [82–84]. It is worth to mention that 
damage to spermiogenesis induced by air pollution exposure and in particular its 
genotoxic effects and epigenetic alterations require further investigation [71, 85]. 
Mice exposed to steel plant air showed germline mutations, DNA damage, and 
global hypermethylation compared to controls, and interestingly, this epigenetic 
mark persisted following removal from the environmental exposure [86]. Future 
studies in humans should strive to elucidate the underlying molecular mechanisms 
by which toxicant compound exposure may affect the sperm DNA damage and 
epigenetic modifications leading to affect fertility. Moreover, further research could 
especially determine whether DNA methylation changes determined by air pollut-
ants are transmitted transgenerationally.

3.5  Transgenerational Inheritance

One of the most surprising features of epigenetic modifications of sperm DNA is the 
evidence that some of these changes can be retained after fertilization by the zygote 
and can escape the epigenetic reprograming occurring during embryo development. 
As a matter of fact, until a few years ago, the only example of transmission of epi-
genetic modifications to the offspring was related to the effects of maternal environ-
mental exposure during pregnancy. Nevertheless, more recently, it has been 
evidenced that also paternal exposures to toxins, stress, nutrition, and other factors 
could play a crucial role in transgenerational epigenetic inheritance [87]. In other 
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words, it has been demonstrated that life experiences of fathers may be transmitted 
though the germline to offspring and perhaps subsequent generations in the form of 
epigenetic modification of sperm DNA.  This leads some authors to suggest the 
novel term of “paternal exposome” as origin of health and disease in the offspring 
derived from paternal influences (“Paternal Origins of Health and Disease,” 
POHaD) [50].

3.6  Assisted Reproductive Technique (ART)

Epigenetic modifications in the offspring conceived by ART have been largely doc-
umented both in animal models and in human [88]. One of the most frequently 
invoked causes of this effect is represented by technical stress induced by ART in 
terms of ovulation induction, manipulation of eggs, and embryo culture [89–93].

In particular, a crucial role of in vitro culture conditions has been suggested in 
the case of “large offspring syndrome” (LOS) evidenced in sheep and cattle after 
ART [94–96]. However, also epigenetic defects in the gametes used in ART have 
been invoked as a possible cause of epigenetic alterations in the embryo, due to the 
presence of DNA methylation changes in the sperm of men with defects of sper-
matogenesis [97, 98].

More recently, a large number of studies have confirmed the presence of altera-
tions potentially related to epigenetic mechanisms in the offspring generated by ART 
[99–101]. Significant changes in both cardiac systolic and diastolic function in the 
ART population during childhood have been evidenced by Liu et al., who suggested 
an increased risk of early-onset myocardial alterations in children generated by ART 
[99]. The risk of cardiovascular dysfunction has been confirmed by Guo et al., who 
evidenced a statistically significant increase in blood pressure in 1–22-year-old chil-
dren conceived by IVF [100]. An increased risk for cardiometabolic diseases has 
been suggested also by Kosteria et al. by the analysis of the proteomic profile of 
children born after intracytoplasmic sperm injection (ICSI) [101]. On the other hand, 
an increased risk for neurodevelopmental disorders, including autism spectrum dis-
order (ASD), in ART children has not been clearly demonstrated [102].

These data raise the question about long-term health implications of ART, mainly 
as concerning the risk of developing metabolic syndrome, type 2 diabetes, cardio-
vascular diseases (CVD), and infertility. Large-scale epidemiological studies are 
required to clarify if ART-conceived children are actually at increased risk of life-
long diseases and if epigenetic mechanisms are at the base of this process [103, 104].

3.7  Conclusions

The very impressive increase of the studies in the field of the role played by epigen-
etic modifications in male reproduction is disclosing an unexpected number of pos-
sible consequences of such alterations during the entire lifetime of the individual 
and this offspring.
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The relationship between sperm epigenetic signatures and clinical outcomes in 
ART represents one of the most intriguing topics in this field. In fact, males are better 
candidate than women both for the identification of epigenetic markers in their gam-
etes and for the development of novel therapeutic strategies aimed to induce a revers-
ibility of epigenetic alterations [45, 49, 56]. In particular, since spermatogenesis 
process is completed in a few weeks, and it has been demonstrated in obese species 
that epigenetic pattern of sperm DNA can be restored in a short time, it is possible to 
suggest that a few months period of care of the personal lifestyle could provide a ben-
efit for the quality of male gametes. The efficiency of this approach could be easily 
assessed by a simple analysis of sperm samples before and after treatment. Thus, 
personalized nutrition and specific attention to male lifestyle could represent a very 
powerful and costless tool in the prevention and restoration of epigenetic alterations 
induced by unhealthy lifestyle or exposure to environmental agents [105].
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4.1  Introduction

Normal sexual development is a multistep process which requires three different 
main phases (Jost model, [1–2]). The establishment of chromosomal sex allows the 
differentiation of the indifferent gonadal ridge into either testes or ovaries. In par-
ticular, in males, the expression of the product of the gene called SRY (sex determi-
nation region of Y chromosome), which occurs around the sixth week of gestation, 
guides the differentiation of both Sertoli and Leydig cells leading to the production 
of specific hormones allowing for the development of phenotypically male internal 
and external genital anatomy ([1–2]; see also Fig. 4.1). Testosterone (T) production 
usually begins between the eighth and the ninth weeks of gestation and, along with 
the contribution of the testis release of INSL-3 (insulin-like factor-3), regulates tes-
tis descent from the abdomen to the scrotum (see Fig. 4.1). In addition, whereas T 
mainly contributes to the development of internal genitalia from Wolff’s ducts, its 
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conversion to the more potent androgen dihydrotestosterone (DHT) is mainly 
involved in the regulation of prostate and external male genitalia differentiation 
([1–2]; see also Fig.  4.1). At the same time, the Sertoli cell production of anti- 
Müllerian hormone (AMH) allows Müllerian duct regression. However, Müllerian 
duct remnants can persist in the adult male, located in the appendix testis, or in the 
prostatic utricle, an expansion of the prostatic urethra ([1–2]; see also Fig. 4.1).

It is important to recognize that luteinizing hormone (LH) receptor expression on 
Leydig cells occurs around the 12th week of gestation. Hence, for at least 3 weeks of 
gestation, T production appears to be independent of human chorionic gonadotropin of 
LH regulation [1, 2]. Accordingly, the rare condition of so-called Leydig cell hypopla-
sia syndrome (estimated incidence of 1:1000,000 newborns) due to loss-of-function 
mutations on the LH receptor (LHR), or LH/hCG receptor (LHCGR), is characterized 
by female external genitalia and bilateral retained abdominal testes with the presence 
of T-dependent Wolff-derived structures, such as epididymides and vasa deferentia [3].

Milder forms of the latter syndrome, due to milder LHCGR function, have also 
been described. The latter forms are characterized by a broader array of phenotypic 
expression with micropenis, severe hypospadias, and disorder of sex differentiation 
and virilization [3].

Hence, according to the Jost model, three different steps are crucial for normal 
sexual development (sex chromosomal establishment, differentiation of the testis or 
ovary, and hormonal production). The perturbation of each of these phases can be 
the cause of an impaired male genital tract development. Several conditions are 
known to be involved. However, in the vast majority of cases, the real etiology of 
male genitalia tract abnormalities remains unknown.

In this chapter, the most frequent and most important male genitalia tract abnor-
malities will be summarized. In addition, possible medical and surgical approaches 
will be discussed.

Genital 
ridge

Bipotential 
Gonad

Testis

Sertoli 
cells

Leydig
cells

Genital 
development

Sex determination
(homone independent)

Sex differentiation
(homone dependent)

46, XY
SRY +
RSPO1/SOX9/FGF9

WT1
SF-1

Muller ducts regression

Gubernaculum development
II phase testis descent

Wolff duct development
Brain androgenization

Virilization of
external genitalia

AMH

INSL3
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Fig. 4.1 Pathways from primordial gonad to sex determination and to sex differentiation: key 
genes and testicular hormone actions are summarized. AMH Anti-müllerian hormone, T 
Testosterone, INSL-3 Insulin like 3, DHT Dihydrotestosterone
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4.2  Disorders of Male Sexual Development (DSD)

About 1:4500 infants is born with abnormalities of the external genitalia [4]. DSD 
include widely different clinical conditions in which chromosomal, gonadal, or 
anatomical sex development is atypical [4, 5]. In 2008, Hughes et al. [5] intro-
duced a new classification of DSD conditions, starting from a karyotype analysis. 
In particular, the previously used term “intersex” was abolished since it is consid-
ered discriminating and offensive [5]. According the new classification, three 
main categories are recognized: sexual chromosome DSD, 46,XX DSD, and 
46,XY DSD (see Table 4.1). Overall, DSD is clinically characterized by the pres-
ence of ambiguous external genitalia at birth, leading to possible difficulties in 
gender definition. However, it is important to recognize that even some conditions 
in which there are no “genital ambiguities” and in which the “social” sex of the 
person is not in doubt (e.g., Klinefelter’s, Turner’s, Rokitansky’s, androgenic 
complete insensitivity), but one (or more than one) chromosomal/molecular 
mechanism of sex development is “atypical,” were also included (Table 4.1). The 
specific pathognomonic characteristics of each condition included in the umbrella 
of DSD are beyond the aim of the present chapter and have been reviewed else-
where [4, 5]. Some more details will be provided for those defects related to 
androgen biosynthesis problems or actions.

4.2.1  DSD Due to Androgen Biosynthesis Problems or Actions

T and its related sex-derived steroids are all derived from cholesterol. Hence, sev-
eral genes involved in steroidogenesis can underlay DSD defects (see Table 4.1).

 1. 2.1.1 Congenital lipoid adrenal hyperplasia represents the most severe genetic 
disorder of steroidogenesis. It results as a consequence of steroidogenic acute 
regulatory protein (StAR) gene mutations, involved in the first step of the com-
plex enzymatic steroidogenic process [6]. In this condition, Leydig cells are lost 
early on during gestation, and the affected 46,XY fetuses are characterized by 
female external genitalia and blind vaginal pouch at birth, without the develop-
ment of Müllerian duct derivatives [6]. In addition, due to associated adrenal 
insufficiency, this condition represents a life-threading condition at birth. A 
milder phenotype can be present with the retention of about 20–25% of normal 
StAR activity [6].

 2. 2.1.2 A similar phenotype is observed in the presence of gene mutations in the 
20,22-desmolase enzyme, which is involved in the conversion of cholesterol to 
pregnenolone ([6]; Fig. 4.2).

 3. 3β-Hydroxysteroid dehydrogenase (3β-HSD) catalyzes the conversion from 
hydroxyl to keto group during steroidogenesis (Fig. 4.2). The 3β-HSD deficiency 
is a rare condition in which 46,XY newborns are able to synthetize only small 
amounts of androgens by peripheral conversion of adrenal and testicular DHEA 
resulting in minor defects including small phallus and hypospadias and cryptor-
chidism [6].
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 4. 17α-Hydroxylase/17,20-Lyase
Both the 17α-hydroxylase and the 17,20-lyase are catalyzed by the same gene 

(P450c17) as the 17,20-lyase is mainly important for sex steroid production 
(Fig. 4.2, [6]). Mutations on P450c17 gene cause adrenal insufficiency in males 
and absent or incomplete development of external genitalia [6].

 5. 2.1.5 17β-Hydroxysteroid Dehydrogenase (17β-HSD)
Three isoenzymes have so far been discovered [6]. The 17β-HSD type 3 (17β- 

HSD3) is involved in the conversion of androstenedione to T (Fig. 4.2). Male 
children with 17β-HSD3 deficiency display DSD, with hypogonadism, hypospa-
dia, micropenis, and inguinal or intra-abdominal testes [6].

 6. 2.1.6 Morris Syndrome
Morris syndrome or complete androgen insensitivity syndrome (AIS) is a rare 

condition (1:20000–1:100.000) caused by inactivating mutations of the X-linked 
androgen receptor gene in a 46,XY male [7]. The lack of androgen action leads 
to the development of normal female external genitalia with a short blind vagina, 
absence of Müllerian-derived internal genitalia (uterus and fallopian tubes), and 
bilateral retained testis [7]. At puberty, usually, normal breast development 
occurs with diminished or absent secondary terminal hairs and primary amenor-
rhea. Milder forms of AIS have also been described with a large spectrum of 
clinical phenotypes from DSD to milder virilization [7].

 7. 2.1.7 Steroid 5a-Reductase 2 Deficiency
It is a rare autosomal recessive DSD, described for the first time in 1961 by 

Nowakowski and Lenz [8]. Two different 5a-reductase isoenzymes involved in 
the conversion of T to DHT have been isolated. Whereas the role of isoenzyme 1 
has not yet been well defined, isoenzyme 2 is expressed in genital tissues and in 
the prostate, and it is crucial for the normal development of these structures [8]. 
Several mutations in the gene coding for isoenzyme 2 have been described. 

Cholesterol

Pregrenolone 17-hydroxypregrenolone DHEA

Progesterone 17-hydroxyprogesterone Delta-4-androstenedione

Testosterone

Dihydrotestosterone

17-α

17-α 17, 20

17, 20

3-β 3-β 3-β

17-βR

17-βR
5-α-R

Estradiol

Estrone

A

A

DHEASSK

Fig. 4.2 Schematic representation of sex steroid synthesis. 17α 17α-hydroxylase (CYP17, 
P450c17), 17,20 17,20 lyase (also mediated by CYP17), 3β 3β-hydroxysteroid dehydrogenase, 
17βR 17β-reductase, 5αR 5α-reductase, DHEA Dehydroepiandrosterone, DHEAS DHEA sulfate, 
A Aromatase (CYP19)
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Depending on the level of enzyme activity, the clinical phenotype ranges from an 
almost female external genitalia to an undervirilized male genitalia [8]. Usually, 
during adolescence, a normal muscle mass occurs with male gender identity ori-
entation in the vast majority of cases [8].

4.2.2  Diagnosis of DSD

Overall, the clinical phenotype depends on the underlying defects and ranges 
from a complete female phenotype such as in the case of Morris syndrome (or 
complete androgen insensitivity) to milder defects of male genitalia tract develop-
ment or isolated abnormalities such as cryptorchidism or hypospadias [4, 5]. 
Correct and early clinical diagnosis represents a crucial step in the management 
of DSD. Besides chromosomal evaluation, a steroid profile is essential in differ-
entiating the various enzymatic defects potentially causing congenital adrenal 
hyperplasia (CAH) which represent the most frequent cases of DSD in women. In 
addition, measurement of AMH should also be performed. Radiological and/or 
ultrasound testing is useful in determining the presence of a uterus and the loca-
tion of gonads. Furthermore, an hCG stimulation test can be performed to evalu-
ate for abnormalities in testosterone. Despite this approach, it is important to 
recognize that molecular diagnosis is possible in no more than 20% of cases and 
no more than 50% of patients with 46,XY karyotype and ambiguous genitalia 
arrive at a definitive diagnosis [4, 5, 9].

4.2.3  Treatment

Gender identity throughout a lifespan is quite variable across DSD syndromes. 
Hence, the correct sex assignment at birth, as well as the timing for surgical correc-
tion of genitalia abnormalities, still represents a challenge for all physicians involved 
in the treatment of DSD. The absence of specific outcome-based guidelines requires 
the presence of an experienced interdisciplinary team of specialists including pedi-
atric endocrinologists, pediatric urologists/surgeons, geneticists, and psychologists 
who should be all involved along with the child’s family in the final decision. In 
addition, the parents and family need psychosocial support and education prior to 
making surgical management decisions.

Once gender is assigned, the child should be raised in this gender, although flex-
ibility should be considered. In many cases, the newborn period after the diagnosis 
establishment and gender assignment represents the best period for the first surgical 
approach. However, in many cases, especially in 46,XY children with androgen 
biosynthesis defects, the gender identity stability is quite complex, so much so that 
some centers recommend postponing surgical intervention until the patient can par-
ticipate in the decision-making [10]. During childhood, the pediatric endocrinolo-
gist plays the most important role in the management of a child with a DSD. The 
main focus in this period is growth optimization along with the treatment of 
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disease- specific issues [10]. Finally, adolescence represents a challenging period 
due to sexual maturation. Clinicians involved in the management of DSD should 
allow and favor the development of sexual characteristics in line with patient gender 
identity. During this period, it is important to recognize the possibility of reconsid-
ering gender assignment in subjects with 46,XY DSD and intact gonads or, if not 
already done, reinforce gender identity with gonadectomy due to a mismatch 
between the assigned sex and gender identity or to reduce cancer risk [10]. In addi-
tion, a review of prior surgeries, identification of surgical complications, as well as 
the determination of the possible need for future surgery represent other crucial 
issues in this period.

4.2.3.1  Medical Therapy
Hypogonadism in DSD people is quite frequent, and it can be the result of the dys-
genetic gonads with impaired sex steroid production or a consequence of specific 
defects in sex steroid biosynthesis or action. In addition, previous gonadectomy 
during the prepubertal years represents a further additional cause of hypogonadism 
[11, 12]. Substitutive sex steroid hormones should be administered in subjects with 
46,XY DSD and hypogonadism with the aim to induce normal sexual characteristic 
development and normal bone maturation. Doses of T should be individualized and 
suitable for the patient’s age, and therapy should be initiated only after obtaining the 
fully informed consent of both the patient and the parents [7, 11, 12].

Puberty Induction in Phenotypic Males with 46,XY Disorders of Sex 
Development
Several T preparations for oral, transdermal, and intramuscular administration with 
different pharmacokinetics are available [13–16]. A long-lasting ester (i.e., T enan-
thate) at 50–75 mg/month is used initially and gradually increased to 100–150 mg/
month before finally reaching 250 mg dosage every 2–3 weeks. The most used non- 
injectable forms of T replacement therapy (TRT) include transdermal gel prepara-
tions (1% T strength, 50–100 mg of T in 5–10 g of gel daily, or the metered-dose gel 
formulation of 2% T strength, 60–80 mg of T in 3–4 g of gel applied daily, with an 
absorption rate of about 10%). If T gel is used, the starting dose is 2.5 mg/daily with 
a gradual increase. The long-acting injectable T undecanoate preparation (1000 mg 
ampoules for i.m. injection) is also rather expensive and is usually administered 
every 12  weeks and could be preferably used for maintenance therapy [17]. 
Alternatively, the oral route can be used, but sustained blood levels of T are difficult 
to achieve, because it first passes through the liver. Moreover, the more active 
17α-alkylated derivatives of T have a potential risk of hepatotoxicity. The only safe 
oral T treatment is T undecanoate capsules (40 mg each), which must be initially 
administered once a day with a meal and gradually titrated upward to two and then 
three times/day [13–16].

In prepubertal children with deficiency of 5alpha-reductase type 2, the use of 
DHT gel has been successfully used to increase penile length [18]; however, its use 
to improve virilization at puberty in this condition has yet to be better elucidated 
[11, 18].
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Finally, some clinical case reports have suggested a possible benefit from supra-
physiological doses of T in subjects with AIS to improve phenotypic virilization 
[19, 20]; however, it is important to recognize that prospective studies in these 
patients are lacking [7].

Puberty Induction in Phenotypic Females with 46,XY Disorders of Sex 
Development
In patients raised as females, administration of estrogens is crucial for sexual devel-
opment. As in the case of TRT, low dosages of estrogens should be used at the 
beginning, and therapy should be individualized and increased based on the clinical 
response [11]. No consensus exists among pediatric endocrinologists regarding the 
best estrogen formulation to be used for pubertal induction [11]. However, some 
evidence indicates that the growth hormone-insulin-like growth factor-I pathway is 
more influenced by oral when compared to transdermal estrogen administration, 
suggesting a clinical advantage of the latter route of administration [11]. Accordingly, 
beneficial effects of the transdermal route of administration over oral preparations 
have been reported for other outcomes including bone tissue, insulin sensitivity, 
blood pressure, as well as inflammatory markers [11]. Unfortunately, oral estrogens 
still represent the most frequently used preparation to induce puberty by pediatric 
endocrinologists in Europe as well as in the USA [11].

4.2.3.2  Surgical Therapy
Feminizing genitoplasty can be applicable to all forms of DSD where reconstruction to 
achieve feminized genitalia is desired. The cosmetic results are now excellent, and the 
complications, in particular the risks of vaginal stenosis, are limited. More complicated 
is the phallic reconstruction surgery. Phenotypically, male external genitalia vary greatly, 
in patients with a DSD, and there are no guidelines or standards to be used. Hence, a 
case-by-case decision should be followed taking many variables into account.

Phallic Reconstruction
Several reconstructive surgical procedures are available in order to make the most 
feminized genitalia appear and function like a typical male [9].

• Chordee Without Hypospadias: Chordee is a condition characterized by a down-
ward or upward penile curvature at the junction of the head and shaft of the 
penis. The problem is usually caused by tethering of the ventral foreskin or sec-
ondary to corporal disproportion. In the first condition, the dorsal foreskin is 
swung around to the ventral side of the penis to correct the ventral defect. 
Conversely, in the latter condition, the correction deals with either lengthening 
the shorter ventral corpora cavernosa, or shortening the longer dorsal corpora 
cavernosa, or doing both [9].

• Distal Hypospadias: Several surgical approaches are available, but the most 
commonly used technique is the tubularized incised plate (TIP) urethroplasty 
[21]. Usually in distal hypospadias, the ventral urethral plate distal to the hypo-
spadiac meatus is often intact although frequently too narrow. Hence, the TIP 
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consists in rolling it back into a tube and connecting it to the hypospadiac meatus. 
In addition, an incision is made right in the midline of the plate vertically allow-
ing the plate to widen [21].

• Proximal Hypospadias represents a more challenging procedure with a higher 
frequency of complication and reoperation rate [21]. Usually, a two-staged 
approach is the most frequent technique used [21]. During the first operation, the 
chordee and foreskin flaps are corrected, whereas the urethroplasty is performed 
in the second stage [21].

• Penoscrotal Transposition and Bifid Scrotum: This approach should be reserved 
for the less virilized forms of male DSD where the scrotum appears like the labia 
and the hypospadiac meatus is usually located in the perineum. The hypospadias 
and chordee can be corrected in a two-staged approach as previously mentioned 
in the case of proximal, whereas scrotal reconstruction needs a specific approach 
[9]. In the case of penoscrotal transposition, the penis is below the scrotum instead 
of above it, requiring the use of scrotal skin flaps to be pulled down the scrotum [9].

Feminizing Genitoplasty
Although tremendous improvement in feminizing surgery has been made, the sur-
gery timing and the best technique to be used remain controversial issues [9].

Clitoroplasty: The most important target of this surgical approach is to preserve 
and to avoid injury of the neurovascular bundles. The initial incision is made at the 
junction of the inner and outer surface of the preputial skin. This approach allows 
for the preservation of the inner surface of the skin to create a clitoral hood. The 
tunics are left intact, whereas the corporal incisions are made longitudinally along 
the ventrum of each corporal body away from the neurovascular bundles, which are 
located at the 11:00 and 1:00 on the dorsum of the clitoris. The erectile tissue can be 
removed from near the glans to the bifurcation of the corpora. Finally, the tunics are 
folded back allowing the glans to be secured to the corpora at their bifurcation [9].

• Vaginoplasty Several techniques have been described in order to exteriorize the 
vagina from the urogenital (UG) sinus. The most commonly used technique 
deals with the use of an omega-shaped perineal “flap” to place into the posteri-
orly opened vagina. The main advantages consist of avoiding complete separa-
tion of the vagina from the urogenital sinus, thereby lessening the risk of vaginal 
stenosis and injury to the continence mechanism [9]. The “pull-through” proce-
dure is used for the high confluence situation. The vagina is completely separated 
from the UG sinus which becomes the urethra. The separated vagina is then 
“pulled through” to the perineum [9]. Although sometimes necessary, this tech-
nique is associated with a higher risk of side effects including urethrovaginal 
fistula, vaginal stenosis, and injury to the continence mechanism [9].

• Total Urogenital Mobilization (TUM) is required in the most complicated cases 
[22]. With this approach, the entire urogenital system (UG sinus, urethra, vagina, 
and bladder) is circumferentially dissected and moved toward the perineum [9, 22].

• Labioplasty This technique allows the labia minora and a clitoral hood to be cre-
ated from the available clitoral or scrotum skin [9].
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4.3  Isolated Cryptorchidism

Cryptorchidism is a quite frequent clinical condition characterized by a unilateral or 
bilateral retained testis at birth. A large nationwide observational study from longi-
tudinal register data of all Swedish-born boys 0–18 years of age, diagnosed with 
cryptorchidism from 2001 to 2014, reported a cumulative childhood prevalence of 
1.8% (95% CI, 1.5–2.0), with a higher rate observed in boys born prematurely, 
small for gestational age, or with low birth weight [23, 24]. Accordingly, it has been 
reported that 80% of cryptorchid testes descend by the first year of life (the majority 
within 3 months), making the true incidence of cryptorchidism around 1% over-
all [24].

4.3.1  Pathophysiology

Much evidence has documented that a combination of genetic favorable background 
and environmental factors can simultaneously play an important role in the patho-
genetic issues related to the development of cryptorchidism [23–25]. A large case- 
control study performed in 600 infants with cryptorchidism compared to 300 
non-cryptorchid male children aged 1–4 years documented a statistically significant 
association between bilateral and persistent cryptorchidism and genetic alterations, 
including Klinefelter’s syndrome and receptor of insulin-like 3 (INSL-3) receptor 
gene mutations [25]. INSL-3 is highly expressed in both fetal and adult Leydig 
cells, and deletion of its gene or its receptor gene in mice causes cryptorchidism due 
to a failure of gubernaculum development [24]. In addition, interaction analysis 
studies have documented that genetic polymorphisms in genes involved in environ-
mental endocrine disruptor metabolism are associated with a risk of cryptorchidism 
[26]. Accordingly, an association between endocrine disruptors, chemicals that can 
interfere with endocrine (or hormonal) systems, and cryptorchidism has been docu-
mented [24]. Similarly, all conditions associated with an impairment of 
hypothalamus- pituitary-testis axis are associated with an increased risk of cryptor-
chidism [27].

4.3.2  Surgical Treatment

The main risks related to cryptorchidism are infertility and testis cancer. Substantial 
data have suggested that early surgery, as soon as the age of probable spontaneous 
descent has passed (9 months of age), would have a beneficial effect on germ cell 
development. A previous randomized controlled trial (RCT) documented that tes-
ticular volumes and the number of germ and Sertoli cells at surgery were signifi-
cantly greater in children who had orchiopexy and at 9 months than at 3 years of age 
[28]. As expected, intra-abdominal testes were associated with the largest degree of 
germ cell depletion [28]. Similar results were recently reported in an updated meta- 
analysis including 15 studies and comparing orchidopexy at less than 1 year of age 
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with orchidopexy at 1 year or more of age [29]. The association between histopa-
thology at biopsy at orchiopexy and hormone levels or semen analysis in adulthood 
are conflicting. However, some evidence documented that a more severe phenotype 
at histopathology might identify patients with lower sperm counts, lower sperm 
density, and higher FSH levels in adulthood [24].

4.3.3  Medical Treatment

Whereas surgical treatment represents the choice in the case of cryptorchidism, 
medical treatment is still a conflicting approach although some evidence suggests a 
possible role in retractile or ascending testes. A previous meta-analysis including 13 
RCTs showed that hCG (usually hCG IM 500 IU 2×/wk. for 5 wk.; 250 IU for age 
<2 years and 1000 IU for age >6 years) or GnRH (using a specific device) were 
associated with a limited success rate of 24% and 19%, respectively. In addition, the 
effect was significant in subjects with bilateral cryptorchidism, but not in those with 
a unilateral problem. All side effects were transitory and not severe, but if they have 
long-term risks was not clear [30]. Previous studies have documented that despite 
surgical success, a total of 47.5% of unilateral and 78% of bilateral cryptorchid 
males had their sperm concentration in the infertility range according to WHO stan-
dards [31]. In order to improve long-term surgery outcomes, adjuvant GnRH ther-
apy has been advocated. A previous meta-analysis with a literature search up to 
September 2013 and including ten eligible studies concluded that GnRH have a 
significant overall increased mean effect estimate and increased relative chance of 
having normal germ cell values per tubule at the time of surgery [32]. However, it 
should be recognized that each study used varying hormonal treatments, making 
comparisons between studies difficult [32]. Other authors proposed post-surgical 
use of GnRH, suggesting positive outcomes in adulthood [33]. Again, the evidence 
is still conflicting.

4.4  Isolated Hypospadias

Hypospadias represents one of the most common congenital anomalies in men. 
Typically, it is characterized by proximal displacement of the urethral opening, 
penile curvature, and a ventrally deficient hooded foreskin. In the vast majority of 
cases (about 70%), the urethral meatus is located distally on the penile shaft, 
whereas in a minor number of subjects (about 30%), the defect is more proximal 
and frequently associated with other urogenital deformities [34]. The prevalence 
seems to be stable and is highest in North America (34.2:10,000 births) and lowest 
in Asia (0.6:10,000 births) [21]. In the vast majority of cases, the real etiology of 
hypospadias remains unknown although a multifactorial origin has been advo-
cated [34]. Familiar predisposition has been reported in 7% of cases although in 
only 30% of hypospadias (syndromic forms), a clear genetic cause has been found 
[35]. Accordingly, in the presence of hypospadias, a specific endocrinological 
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evaluation is required in order to exclude androgen production/action defects 
[34]. Much evidence indicates that environmental factors can play a crucial role 
in the pathogenesis of hypospadias. In particular, endocrine disruptors, chemicals 
derived from environmental pollution with anti-androgen or estrogen-like actions, 
can interfere with normal sexual development favoring the appearance of hypo-
spadias [34]. In line with the aforementioned hypotheses, the term testicular dys-
genesis syndrome has been introduced to describe a possible association among 
some male reproductive disorders (cryptorchidism, hypospadias, male subfertil-
ity, and testicular cancer) which can be interlinked and originate from a disturbed 
testicular development [36].

4.4.1  Treatment

Medical treatment is indicated only when hypospadias is a sign of a more complex 
disorder which includes a defect of the hypothalamus–pituitary–testis axis (see 
above). In the presence of penile length below the third percentile (microphallus), T 
therapy has been proposed in order to increase anatomical proportions, before sur-
gery procedures [38]. The current evidence of this approach is, however, limited and 
of poor quality [34, 38].

Surgical treatment represents the gold standard in the presence of hypospadias. 
The goal of hypospadias repair is to achieve cosmetic and functional normality. 
According to current guidelines, surgery is recommended between 6 and 
18 months of age based on the severity and the need for multiple procedures [37]. 
The specific surgical approach and its outcome depend on the type and severity of 
the defect (see DSD section). Available data indicate that overall, cosmetic out-
come and sexual function are considered satisfactory in more than 70% and 80%, 
respectively, of all patients after hypospadias repair [38]. As expected, worse 
results are observed in patients treated for proximal and complex hypospa-
dias [39].

4.5  Anorchia

Bilateral congenital anorchia has been reported in around 1:20,000 males, whereas 
the unilateral form is four times more frequent [40]. Possible congenital causes of 
anorchia include mutation in steroidogenic factor 1 (SF1) gene or deletion of SRY 
gene. The former condition is usually called “vanishing testis syndrome,” and it is 
associated with micropenis [41]. On the other hand, the most frequent acquired 
anorchia seems to be the consequence of intrauterine torsion [40].

The clinical phenotype of men with bilateral anorchia depends on the time in 
which the disease acts, ranging from milder defects to more severe forms of DSD 
[40]. Conversely, in unilateral anorchia, the intact testis is able to produce suffi-
cient amounts of androgens, and disorders of sexual differentiation do not 
occur [40].
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4.6  Congenital Penile Curvature

Congenital penile curvature (CPC) is a quite frequent condition, characterized by 
angulation of the erect penis, most commonly in the ventral and/or lateral site. The 
reported prevalence ranges from 0.5 to 10%, but these data are probably underesti-
mated, since many mild cases go unrecognized due to the absence of functional 
limitations [42]. Rarely CPC is associated with urethral plate malformation such as 
hypospadias. In the case of isolated CPC, the potential etiologies include asymmet-
ric corporal length (corporal disproportion), fibrosis of Dartos or Buck’s fascia, and 
even a congenitally shortened urethra [42].

Surgical correction represents the gold standard therapy for CPC. Three main 
procedure have been described: (1) plication techniques (including excisional cor-
poroplasty, incisional corporoplasty, or plication-only), (2) grafting techniques 
(including total or partial tunica/plaque excision, or tunica/plaque incision, fol-
lowed by grafting of the tunica albuginea defect), and (3) correction of curvature 
with simultaneous penile prosthesis implantation (PPI) which is usually reserved to 
patients with erectile dysfunction refractory to medical treatment [42]. A recent 
review of the literature including 34 studies and 2155 patients with CPC docu-
mented that excisional corporoplasty and incisionless plication were the preferred 
surgical methods [42]. The same study showed that overall outcome is excellent 
with minimal side effects [42].

References

 1. Bertelloni S, Dati E, Baroncelli GI. Disorders of sex development: hormonal management in 
adolescence. Gynecol Endocrinol. 2008;24:339–46.

 2. Hughes IA. Disorders of sex development: a new definition and classification. Best Pract Res 
Clin Endocrinol Metab. 2008;22:119–34.

 3. Huhtaniemi I, Alevizaki M. Gonadotrophin resistance. Best Pract Res Clin Endocrinol Metab. 
2006;20:561–76.

 4. Pasterski V, Prentice P, Hughes IA. Impact of the consensus statement and the new DSD clas-
sification system. Best Pract Res Clin Endocrinol Metab. 2010;24:187–95.

 5. Hughes IA, Houk C, Ahmed SF, Lee PA, Lawson Wilkins Pediatric Endocrine Society/
European Society for Paediatric Endocrinology Consensus Group. Consensus statement on 
management of intersex disorders. J Pediatr Urol. 2006;2:148–62.

 6. Bose HS, Sugawara T, Strauss JF 3rd, Miller WL. The pathophysiology and genetics of con-
genital lipoid adrenal hyperplasia. N Engl J Med. 1996;335:1870–8.

 7. Hughes IA, Davies JD, Bunch TI, Pasterski V, Mastroyannopoulou K, MacDougall J. Androgen 
insensitivity syndrome. Lancet. 2012;380:1419–28.

 8. Nowakowski H, Lenz W.  Genetic aspects in male hypogonadism. Recent Prog Horm Res. 
1961;17:53–95.

 9. DiSandro M, Merke DP, Rink RC. Review of current surgical techniques and medical manage-
ment considerations in the treatment of pediatric patients with disorders of sex development. 
Horm Metab Res. 2015;47:321–8.

 10. Diamond M, Beh HG. Changes in the management of children with intersex conditions. Nat 
Clin Pract Endocrinol Metab. 2008;4:4–5.

 11. Bertelloni S, Dati E, Baroncelli GI. Disorders of sex development: hormonal management in 
adolescence. Gynecol Endocrinol. 2008;24:339–46.

4 Medical and Surgical Treatment of Congenital Anomalies of Male Genital Tract



76

 12. Fisher AD, Ristori J, Fanni E, Castellini G, Forti G, Maggi M. Gender identity, gender assign-
ment and reassignment in individuals with disorders of sex development: a major of dilemma. 
J Endocrinol Investig. 2016;39:1207–24.

 13. Maggi M, Buvat J. Standard operating procedures: pubertas tarda/delayed puberty—male. J 
Sex Med. 2013;10:285–93.

 14. Salonia A, Rastrelli G, Hackett G, Seminara SB, Huhtaniemi IT, Rey RA, Hellstrom WJG, 
Palmert MR, Corona G, Dohle GR, Khera M, Chan YM, Maggi M. Paediatric and adult-onset 
male hypogonadism. Nat Rev Dis Primers. 2019;5:38.

 15. Corona G, Sforza A, Maggi M. Testosterone replacement therapy: long-term safety and effi-
cacy. World J Mens Health. 2017;35:65–76.

 16. Corona G, Rastrelli G, Reisman Y, Sforza A, Maggi M. The safety of available treatments 
of male hypogonadism in organic and functional hypogonadism. Expert Opin Drug Saf. 
2018;17:277–92.

 17. Giagulli VA, Triggiani V, Carbone MD, Corona G, Tafaro E, Licchelli B, Guastamacchia 
E. The role of long-acting parenteral testosterone undecanoate compound in the induction of 
secondary sexual characteristics in males with hypogonadotropic hypogonadism. J Sex Med. 
2011;8:3471–8.

 18. Odame I, Donaldson MD, Wallace AM, Cochran W, Smith PJ. Early diagnosis and manage-
ment of 5a-reductase deficiency. Arch Dis Child. 1992;67:720–3.

 19. Grino PB, Isidro-Gutierrez RF, Griffin JE, Wilson JD. Androgen resistance associated with a 
qualitative abnormality of the androgen receptor and responsive to high dose androgen ther-
apy. J Clin Endocrinol Metab. 1989;68:578–84.

 20. Weidemann W, Peters B, Romalo G, Spindler KD, Schweikert HU. Response to androgen treat-
ment in a patient with partial androgen insensitivity and a mutation in the deoxyribonucleic 
acid-binding domain of the androgen receptor. J Clin Endocrinol Metab. 1998;83:1173–6.

 21. Springer A, Krois W, Horcher E. Trends in hypospadias surgery: results of a worldwide survey. 
Eur Urol. 2011;60:1184–9.

 22. Pena A.  Total urogenital mobilization: an easier way to repair cloacas. J Pediatr Surg. 
1997;32:267–8.

 23. Bergbrant S, Omling E, Björk J, Hagander L. Cryptorchidism in Sweden: a nationwide study 
of prevalence, operative management, and complications. J Pediatr. 2018;194:197–203.e6.

 24. Lee PA, Houk CP. Cryptorchidism. Curr Opin Endocrinol Diabetes Obes. 2013;20:210–6.
 25. Ferlin A, Zuccarello D, Zuccarello B, Chirico MR, Zanon GF, Foresta C. Genetic alterations 

associated with cryptorchidism. JAMA. 2008;300:2271–6.
 26. Qin XY, Kojima Y, Mizuno K, Ueoka K, Massart F, Spinelli C, Zaha H, Okura M, Yoshinaga 

J, Yonemoto J, Kohri K, Hayashi Y, Ogata T, Sone H. Association of variants in genes involved 
in environmental chemical metabolism and risk of cryptorchidism and hypospadias. J Hum 
Genet. 2012;57:434–41.

 27. Cortes D, Holt R, de Knegt VE. Hormonal aspects of the pathogenesis and treatment of crypt-
orchidism. Eur J Pediatr Surg. 2016;26:409–17.

 28. Kollin C, Stukenborg JB, Nurmio M, Sundqvist E, Gustafsson T, Söder O, Toppari J, 
Nordenskjöld A, Ritzén EM. Boys with undescended testes: endocrine, volumetric and mor-
phometric studies on testicular function before and after orchidopexy at nine months or three 
years of age. J Clin Endocrinol Metab. 2012;97:4588–95.

 29. Allin BSR, Dumann E, Fawkner-Corbett D, Kwok C, Skerritt C, Paediatric Surgery Trainees 
Research Network. Systematic review and meta-analysis comparing outcomes following 
orchidopexy for cryptorchidism before or after 1 year of age. BJS Open. 2018;2:1–12.

 30. Bu Q, Pan Z, Jiang S, Wang A, Cheng H.  The effectiveness of hCG and LHRH in boys 
with cryptorchidism: a meta-analysis of randomized controlled trials. Horm Metab Res. 
2016;48:318–24.

 31. Hadziselimovic F. Is hormonal treatment of congenital undescended testes justified? A debate. 
Sex Dev. 2019;13:3–10.

G. Corona et al.



77

 32. Chua ME, Mendoza JS, Gaston MJV, Luna SL Jr, Morales ML Jr. Hormonal therapy using 
gonadotropin releasing hormone for improvement of fertility index among children with crypt-
orchidism: a meta-analysis and systematic review. J Pediatr Surg. 2014;49:1659–67.

 33. Hadziselimovic F. Successful treatment of unilateral cryptorchid boys risking infertility with 
LH-RH analogue. Int Braz J Urol. 2008;34:319–26.

 34. van der Horst HJ, de Wall LL. Hypospadias, all there is to know. Eur J Pediatr. 2017;176:435–41.
 35. Sagodi L, Kiss A, Kiss-Toth E, Barkai L. Prevalence an possible causes of hypospadias. Orv 

Hetil. 2014;155:978–85.
 36. Skakkebaek NE, Rajpert-De Meyts E, Main KM.  Testicular dysgenesis syndrome: an 

increasingly common developmental disorder with environmental aspects. Hum Reprod. 
2001;16:972–8.

 37. Riedmiller H, Androulakakis P, Beurton D, Kocvara R, Gerharz E, European Association of 
Urology. EAU guidelines on paediatric urology. Eur Urol. 2001;40:589–99.

 38. Wright I, Cole E, Farrokhyar F, Pemberton J, Lorenzo AJ, Braga LH. Effect of preoperative 
hormonal stimulation on postoperative complication rates after proximal hypospadias repair: a 
systematic review. J Urol. 2013;190:652–9.

 39. Rynja SP, de Jong TP, Bosch JL, de Kort LM. Functional, cosmetic and psychosexual results in 
adult men who underwent hypospadias correction in childhood. J Pediatr Urol. 2011;7:504–15.

 40. Pirgon O, Dundar BN. Vanishing testes: a literature review. J Clin Res Pediatr Endocrinol. 
2012;4:116–20.

 41. Philibert P, Zenaty D, Lin L, Soskin S, Audran F, Léger J, Achermann JC, Sultan C. Mutational 
analysis of steroidogenic factor 1 (NR5a1) in 24 boys with bilateral anorchia: a French col-
laborative study. Hum Reprod. 2007;22:3255–61.

 42. Sokolakis I, Hatzichristodoulou G.  Current trends in the surgical treatment of congenital 
penile curvature. Int J Impot Res. 2019; https://doi.org/10.1038/s41443- 019- 0177- 0. [Epub 
ahead of print].

4 Medical and Surgical Treatment of Congenital Anomalies of Male Genital Tract

https://doi.org/10.1038/s41443-019-0177-0


79© Springer Nature Switzerland AG 2021
C. Foresta, D. Gianfrilli (eds.), Pediatric and Adolescent Andrology, Trends in 
Andrology and Sexual Medicine, https://doi.org/10.1007/978-3-030-80015-4_5

Disorders of Pubertal Development: 
From Hypogonadotropic Hypogonadism 
to Constitutional Delay of Puberty

Taffy Makaya, Rachel Varughese, Fiona Ryan, 
and Aparna Pal

5.1  Background

Puberty is of paramount importance in the life of a young person. Puberty is the 
phase whereby secondary sexual characteristics develop, growth progresses towards 
final adult stature and reproductive ability is achieved. Rapid and complex changes 
involve physical, mental and social adjustments. Pubertal progression consists of 
specific sequential events. Disordered development can have adverse consequences, 
both physically and psychosocially [1]. Understanding the sequence of normal 
pubertal events is important in order to distinguish between normal, normal variants 
and pathological syndromes [2].

5.2  Normal Puberty

In order to have an understanding of disorders of pubertal development, it is first 
necessary to describe and comprehend normal puberty. Here, we focus exclusively 
on male development.
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5.2.1  Physiology

The hypothalamic-pituitary-gonadal (HPG) axis is active during early development 
in utero until the neonatal period. This neonatal phase is termed ‘mini-puberty’ and 
lasts up to age 6 months. The pubertal axis then becomes dormant after infancy and 
remains so during childhood, with very low levels of gonadotrophins and testoster-
one. The first stage in puberty is disinhibition of this axis, triggering reactivation. 
Gonadotrophin-releasing hormone (GnRH) is secreted in a pulsatile manner by neu-
rosecretory cells of the hypothalamus into the hypothalamic-hypophyseal portal 
circulation [3]. This portal system serves as a direct vascular link between the hypo-
thalamus and the anterior pituitary. GnRH stimulates gonadotropic cells in the ante-
rior pituitary to synthesise and release luteinising hormone (LH) and 
follicle-stimulating hormone (FSH). LH stimulates testosterone synthesis in the 
testicular Leydig cells. FSH, in conjunction with testosterone, stimulates germ cell 
maturation, inducing spermatogenesis.

Adrenal androgens, secreted from the zona reticularis (ZR), also make an impor-
tant contribution to the formation of secondary sexual characteristics, particularly 
pubic and axillary hair (pubarche). In normal puberty, adrenal and HPG axis matu-
rations coincide; however, they are independent processes. Therefore, a child with 
signs of adrenarche may still experience delayed puberty. Pubarche is usually a 
result of adrenarche (maturation of the ZR of the adrenal gland), associated with 
skin changes and development of adult-type body odour.

5.2.2  External Pubertal Development

External pubertal development can be objectively classified using the Tanner staging 
system. This system has some limitations, most notably that it may not apply to all 
populations, having been designed on a small population of English children. 
However, it is still widely used internationally. In boys, the first external change is an 
increase in testicular volume (gonadarche) to 4 mL [4]. Orchidometers are used to 
help gauge size (Fig. 5.1) [5]. After this, the penis lengthens, followed by the devel-
opment of sperm (spermarche) and then by achievement of peak height velocity [6, 
7]. Adrenal features of puberty may begin anywhere along this progression but usu-
ally begin between initial testicular enlargement and the development of sperm.

5.2.3  Onset of Puberty

Although pubertal development follows a specific sequence, with relatively pre-
dictable onset and progression, judgement of which adolescents require further 
investigation can be challenging [8]. The onset of puberty can vary greatly, influ-
enced by both intrinsic and extrinsic factors. Sex, race, ethnicity, nutrition, envi-
ronmental exposure and genetic factors all contribute to this variability. Generally, 
it is advised to consider investigation when abnormalities fall 2–2.5 standard 
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deviations (SDs) outside the population mean. Normal puberty in boys is expected 
to start from age 9 years for the ‘early developers’ and up to age 14 years for the 
‘late developers’.

5.3  Normal Variants of Puberty

Any deviation from normal puberty is likely to induce stress and anxiety in both the 
patient and his family. However, normal variants of early or delayed puberty must 
be differentiated from true pathological disorders.

Early puberty discussions are beyond the scope of this chapter and will be cov-
ered in another part of this book.

5.3.1  Delayed Puberty

If there are no signs of puberty in boys by age 14 years, then this is regarded as 
delayed puberty. Delayed puberty is seven times more frequent in boys than girls. 
Girls are more likely than boys to have a pathological cause. Since pubertal onset is 
not perfectly normally distributed, population studies suggest that up to 5% of chil-
dren may be affected by delayed puberty.

The most common normal variant of delayed puberty is constitutional delay of 
growth and puberty (CDGP), accounting for up to 60% of cases of delayed puberty 
in boys. This is a diagnosis of exclusion. In CDGP the onset of puberty occurs 
more than 2 standard deviations (SDs) later than the population mean age of onset. 
Eventually, normal sequential puberty does occur. In CDGP the HPG axis is intact 
but remains dormant beyond the expected age for puberty. It may be more accu-
rate to describe CDGP as ‘a delay in puberty and growth’ as it is the delay in 
puberty which causes the delay in growth. CDGP can produce significant anxiety 
in boys, particularly because of short stature in comparison with their peers and 
the apparent lack of pubertal development. Typically, reassurance is often all that 
is needed, but in some children, medical intervention may be indicated, dis-
cussed later.

Fig. 5.1 A photo of an 
orchidometer
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5.4  Disorders of Puberty

We must now consider the disorders that can affect pubertal development.

5.4.1  Incomplete/Absent Puberty

Puberty is deemed absent when there is lack of development of secondary sexual 
characteristics by age of 14 years. This syndrome of impaired gonadal function is 
termed ‘hypogonadism’. Features of adrenarche do not indicate pubertal develop-
ment. Hypogonadism can be classified as hypergonadotropic (primary) or hypogo-
nadotropic (secondary).

Aspects relating to hypergonadotropic hypogonadism are covered elsewhere in 
this book.

Hypogonadotropic (secondary) hypogonadism involves failure of the HPG axis, 
typically, a pituitary or hypothalamic problem (some texts will refer to hypotha-
lamic hypogonadism as ‘tertiary’). It is termed ‘hypogonadotropic hypogonadism’, 
due to the failure of hypothalamic production of GnRH or failure of pituitary pro-
duction of LH and FSH.

Hypogonadotropic hypogonadism can be divided into functional, congenital or 
acquired types.

5.5  Functional Hypogonadotropic Hypogonadism

The term functional hypogonadotropic hypogonadism is particularly used to 
describe pubertal delay or arrest that is induced by chronic disease or stress. 
Psychosocial deprivation, intense exercise, anorexia and malnutrition are all linked 
to hypogonadotropic hypogonadism. This is thought to be an adaptive mechanism 
to prevent reproduction in suboptimal circumstances.

5.5.1  Nutritional Hypogonadotropic Hypogonadism

Puberty is an energy-demanding period of development, requiring sufficient calo-
rie intake. During puberty, there is significant weight gain. Approximately 50% of 
adult body weight is gained during adolescence (average 9 kg/year), with peak 
weight velocity in males occurring at about the same time as peak height velocity. 
Under the influence of testosterone and growth hormone there are associated 
changes in the body composition and relative proportions of water, fat and 
bone [9].

The metabolic control of puberty is determined by the action of different central 
neurotransmitters and peripheral hormones. These sense the metabolic state of the 
individual and interact with the hypothalamic GnRH neurons. Studies have 
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confirmed the importance of leptin (an adipose hormone) in a permissive regulatory 
role in puberty. Leptin is secreted from adipocytes proportionally to the body fat 
content. Leptin levels fall dramatically in conditions of starvation. There are also 
interactions with kisspeptin (from the Kiss 1 Gene). Kisspeptin is an upstream regu-
lator of GnRH [10]. Increases in kisspeptin have been shown to increase GnRH, 
which subsequently leads to increased LH pulsatility, thus triggering puberty [11, 
12]. Figure  5.2 illustrates some of the hormonal interplay between puberty and 
nutrition [13]. There is compelling evidence from animal models that there are 
changes in kisspeptin expression in response to a negative energy balance (calorie 
restriction). In most studies, there was a reduction in KISS1 expression in response 
to calorie restriction/starvation [14]. This translates clinically to delayed or arrested 
puberty, as seen in malnutrition (undernutrition), anorexia nervosa, chronic illness 
with malabsorption or excessive exercise without matched calorie intake.

Calorie deficit due to poverty-related malnutrition is relatively uncommon in the 
developed world. The United Kingdom (UK) government does not routinely collect 
data on food poverty, and this has been largely left to the charitable sectors. 
According to recent international data, more children in the United Kingdom (10%) 
live in severe food insecurity compared with other countries in Europe, where the 
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Fig. 5.2 Hormonal interplay between puberty and nutrition (Kisspeptin Signaling in Reproductive 
Biology (2013) Springer publications)
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average is 4% [15]. It is unlikely that many endocrinologists will routinely manage 
children with hypogonadotropic hypogonadism due to malnutrition secondary to 
poverty.

Many chronic illnesses are associated with malnutrition, through reduced food 
absorption or an increased catabolic state. Examples include Crohn’s disease, cystic 
fibrosis, cardiac failure, and coeliac disease - which is often under diagnosed and 
under-treated. The negative energy balance will result in a delayed pathophysiology 
similar to malnutrition.

Eating disorders (EDs) are historically considered to predominantly affect 
females; however, epidemiological studies indicate that males are also at risk of 
developing EDs. A recent report from 2018 quoted ED rates of 1.2% and 2.2% in 
Canadian and Australian adolescent males, respectively, and 1.2% in young adult 
Dutch men [16]. These values are likely to be underestimates as most boys and men 
will under-report symptoms of EDs. EDs which result in calorie deficit, e.g. anorexia 
nervosa and bulimia nervosa, typically cause functional hypogonadotropic hypogo-
nadism. Puberty has frequently been identified as a time of risk for developing EDs. 
Sex steroids, in particular, appear to have a role in unmasking genetic risks for 
developing EDs, although this phenomenon is more apparent in girls than boys 
[17, 18].

Excessive exercise can have a role in both the development and maintenance of 
a number of EDs and is most frequently seen in people with anorexia nervosa as a 
way of purging calories. It is also often used as a way to manage mood or affect in 
people with EDs, either to help produce a positive mood state or to help avoid a 
negative mood state related to not exercising. Reports show that excessive exercise 
is frequently one of the most persistent symptoms of EDs, often interfering with 
recovery [19]. It is important to note that excessive exercise can also occur in a non- 
pathological state, e.g. long-distance or marathon runners, scholastic wrestling, 
dancers and gymnasts. These sports emphasise strict weight control and high-energy 
output and predispose to functional hypogonadotropic hypogonadism [9].

Contrastingly, it is interesting to note that energy excess such as that seen in 
obesity or the metabolic syndrome is also associated with functional hypogonado-
tropic hypogonadism [20, 21]. In obese adolescent boys, serum testosterone con-
centrations were reported to be up to 40–50% lower than matched normal BMI 
peers [22].

5.5.2  Psychosocial Factors

Stress and/or depression are known to cause functional hypogonadotropic hypogo-
nadism, and this is likely to be hypothalamic in origin. Research has shown that 
high levels of corticotrophin-releasing hormone (CRH) have a direct inhibitory 
action on the kisspeptin system. Other studies have shown that at the time of puberty 
there is a reduction in CRH activity and blockade of CRH actions in the brain; with 
anti-CRF drugs stimultating earlier puberty. This would account for why puberty is 
delayed in people who are chronically stressed. More recent research is focusing on 
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the role of the amygdala -which is already known to regulate emotion, enhance the 
stress response, and control anxiety [23].

5.5.3  Clinical Impact of Functional 
Hypogonadotropic Hypogonadism

As described above, functional hypogonadotropic hypogonadism can cause an 
overall delay in growth and puberty. In addition, the underlying cause of the calorie 
deficit, e.g. malnutrition or malabsorption, may also result in other disorders, for 
example, anaemia, osteopenia and/or deficiencies of minerals, vitamins, essential 
fatty acids and amino acids and trace elements.

Delayed puberty/growth can lead to emotional and psychological dysfunction 
and reduced educational attainments. Bullying and victimisation can result in 
increased depression and anxiety [24]. Reports also show that boys with a history of 
delayed puberty have a greater risk for metabolic and cardiovascular disorders [25].

5.5.4  Assessment of Suspected Functional 
Hypogonadotropic Hypogonadism

Investigation will be guided by the history and examination findings, but a basic 
structure to follow is outlined in Table 5.1.

5.5.5  Management of Functional 
Hypogonadotropic Hypogonadism

Efforts should be made to address the underlying cause of the functional hypogo-
nadotropic hypogonadism. In most cases, these causes are reversible, and puberty 
should commence/continue once the underlying issue is resolved.

It is also important to ensure that clear explanations of the conditions and risks 
are given to both the patient and the family. Clinicians should ensure the child has 
adequate support to meet their psychological needs. These may extend to concerns 

Table 5.1 Assessment and investigation of suspected functional hypogonadotropic hypogonadism

History Examination Investigations
Presenting complaint
Diet
Exercise
Social circumstances
Past medical history
Medication history
Family history of 
illnesses/puberty

Height
Weight
BMI
General system examination
Appropriate endocrine 
assessment, e.g. thyroid
Pubertal assessment and staging

Bone age assessment
LH
FSH
Testosterone
Second line as needed:
Renal, liver, bone profile
Thyroid function, prolactin,
Full blood count, ESR, CRP, 
coeliac screen
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relating to personal identity, psychosexual development and future fertility. In some 
cases, testosterone therapy may be required, as discussed in the management sec-
tion. Quite often this group of patients may need to have an ongoing input beyond 
the paediatric age cut-off (usually 16 years in most institutions). These young and 
emerging adults should be seen in an endocrine transition clinic, ideally with input 
from both paediatric and adult endocrine teams [24].

We will now consider causes of congenital and acquired hypogonadotropic 
hypogonadism. These have been summarised in Table 5.2.

5.6  Congenital Hypogonadotropic Hypogonadism

Congenital pituitary abnormalities, causing gland hypoplasia or aplasia, often affect 
multiple hormones, which may have presented earlier in life. There are also ‘migra-
tion disorders’ resulting from abnormal migration of GnRH neurons during embry-
onic development. In normal development, GnRH neurons are derived from the 
olfactory placode. Several genes may be implicated in disrupting this migration and 
subsequent adhesion. Therefore, congenital hypogonadotropic hypogonadism may 
be linked to anosmia (lack of sense of smell). In this case, it is defined as Kallmann 
syndrome [26]. Associated features of Kallmann syndrome include cleft lip/palate, 
sensorineural deafness and cerebellar ataxia. As there are several implicated genes, 

Table 5.2 Causes of congenital and acquired hypogonadotropic hypogonadism

Congenital
Isolated GnRH deficiency
Kallmann syndrome (with anosmia)
Without anosmia
GnRH deficiency associated with obesity and/or mental retardation
Prader-Willi syndrome
Laurence-Moon-Biedl syndrome
Idiopathic hypogonadotropic hypogonadism
Acquired
Tumours
Craniopharyngiomas
Pituitary adenomas and cysts
Germinomas, gliomas, meningiomas, astrocytomas
Pituitary apoplexy
Infiltrative disease
Granulomatous disease
Histiocytosis
Haemochromatosis
Drugs
Anabolic steroids
Opiates
Marijuana
Iatrogenic
Post-surgery
Post-radiotherapy
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there are several modes of inheritance: X-linked recessive, autosomal dominant and 
autosomal recessive.

Other congenital syndromes may also affect the HPG axis, resulting in hypogo-
nadotropic hypogonadism. Prader-Willi syndrome is a complex genetic condition 
affecting hypothalamic function, muscle tone and cognitive development. Bardet 
Biedl syndrome is another multifaceted genetic condition linked to HPG axis dys-
function, as well as retinal, renal, limb and cognitive abnormalities. Rarely, there are 
specific hypothalamic receptor abnormalities that lead to failure of GnRH secretion. 
Other genetic causes of isolated GnRH deficiency occur with a wide spectrum of 
clinical presentation ranging from microphallus and cryptorchidism in the neonatal 
period to delayed or arrested puberty in adolescence [27]. The diagnosis is con-
firmed biochemically followed by imaging to confirm normal appearance of the 
hypothalamus and pituitary on MRI. The main differential diagnosis is with CDGP 
and can be very challenging to differentiate. Unless there are clear associated fea-
tures such as anosmia or prior genetic testing, the diagnosis can be difficult to deter-
mine until the individual is at least 18 years.

5.7  Acquired Hypogonadotropic Hypogonadism

Acquired hypogonadotropic hypogonadism is often secondary to structural central 
nervous system lesions such as pituitary adenoma, craniopharyngioma or autoim-
mune hypophysitis. Radiotherapy to the head is an iatrogenic cause of secondary 
hypogonadism.

5.7.1  Pituitary Tumours

Pituitary tumours can be classified as intrasellar and suprasellar, with the former 
being largely made up of (>90%) pituitary adenomas. The latter is mostly repre-
sented by disorders in embryogenesis such as craniopharyngioma, germinoma and 
dermoid and epidermoid cysts. Neoplastic and infiltrative processes can also occur 
including gliomas, meningiomas, germ cell tumours arising from the pituitary stalk, 
granulomatous disease including sarcoidosis and histiocytosis (see Table 5.1) and 
the iron deposition disorder, haemochromatosis. Craniopharyngiomas are the most 
common cause of hypopituitarism in childhood. Adenomas are the most common 
cause of the pituitary lesions to present in childhood and adolescence.

Craniopharyngiomas arise from squamous rest cells in the remnant of Rathke’s 
pouch between the adenohypophysis and neurohypophysis. They are rare with an 
annual incidence of 0.5–2 per million; however 30–50% of cases are present in 
childhood and adolescence and account for 1–4% childhood intracranial tumours 
[28, 29]. Although they are histologically benign, their papillae or cysts may invade 
and compress local structures.

Craniopharyngiomas commonly present with the neurological symptoms of 
headache and visual field defects coupled with manifestations of endocrine 
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deficiency such as stunted growth and delayed puberty. At diagnosis GH is the most 
common axis deficiency (75%), followed by FSH and LH (40%) and then ACTH 
and TSH deficiency (25%). Posterior pituitary deficit in the form of diabetes insipi-
dus is less common (17%) [30]. In a child presenting with delayed puberty and 
gonadotrophin deficiency combined with short stature, headache and visual distur-
bance, craniopharyngioma would be high on the list of differentials. Diagnosis is 
made with gadolinium-enhanced MRI, although CT may also be used and is specifi-
cally useful for identifying calcification in association with craniopharyngiomas. 
Surgery is the mainstay of treatment and is increasingly a balanced approach 
between aiming for total resection and also achieving optimal functional outcome. 
Radiotherapy is also used where significant residual remains post-operatively and 
risk of recurrence deemed high. Recent identification of the BRAFV600E mutation 
in papillary craniopharyngiomas has led to trials of combination therapy with BRAF 
and MEK inhibitors and subsequent therapeutic response reported [31, 32], giving 
potential for other adjuvant therapy options in the future.

Pituitary adenomas are a relatively rare cause of hypogonadotropic hypogonad-
ism in childhood, with an estimated average annual incidence of 0.1/million chil-
dren [33]. Prolactinoma is the most frequent adenoma cell type in children, followed 
by corticotrophs and somatotrophs [34]. Non-functioning adenomas, TSH- and 
gonadotrophin-secreting adenomas are very rare, accounting for only 3–6% of all 
pituitary tumours in children. Diagnosis of functioning (hormone-secreting) pitu-
itary adenomas is usually clinical with confirmation of the lesion on contrast MRI 
and identification of co-existing pituitary dysfunction with biochemistry. 
Prolactinomas tend to present in the peripubertal age group with deficiency of the 
pituitary-gonadal axis. This manifests as menstrual irregularities in girls and gynae-
comastia and delayed puberty in boys. Large adenomas show a predominance of 
neurological symptoms.

Prolactinomas may cause hypogonadotropic hypogonadism due to compression 
of the pituitary gonadotrophs; however they also lead to secondary hypogonadism 
due to the suppressive effect of hyperprolactinaemia. Both normalisation of prolac-
tin levels and reduction in size of the prolactinoma usually occur on treatment with 
dopamine agonist therapy. Other pituitary adenomas are likely to be large, causing 
structural sequelae in the form of headache and visual field disturbance as well as 
the hypopituitarism. First-line treatment for other functioning pituitary adenomas 
and non-functioning adenomas is trans-sphenoidal adenomectomy. Adjuvant soma-
tostatin analogue therapy and radiotherapy are options when surgery is 
non-curative.

5.7.2  Pubertal Effects of Treatment for Childhood Malignancies

The 5-year survival in childhood and adolescent cancers is now in excess of 80%. It 
is estimated that 1 in 1000 young adults in the United Kingdom is a childhood can-
cer survivor [35]. This impressive statistic has brought with it the long-term endo-
crine effects of the treatment for childhood cancer.
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Cranial radiotherapy involving the pituitary and hypothalamus commonly results 
in long-term dysfunction in gonadotrophin secretion—hypogonadotropic hypogo-
nadism. The effect of radiotherapy on any organ is dictated by the dose of radio-
therapy, fraction size, number of fractions, modality of the radiotherapy and the 
time since exposure [36]. As a result, the radiotherapy dose is generally divided into 
small pulses given successively over time to reduce the damage to healthy tissues 
adjacent to the abnormal lesion. The endocrine consequences of radiotherapy take 
time to develop and increase with time from exposure.

Proton beam radiotherapy has been used increasingly frequently over the past 
decade. This modality focuses the radiotherapy onto a smaller area with less scatter 
to neighbouring tissues, aiming to reduce damage to healthy tissues. The long-term 
outcomes of proton beam versus conventional radiotherapy will become clearer 
with time. These factors, along with the age of the individual, may lead to absent 
pubertal development, pubertal arrest or later disruption in gonadal and sexual func-
tion. The smaller the radiation dose, the later these effects of cranial radiotherapy 
are generally seen. Conversely, radiotherapy to the hypothalamus may initially be 
associated with precocious pubertal development as the hypothalamic ‘break’ is 
removed, allowing inappropriate activation of the hypothalamic-pituitary pathway 
and initiating puberty at a younger age than normal [37].

Testicular radiotherapy and chemotherapy treatments can result in hypergonad-
otropic hypogonadism, due to generalised gonadal damage. This area is discussed 
elsewhere in this book.

5.8  Management of Hypogonadotropic Hypogonadism

In constitutional delay, treatment is not generally necessary, and often reassurance, 
understanding and regular review are sufficient. However, due to the distress, treat-
ment may be initiated to induce puberty [38]. Careful consideration is required, as 
if started at too young an age, treatment may affect final height achieved. Treatment 
may be initiated after 14 years of age.

For those with permanent hypogonadotropic hypogonadism, treatment needs to 
continue into adult life. The main aim is start at a low dose with slow increments 
over a 2–3 year period to mimic testosterone levels during natural pubertal develop-
ment [39]. This is slowly increased over 2–3 years to an adult dose.

In pubertal arrest, an appropriate dose of intramuscular testosterone can be initi-
ated depending on the stage of puberty completed prior to the pubertal arrest.

5.9  Pubertal Induction

5.9.1  Testosterone Esters

In general, puberty is induced with testosterone esters which are given by deep IM 
(intramuscular) injection.
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 1. For constitutional delay of puberty:
 (a) Start testosterone 50 mg every 4 weeks by IM injection for 6 months.
 (b) At the end of this period, if testicular volume has increased, this suggests 

that spontaneous puberty has begun and treatment can be stopped.
 (c) If testicular volume is <8 mL, then growth may slow on stopping testosterone. 

If height velocity rather than pubertal progression is the major issue, then con-
sider a further 6-month treatment of 50 mg testosterone every 4 weeks.

 (d) If no progression in testicular volume, consider continuing 50  mg of the 
testosterone every 4 weeks for further 6 months. Cases should be discussed 
individually in the post-clinic meeting.

 2. For induction of puberty (not constitutional delay):
 (a) Testosterone should be commenced at a low dose of 50 mg every 4 weeks. 

(Consider starting earlier at 12 years and using lower doses/slower progres-
sion in boys with bilateral anorchia.)

 (b) The dose is then gradually increased over 2–3 years to maintain a normal 
pace of pubertal development until the full adult dose is reached. After 
6  months, consider increasing to 100  mg testosterone every 4  weeks, for 
further 6 months, then increase to 150 mg for 6 months and then 200 mg for 
further 6 months and then increase to the adult dose of 250 mg given every 
4 weeks. A lower dose may be needed in smaller individuals.

5.9.2  Other Options

Intramuscular testosterone remains the most popular method of pubertal induction 
in the United Kingdom, but recent studies have indicated a role for other prepara-
tions of testosterone such as transdermal gels or oral preparations [40].

 1. Oral testosterone undecanoate has been used to initiate puberty and is licensed 
but not commonly used due to variable absorption and hepatic first pass metabo-
lism leading to variable drug levels. The fluctuating levels between doses lead to 
symptomatic variations and prevent true physiological simulation, making it less 
reliable for pubertal induction. The usual starting dose is 40  mg on alternate 
days, increasing to 40 mg a day after 6–8 months (or according to response), then 
to 80 mg once daily for further 6–8 months and finally up to a maximum of 
120 mg daily. Oral testosterone has a short half-life and must be taken with food 
for satisfactory absorption and has a tendency to be 5α-reduced to dihydrotestos-
terone (DHT) in the gut.

 2. Transdermal testosterone can also be considered. Transdermal gels are currently 
unlicensed in the United Kingdom for pubertal induction, and dosing regimens 
have been extrapolated from adult data. Topical gel can be applied to the skin and 
is available in a metered-dose pump. A usual starting dose is one press of the 
canister piston which delivers 0.5 g of gel containing 10 mg testosterone. This 
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can be increased by one press every 6 months. The dose can be applied to the 
abdomen (entire dose over an area of at least 10 by 30 cm) or to both inner thighs 
(one half of the dose over an area of at least 10 by 15 cm for each inner thigh). 
The gel should be applied to clean, dry, intact skin. It should be rubbed in gently 
with one finger until dry, and then the application site should be covered, prefer-
ably with loose clothing. Hands should then be washed with soap and water. 
Daily rotation between the abdomen and inner thighs is recommended to mini-
mise application site reactions. Transfer of the gel to the skin of children and 
women should be avoided.

 3. Implanted testosterone is available for adult androgen deficiency but is not used 
for induction of puberty.

 4. Lifelong testosterone substitution can be via the IM route or transdermal. 
Once patients have been stabilised on the adult dose of testosterone for a 
while then, consider changing to 3 weekly, and then they can be converted to 
long-acting intramuscular testosterone undecanoate, 1  g IM given every 
12  weeks. Prior to the second dose, pre-dose bloods can be requested to 
include FBC (full blood count) with haematocrit, testosterone and prostatic-
specific antigen (PSA). If the transdermal route is preferred, change to testos-
terone sachets 5 mL sachet daily (=50 mg) or testosterone gel 6 metered doses 
daily (=60 mg).

 5. HCG/FSH. Although physiologically potent, HCG and FSH are not routinely 
used in induction of puberty because they are time-consuming and expensive and 
require multiple injections. They will likely be ineffective in the case of gonadal 
damage. Where used, they are initiated after commencing testosterone treatment. 
FSH is initiated first at 150 i.u. 3 times a week by subcutaneous injection. Two 
to three months later, HCG is started at 1500 I.U. twice a week by subcutaneous 
injection, and the testosterone supplementation then stopped. The dose of HCG 
is then titrated against physiological testosterone production to maintain normal 
testosterone levels. Generally these are limited to use in clinical research proto-
cols and in adult fertility clinics for stimulating spermatogenesis in males with 
hypogonadotropic hypogonadism.

5.9.3  Side Effects

Occasionally boys commencing on testosterone may become moody and slightly 
aggressive. Injected testosterone may result in fluctuating mood, energy level and 
libido caused by testosterone levels that rise rapidly upon injection and then fall too 
low before the next dose. Too rapid an increase in dose may result in premature 
fusion of the epiphyses.

In adult life, testosterone replacement is sufficient to maintain normal sexual 
function, but if fertility is desired, gonadotrophins or pulsatile GnRH is used. 
Further description of fertility induction is outside the scope of this chapter.
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5.10 Conclusion

Puberty is an important transitional period in a young person’s life. We have sum-
marised the normal physiology of puberty and when puberty is delayed this can be 
constitutional, functional or pathological. We have discussed the investigations and 
management strategies above, and therapeutic protocols will depend on the spe-
cific cause.
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6.1  Introduction

Puberty is a complex physical and psychological process that culminates with a 
complete sexual maturation, comprising the reproductive capacity. Pubertal onset 
requires activation of hypothalamic neurons to increase pulsatile GnRH secretion, 
with the gene network involved in its activation gradually coming to light. The syn-
thesis of GnRH starts early in fetal life, with this system being active during approx-
imately the first 6–9 months of life in boys (known as ‘minipuberty’), and then the 
gonadotrope axis becomes quiescent. The timing of puberty is highly heritable, and 
the reactivation of hypothalamic GnRH secretion is determined by genetic, ethnic, 
nutritional, and environmental influences [1].

The transition from childhood to puberty is determined by the reactivation of the 
hypothalamus-pituitary-gonad axis [2] and controlled by neuroendocrine and meta-
bolic factors [3, 4]. The secretion of GnRH is controlled by kisspeptin and its recep-
tor KISS1R and is modulated by the increased stimulatory effect of neurokinin B 
and its receptor and the reduced inhibitory effect of dynorphin and its receptor, 
resulting in increased GnRH secretion with pulsatile pattern (Fig. 6.1).

Furthermore, the GnRH pulsatility is under excitatory and inhibitory control, so 
at the onset of puberty, the excitatory signal increases, while the inhibitory one 
decreases [5]. The major neurotransmitter responsible for the inhibition of GnRH 
secretion during childhood is gamma-aminobutyric acid (GABA), while glutamate, 
neuropeptide Y, endorphins, opioids, and melatonin are responsible for activating 
the GnRH pulse generator and consequently setting up the timing of puberty.

In conclusion, the increased frequency and range of GnRH secretion, along with 
the increase in excitatory input of kisspeptin through KNDy neurons and glutamate 
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and the decrease in inhibitory signal from GABA neurons, mark the beginning of 
puberty [6].

Metabolic control is another important factor which influences the onset of puberty, 
particularly in girls; in fact, important information about the nutritional status and 
energy reserves are indirectly sent to the GnRH neurons by insulin and leptin signal 
pathway through mostly unidentified intermediary inputs (Fig. 6.1) [7, 8]. During the 
peripubertal period, there is a change in body composition and sensitivity to insulin, 
in fact a higher body fat content leads to an earlier pubertal maturation, and early 
puberty is in turn associated with a higher risk of obesity later in life [9].

In the last two decades, different studies have shown that the onset of puberty 
was advanced by 12–18 months [10] and some of the hypothesized causes include 
the role of nutritional status and growth but also the influence of extrinsic factors 
such as the exposure to the endocrine-disrupting chemicals (EDCs) [11]. EDCs 
cause hypomethylation and potentially should be able to modify the pubertal pro-
cess [12–14]. This class of chemicals is capable of interfering with steroid hormone 
activity, particularly estrogens and antiandrogens as demonstrated in animal models 
[15], and seems also to be linked to the shift in puberty timing [16].

Variations in the timing of pubertal development are inheritable. This has been dem-
onstrated in the studies on homozygous twins compared to dizygotic twins [17, 18]. 
The knowledge of the underlying mechanisms, including genes that explain variance, 
is still unclear. Recently, some rare genetic causes of early puberty have been reported, 
and three genes have been identified in the pathogenesis of central precocious puberty: 
KISS1 [19] encoding kisspeptin, its KISS1R receptor [20], and MKRN3, a gene 
deemed to act as a hypothalamic repressor on the gonadal axis (Fig. 6.1).
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Fig. 6.1 Hypothalamus-pituitary-gonad axis activation in puberty. The GnRH pulse is induced by 
kisspeptin and its receptor KISS1R and is modulated by neurokinin B (NKB) and its receptor 
NK3R on KNDy neurons, likely through increased kisspeptin levels. Nptx levels increase during 
puberty, and its levels are inversely associated with MKRN3, responsible for repressing pubertal 
initiation, although the exact role is still unknown. Gain-of-function mutations of kisspeptin and 
KISS1R gene and loss-of-function mutations of MKRN3 have been associated with CPP (modi-
fied by Aguirre RS et al.) [32]
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Secondary sexual development should be classified according to Tanner stage, 
evaluating pubic hair (P) and genital (G) development in boys (Fig. 6.2). The first 
external sign of puberty in boys is change from G1 to G2 stage, including enlarge-
ment of the testes with testicular volume greater than 4  mL or testicular length 
greater than 25  mm [21], with a normal pubertal development at the age of 
9–14 years with an average age of 11.5 years.

Fig. 6.2 Tanner stages of pubertal development
Pubic hair development (P):
 • Stage 1: prepubertal, with no pubic hair
 • Stage 2: sparse, straight pubic hair along the base of the penis
 • Stage 3: hair is darker, coarser, and curlier, extending over the mid-pubis
 • Stage 4: hair is adult-like in appearance but does not extend to thighs
 • Stage 5: hair is adult in appearance, extending from thigh to thigh
External genitalia development (G):
 • Stage 1: prepubertal
 • Stage 2: enlargement of testes and scrotum, scrotal skin reddens, and changes in texture
 • Stage 3: enlargement of penis, further growth of testes
 •  Stage 4: increased size of penis with growth in breadth and development of glans, testes and 

scrotum larger, scrotal skin darker
 • Stage 5: adult genitalia
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Precocious puberty is defined as the onset of sexual characteristics before 9 years 
in boys, at a chronological age 2–2.5 SD before the mean age of pubertal onset for 
Caucasian population [21].

Based on the definition of precocious puberty, the prevalence rate is expected 
to be around 2%, or 2 every 100 children. However, population studies have dem-
onstrated different rates depending on the population studied. Nine-year Danish 
national registries provide a very low incidence for boys (<1 per 10,000) and a 
prevalence fivefold lower than girls (<5 per 10,000 vs 20–23 per 10,000  in 
girls) [22].

Precocious puberty can be classified based upon the underlying pathologic 
process as:

• Central precocious puberty (CPP, also known as gonadotropin-dependent preco-
cious puberty) is due to early maturation of the hypothalamic-pituitary-gonadal 
axis. CPP is characterized by maturation of testicular and penile enlargement and 
pubic hair in boys.

• Peripheral precocious puberty (PPP, also known as gonadotropin-independent 
precocious puberty) is caused by excess secretion of sex hormones from the 
gonads or adrenal glands, exogenous sources of sex steroids, or ectopic produc-
tion of gonadotropin from a germ cell tumor.

• Benign or nonprogressive pubertal variants, including isolated androgen- 
mediated sexual characteristics (such as pubic and/or axillary hair, acne, and 
apocrine odor) in boys that result from early activation of the hypothalamic–pitu-
itary–adrenal axis (premature adrenarche). Both of these disorders can be a vari-
ant of normal puberty.

In at least 50% of cases of precocious pubertal development, pubertal manifesta-
tions will regress or stop progressing, and no treatment is necessary [23]. Although 
the mechanism underlying these cases of nonprogressive precocious puberty is 
unknown, the gonadotropic axis is not activated.

6.2  Central Precocious Puberty

Central precocious puberty (CPP, also known as gonadotropin-dependent preco-
cious puberty) is due to early maturation of the hypothalamic-pituitary-gonadal 
axis, and it is the most common mechanism of precocious puberty. Although the 
onset is early, the pattern and timing of pubertal events are usually normal.

6.2.1  Causes

Several cerebral malformations and acquired insults have been associated with CPP 
(Table 6.1), although idiopathic disease is described in 25–60% of boys, as reported 
by some authors [24]. The most frequently detected brain abnormalities associated 
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with CPP include hypothalamic hamartomas, encephalitis, hydrocephalus, neurofi-
bromatosis type 1, meningomyelocele, and neonatal encephalopathy [25]. The 
hypothalamic hamartoma, known as hamartoma of the tuber cinereum, represents 
the most common cause of organic cause of CPP, usually in children before the age 
of 4 years. It is a benign congenital tumor composed of GnRH neurons or trans-
forming growth factor (TGF)α-producing astroglial cells that could cause prema-
ture activation of pulsatile GnRH release [26]. The disease phenotype caused by 
hamartomas can be associated with neurological abnormalities, such as gelastic 
(laughing or crying), focal, or generalized tonic-clonic seizures, and cognitive 
impairment [27].

Other CNS tumors associated with CPP include astrocytomas, ependymomas, 
pinealomas, hypothalamic or optic gliomas, craniopharyngiomas, dysgerminomas 
(non-hCG secreting), and meningiomas. In patients with neurofibromatosis, CPP is 
usually, but not always, associated with an optic glioma [28].

Cranial irradiation, particularly at high dose used for CNS malignancies, may 
cause CPP in boys with consequent rapid progress of bone age maturation and risk 
of short stature [29, 30].

CPP has been associated also with congenital or acquired lesions, such as hydro-
cephalus, cysts, trauma, inflammatory disease, tuberous sclerosis, or septo-optic 
dysplasia.

Table 6.1 Causes of CPP

CNS lesions—congenital malformations
• Hypothalamic hamartoma
• Suprasellar arachnoid cysts
• Hydrocephalus
• Glioma or neurofibromatosis type 1
• Tuberous sclerosis
• Septo-optic dysplasia
• Chiari II malformations and myelomeningocele
CNS lesions—acquired insults
•  Tumors: astrocytoma, ependymoma, pinealoma, hypothalamic or optic glioma, 

craniopharyngioma, dysgerminoma (non-hCG secreting), meningioma
• Post-insults (perinatal, infection trauma, radiotherapy)
• Granulomatous disease
• Cerebral palsy
No CNS lesions
• Idiopathic
• Endocrine disruptors
• No CNS lesions—congenital causes
•  Genetic changes: gain-of-function mutations in the genes encoding kisspeptin (KISS1) and 

kisspeptin receptor (KISS1R [formerly called GPR54]), loss-of-function mutation in 
makorin ring finger 3 (MKRN3)

• Chromosomal abnormalities
No CNS lesions—acquired conditions
• International adoption
• Early exposure to sex steroids (secondary central precocious puberty)

6 Disorders of Pubertal Development: Precocious Puberty



100

Specific genetic mutations have been associated with CPP, although they repre-
sent a minority of cases. Studies have described [19, 20, 31] the activation of the 
genes KISS1, which encodes kisspeptin, and KISS1R (formerly called GPR54), 
which encodes the kisspeptin receptor, and the inactivation of the MKRN3 gene in 
the premature reactivation of GnRH secretion, which was previously deemed idio-
pathic (Fig. 6.1) [32].

MKRN3, an imprinted gene located on the Prader-Willi syndrome critical 
region (15q11-q13), encodes makorin ring finger protein 3 and represents one of 
the main factors involved in repressing pubertal initiation. Thus, loss-of-function 
mutations in this gene would lead to diminished inhibition and early onset of 
puberty. The MKRN3 protein is derived only from RNA transcribed from the 
paternally inherited copy of the gene, because of maternal imprinting [31]. 
Segregation analysis of families with central precocious puberty caused by 
MKRN3 mutations clearly shows an autosomal dominant inheritance with com-
plete penetrance. MKRN3 mutations have been demonstrated to be associated with 
up to 46 percent of familial cases of CPP [33] as well as identified in children with 
apparently sporadic disease [34]. Because of the imprinting pattern (maternal 
silencing) of MKRN3, the disease phenotype can be inherited from an asymptom-
atic father who carries an MKRN3 mutation. Indeed, genotype analysis of patients 
who have MKRN3 mutations and no family history of premature sexual develop-
ment showed that paternal inheritance was present in all studied cases [34]. 
Findings from these initial studies suggested that the familial nature of this disor-
der is probably under-recognized, because of the difficulty of obtaining a precise 
family history from the father and the likelihood of underdiagnosis of early testicu-
lar enlargement. A growing list of loss-of-function mutations of MKRN3 has been 
identified in several affected families from different ethnic groups [31–40]. 
Remarkably, patients with MKRN3 mutations had typical clinical and hormonal 
features of premature activation of the reproductive axis, including early pubertal 
signs such as testis and pubic hair development, accelerated linear growth, advanced 
bone age, and raised basal or GnRH-stimulated LH concentrations.

Distinct chromosomal abnormalities have been associated with complex syn-
dromic phenotypes that could include premature sexual development caused by 
activation of the hypothalamic-pituitary-gonadal axis. Among these syndromes are 
the 1p36 deletion, 7q11.23 microdeletion (Williams-Beuren syndrome) [41], 9p 
deletion [42], maternal uniparental disomy of chromosomes 7 (Silver-Russell syn-
drome) and 14 (Temple syndrome) [43], inversion duplication of chromosome 15 
[44], de novo interstitial deletion and maternal uniparental disomy of chromosome 
15 (Prader-Willi syndrome) [45], and a de novo deletion in cyclin-dependent kinase-
like 5 gene (CDKL5, located in the Xp22 region) [46], with a phenotype reminis-
cent of Rett syndrome.

Internationally adopted children have 10–20 times increased risk of developing 
CPP, particularly when adopted after 2 years of age as reported by Danish national 
registries, while the risk of developing CPP was only marginally increased in chil-
dren immigrating with their family [47]. The reason for this finding is unclear, but 
it has been hypothesized that nutritional deprivation in early life followed by 
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increased adiposity after adoption and stressful psychosocial factors trigger the 
pubertal maturation. Additionally, environmental effects including early life expo-
sure to endocrine-disrupting factors, such as estrogenic and antiandrogenic chemi-
cals, can affect pubertal onset. Indeed, most of adopted children coming from 
malaria-endemic countries had been exposed to the insecticide dichlorodiphenyltri-
chloroethane (DDT) during prenatal life and infancy [48]. DDT has prominent 
estrogenic properties, and its derivative dichlorodiphenyldichloroethylene (DDE) is 
regarded as antiandrogenic [49]. These findings initially suggested the potential 
involvement of DDT in the early pathogenesis of sexual precocity in exposed chil-
dren, although additional animal and human studies are needed to establish the role 
of these chemicals in pubertal disorders.

Long-term exposure to high serum levels of sex steroids, as occur in sex steroid- 
producing tumors, testotoxicosis, McCune-Albright syndrome, and poorly con-
trolled congenital adrenal hyperplasia, leads to an increased growth rate, to an 
accelerated bone age, and acts as trigger of the maturation of hypothalamic centers 
that are important for the initiation of puberty. The decrease in sex steroids follow-
ing the treatment of the primary underlying disorder causes an activation of the 
precociously matured hypothalamic GnRH pulse generator via feedback mecha-
nisms, resulting in secondary CPP [50].

6.2.2  Evaluation

The evaluation is warranted in boys presenting with signs of secondary sexual 
development before the age of 9 years, beginning with a medical history and physi-
cal examination. In most cases, radiographic measurement of bone age is performed 
to determine whether there is a corresponding increase in epiphyseal maturation.

6.2.3  Medical History and Physical Examination

The first step in evaluating a child suspected for CPP is to obtain a complete fam-
ily history (age at onset of puberty in parents and siblings) and personal history, 
including when the initial pubertal changes were first noted and progression of 
pubertal manifestations. Usually children with CPP present normal sequence of 
pubertal development but, at an earlier age, with a rapid rate of linear growth and 
skeletal maturation due to high concentration of sex steroids. In addition, other 
questions are directed toward any evidence of possible CNS dysfunction, such as 
headaches, changes of behavior or vision, seizures, or previous history of CNS 
disease or trauma. Physical examination includes height, weight, and height 
velocity (HV, measured as cm/year). Children with CPP display an early growth 
acceleration with HV over 95th percentile for age. Secondary sexual develop-
ment should be assessed to determine the sexual maturity rating and classified 
according to Tanner stage, which means evaluating pubic hair (P) and genital (G) 
development in boys (Fig.  6.2). The genital evaluation is made with 
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measurements of the testicular volume, rather than with penile size because 
penile growth is not an early event in puberty and accurate measurement is dif-
ficult and awkward for the adolescent boy. CPP should be suspected when 
Tanner’s genital stage changes from G1 to G2 including enlargement of the testes 
with testicular volume greater than 4 mL or testicular length greater than 25 mm 
usually associated with Tanner’s pubic hair initial development [21]. On the con-
trary, CPP is ruled out when Tanner’s pubic hair stage changes from P1 to P2 
without enlargement of testicular volume. For all these reasons, the measurement 
of testicular volume is critical on physical evaluation and is typically measured 
using the Prader orchidometer (Fig. 6.3).

6.2.4  Bone Age

The evaluation of epiphyseal maturation by radiographic assessment of bone age 
(Greulich and Pyle or TW2/TW3 20 bones atlas) of patients with CPP can help in 
differential diagnosis of precocious puberty. In fact, the bone age of patients with 
CPP is generally advanced by at least 1 year or by more than 2 standard deviations 
(SDs), in relation to chronological age [51]. However, the absence of advanced bone 
age is not a reason to discontinue follow-up assessment when increased growth 
velocity and other clinical symptoms of progressive puberty are present. Bone age 
is also used to predict adult height, although this prediction tends to overestimate 
adult height and is not very reliable [52].

6.2.5  Laboratory evaluation

In boys, testosterone is an excellent marker for sexual precocity, because most 
patients have morning plasma testosterone values in the pubertal range [51]. Tandem 
mass spectroscopy methods are more sensible than immunoassay methods to distin-
guish between prepubertal and early pubertal testosterone concentrations. The gold 

Fig. 6.3 Prader 
orchidometer
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standard biochemical diagnosis of CPP is based on the assessment of gonadotro-
pins, mainly LH, at 30 or 45 min after stimulation with exogenous GnRH or GnRH- 
releasing hormone agonists [51]. Cutoff concentrations for an LH peak higher than 
5 IU/L, assessed by ultrasensitive immunoassays, are usually indicative of an acti-
vated gonadotropic axis [51, 53]. Children with CPP tend to have a more prominent 
LH increase after stimulation with a peak LH-to-FSH ratio of 0.6–1.0 suggesting 
for diagnosis. However, its sensitivity and specificity are not greater than the GnRH- 
stimulated peak LH alone [54]. With the development of laboratory methods that 
make use of monoclonal antibodies such as immunofluorometric, immunochemilu-
minometric, and electrochemiluminometric assays, which have higher sensitivity 
and specificity than radioimmunoassay methods with a lower limit of detection of 
≤0.1 mUI/mL, it has been suggested to use morning baseline LH to assess the acti-
vation of the gonadotropic axis, avoiding the need for GnRH agonist test [54]. 
However, unless levels of LH are clearly elevated, it is advisable to confirm the 
diagnosis of progressive CPP with a stimulation test.

Gonadotropins evaluations are not reliable in boys younger than 6 or 12 months, 
because baseline gonadotropin concentrations are usually high due to “minipu-
berty” period.

6.2.6  Imaging

Magnetic resonance imaging (MRI) of the brain should be performed in boys with 
confirmed CPP to rule out any hypothalamic or CNS lesion (Table 6.1). The preva-
lence of such lesions is higher in boys (40–90%) than in girls and more frequent in 
younger patients with rapid progression of pubertal development [24].

6.2.7  Treatment

Long-acting GnRH agonists are the gold standard treatment for CPP. They pro-
vide a continuous stimulation to the pituitary gonadotrophs, instead of physio-
logic pulsatile secretion of hypothalamic GnRH, leading to desensitization of the 
gonadotroph cells and decreases in release of LH and FSH [55]. This treatment 
can be used for patients with idiopathic or neurogenic CPP, such as for secondary 
CPP. However, not all patients require treatment, and the decision depends upon 
the rate of pubertal progression, height velocity, and the estimated adult height. In 
fact, boys with CPP who present before 9 years of age with a rapid progression of 
maturation benefit the most from therapy because they have early epiphyseal 
fusion and reduced adult height if they are not treated [56]. In contrast, boys who 
have a very slowly progressive variant of CPP usually do not require any therapy 
because their adult height without treatment is concordant with their mid-parental 
height range [57]. Based upon the data reported above, the primary goal of treat-
ment for CPP is to allow a child to grow to a normal adult height and secondarily 
to relieve psychosocial stress.
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GnRH agonist administration results in an initial transient stimulation of gonad-
otropin secretion from the pituitary, followed by a complete, but reversible, suppres-
sion of the pituitary-gonadal axis. Several GnRH agonists are available in various 
long-acting depot forms as intramuscular injections for monthly, 3 or 6 monthly 
dosing, or 12 monthly subcutaneous implant. Their approval for use and recom-
mended doses in precocious puberty vary in different countries (Table 6.2). The 
most widely used drugs are triptorelin and leuprorelin monthly or 3 monthly intra-
muscular depot [56]. A recent meta-analysis confirms that the quarterly formulation 
is similarly effective in suppressing the pituitary-gonadal axis to the monthly for-
mulation with the advantage of less injections required, although few data are avail-
able in male population [58].

Short-acting GnRH agonist formulations, including daily subcutaneous injec-
tions and multiple daily dosing intranasal sprays, are also available, though the 
depot preparations are preferable for their greater effectiveness in pubertal suppres-
sion in addition to an improved compliance.

The use of GnRH agonist results in the regression or stabilization of pubertal 
symptoms, lowering of growth velocity to normal prepubertal values, and decrease 
of bone-age advancement [56]. Progression of testicular development usually indi-
cates poor compliance, treatment failure, or incorrect diagnosis, demanding further 
assessment.

Table 6.2 Long-acting GnRH agonists for the treatment of CPP

GnRH agonist Availability Dose, frequency, and method of administration
Histrelin acetate 
subcutaneous implant

US 50 mg implant surgically inserted every 
12 months

Leuprolide acetate 
(leuprorelin)

US, CAN, EU, AU, 
SA, elsewhere

Intramuscular depot injection, given every 
28 days:
• US: PW ≤25 kg, 7.5 mg; PW >25 kg, 

11.25 mg
• EU: 3.75 mg
Intramuscular depot injection, given every 
12 weeks
• US: 11.25, 22.5, or 30 mg (criteria for 

selection of the dosage have not been 
established)

• EU: 11.25 mg
Goserelin acetate US, UK, EU, CAN, 

SA, elsewhere
Subcutaneous implant injected into the 
anterior abdominal wall:
3.6 mg every 28 days or 10.8 mg every 
12 weeks

Triptorelin pamoate UK, EU, SA, 
elsewhere

Intramuscular depot injection every 28 days:
PW ≤20 kg: 1.875 mg
PW 20–30 kg: 2.5 mg
PW >30 kg: 3.75 mg
An 11.25/22.5 mg intramuscular depot 
injection every 12/24 weeks, respectively, is 
available in some countries

US United States, CAN Canada, EU European Union, AU Australia, SA South America, UK United 
Kingdom, PW Patient weight
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The duration of GnRH agonist therapy should be long enough to optimize final 
adult height yet still allow progression of pubertal characteristics at an age that is 
concurrent with the individual’s peers, although the optimum time to discontinue 
treatment has not been formally established due to lack of data available about 
GnRH agonist treatment in boys. As described for girl, commonly the treatment 
withdrawal is recommended between 12 and 12.5 years of bone age in boys or when 
a marked deceleration of growth occurs to avoid the loss of physiologic pubertal 
growth spurt [59]. When monthly GnRH agonist therapy is stopped, normal puberty 
returns within few months.

Treatment may be associated with headaches and menopausal symptoms (e.g., 
hot flushes); these adverse effects are generally transient and resolve spontane-
ously or with symptomatic treatment. Local complications, including sterile 
abscesses at injection sites, occur in 3–13% of patients [60]. Fat mass tends to 
increase with treatment, whereas lean mass and bone density tend to decrease, 
although longitudinal studies indicate that the prevalence of obesity does not 
increase during or after treatment and that bone density is normal after the cessa-
tion of treatment [61, 62].

6.3  Peripheral Precocious Puberty

Peripheral precocious puberty (PPP, also known as gonadotropin-independent preco-
cious puberty) is due to secretion of sex hormones not depending to an early matura-
tion of the hypothalamic-pituitary-gonadal axis. Indeed FSH and LH levels are usually 
suppressed in PPP, and they do not increase after GnRH stimulation. Further charac-
terization is based upon whether the sexual characteristics are appropriate for the 
child’s gender (isosexual) or inappropriate, with feminization of boys (controsexual).

6.3.1  Causes

PPP is caused by excess secretion of sex hormones derived either from the gonads 
or adrenal glands or from exogenous sources.

Leydig cell tumor is a testosterone-secreting tumor responsible of PPP in boys. 
Usually, it should be considered in any boy with asymmetric testicular enlargement. 
Even if a distinct mass cannot be palpated and none is evident on ultrasonography, 
the larger testis should be biopsied if it enlarges during follow-up. These tumors are 
almost always benign and are readily cured by surgical removal with radical orchi-
ectomy [63].

Human chorionic gonadotropin-secreting germ cell tumors secrete hCG, which 
in boys activates LH receptors on the Leydig cell resulting in increased testosterone 
production. The increase in testicular size is less than expected for the serum testos-
terone levels and degree of pubertal development because most of the testis enlarge-
ment is made up of tubular elements FSH- depending for maturation. These tumors 
occur in the gonads, brain (often in the pineal region), liver, retroperitoneum, and 
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anterior mediastinum, reflecting sites of embryonic germ cells before their coales-
cence in the gonadal ridge. The histology of hCG-secreting tumors ranges from 
dysgerminoma, which responds readily to therapy, to the more malignant embryo-
nal cell carcinoma and choriocarcinoma [64]. Familial male-limited precocious 
puberty, also known as testotoxicosis, is caused by an activating mutation in the LH 
receptor gene, which results in premature Leydig cell maturation and testosterone 
secretion. Affected boys typically present between 1 and 4  years of age [65]. 
Although this rare disorder is inherited as an autosomal dominant character, only 
boys are affected because activation of both LH and FSH receptors is required for 
estrogen biosynthesis in girls.

Children with severe, long-standing primary hypothyroidism occasionally pres-
ent PPP with premature testicular enlargement, known as the “overlap” or Van Wyk- 
Grumbach syndrome. The proposed mechanism is cross-reactivity and stimulation 
of the FSH receptor by high serum thyrotropin (TSH) concentrations, because both 
TSH and FSH share a common alpha subunit [66]. The signs of pubertal develop-
ment regress after thyroxine therapy onset.

Exogenous estrogen or testosterone exposure can cause PPP in boys with contra- 
and isosexual development, respectively. Feminization, with gynecomastia in boys, 
has been attributed to excess estrogen exposure from creams, ointments, and sprays 
(e.g., oral contraceptive pills, estrogen-based cream for menopausal symptoms) [67]. 
Other possible sources of estrogen exposure include contamination of food with hor-
mones, phytoestrogens that share a chemical structure with estrogen (e.g., soy), and 
folk remedies with estrogenic activity such lavender oil and tea tree oil [68].

Multiple case reports of transdermal testosterone products causing virilization in 
children have also been reported [69].

Adrenal causes of excess androgen production include androgen-secreting 
tumors (i.e., Cushing’s syndrome, adrenal neoplasia) and enzymatic defects in adre-
nal steroid biosynthesis as nonclassic (or late-onset) congenital adrenal hyperplasia 
(NCCAH). Boys with an adrenal cause of PPP may present premature pubarche 
without testicular enlargement (testes have testicular volume less than 4  mL or 
diameter less than 2.5 cm). Rarely, adrenal tumors can lead to feminization due to 
both androgen and estrogen production, the latter because of intra-adrenal aromati-
zation of androgen or for peripheral aromatization [70].

McCune-Albright syndrome (MAS) is a rare disorder defined as the triad of PPP, 
irregular café-au-lait skin pigmentation, and fibrous dysplasia of the bone. Patients 
with MAS have a somatic (postzygotic) mutation of the alpha subunit of the Gs 
protein that activates adenylyl cyclase [71]. This mutation leads to continued stimu-
lation of endocrine function (e.g., precocious puberty, thyrotoxicosis, gigantism or 
acromegaly, Cushing’s syndrome, prolactin-secreting adenoma, and hypophospha-
temic rickets) with a markedly various clinical phenotype, depending on which tis-
sues are affected by the mutation. PPP is the most commonly reported manifestation 
of MAS, although is less common in boys than girls. There is a high prevalence of 
ultrasound-detected testicular pathology, including hyper- and hypoechoic lesions 
(most likely representing areas of Leydig cell hyperplasia), microlithiasis, and focal 
calcifications [72]. Mutations can be also found in other non-endocrine organs (such 
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as the liver and heart) resulting in cholestasis and/or hepatitis, intestinal polyps, and 
cardiac arrhythmias, respectively. A heightened risk of malignancy has also been 
reported [73].

6.4  Evaluation

6.4.1  Medical History and Physical Examination

As described for CPP, the first step in evaluating a child suspected for PPP is to 
obtain a complete family history to identify familiar causes and personal history, 
including when the initial pubertal changes were first noted, progression of pubertal 
manifestations, and to rule out an estrogen or androgen exogenous exposition. 
Usually children with PPP have a peripheral source of gonadal hormones and are 
more likely to display deviations from the normal sequence of pubertal develop-
ment with a rapid rate of linear growth and skeletal maturation. The physical exami-
nation could permit to identify the possible cause of PPP. In fact, patients with mild 
or asymmetric testicular enlargement could be suspected for testicular causes, cuta-
neous café-au-lait spots could evocate MAS, while premature pubarche without 
testicular enlargement is suggestive for adrenal origin of sexual hormones. Finally, 
children with isolated contrasexual development such as gynecomastia may have 
been exposed to exogenous estrogen.

6.4.2  Bone Age

As for CPP, the bone age of patients with PPP is generally advanced by at least 
1 year or by more than 2 standard deviations (SDs), in relation to chronological age 
[51], except for boys with hypothyroidism who present a delayed bone age.

6.4.3  Laboratory Evaluation

The peripheral causes of PP are commonly characterized to have elevated morning 
plasma testosterone values as in the pubertal range, with suppressed gonadotropins 
(FSH and LH) [51]. In boys with premature pubarche without testicular enlarge-
ment, measurement of adrenal steroids may help to distinguish between PPP and 
benign premature adrenarche. Indeed, elevated level of early morning 17-hydroxy-
progesterone (17-OHP) over 1000 ng/dL is diagnostic for Non Classical Congenital 
Adrenal Hyperplasia (NCCAH), while moderately elevated level between 200 and 
1000 ng/dL is suggestive for NCCAH, and a high-dose (250 mcg) ACTH stimula-
tion test is recommended to confirm the diagnosis [74]. Elevated level of DHEAS 
concentration may be due to a rare case of adrenal tumor or to a rare ACTH-
dependent Cushing’s disease when associated with elevated 24-h urinary free corti-
sol (UFC), late-night salivary cortisol, and early morning ACTH serum values.
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Furthermore, the hCG dosage is recommendable to evaluate for the possibility of 
an hCG-secreting tumor, as well as the thyroid evaluation with TSH concentration 
to rule out a suspected chronic primary hypothyroidism.

6.4.4  Imaging

Ultrasound examination of the testes could be performed in boys with PPP and mild 
or asymmetric testicular enlargement to evaluate for the possibility of a Leydig cell 
tumor, testotoxicosis, or MAS. Finally, abdominal ultrasound and/or computerized 
tomography (CT) scan should be performed if adrenal tumor is suspected.

6.4.4.1  Treatment
The treatment of PPP is directed to removing or blocking the production of the 
excess sex hormones, depending on the cause. Testicular and adrenal tumors are 
treated by surgery, while the identification and removal of exogenous sexual ste-
roids permit the regression of pubertal changes.

Glucocorticoid replacement therapy is only recommended in boys with NCCAH 
associated with an advanced bone age coupled with a poor height prediction com-
pared to family target height [75].

Testotoxicosis and MAS in boys are treated with a combination of an antiandro-
gen (androgen receptor antagonist such as spironolactone or bicalutamide) and an 
aromatase inhibitor, such as anastrozole or Letrozole, which inhibit the conversion 
of testosterone to estradiol, thereby retarding further bone maturation. Although the 
data provided by this combined therapy appear promising, long-term studies are 
needed to further define the safety and efficacy of these pharmacological agents. In 
the past, ketoconazole was included in treatment regimen as inhibitor of steroid 
synthesis, but its use is limited due to its potential hepatotoxicity and adrenal insuf-
ficiency side effect [76, 77]. Testicular Leydig cell hyperplasia is common in MAS, 
but surgical treatment is avoided to preserve fertility.

The decrease of sex steroid levels may lead to CPP, often when associated with 
an advanced bone age; therefore GnRH agonist treatment is required.

6.5  Benign or Nonprogressive Pubertal Variants

Premature adrenarche is a very mild form of hyperandrogenism, characterized by 
the appearance of pubic and/or axillary hair prior to the age of 9 years in boys asso-
ciated with a mild elevation in serum dehydroepiandrosterone sulfate (DHEAS) for 
age (typically 40–115 mcg/dL or 1.1–3.1 mcmol/L) [78]. Children with premature 
adrenarche tend to be taller than average and to have a bone age and linear growth 
rate that are above average but still within the normal range, with normal predicted 
adult height for the family target height. It is commonly assumed that the process is 
caused by premature development of the adrenal zona reticularis as a variant of 
normal development, although several studies described that premature adrenarche 
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could be associated with obesity and with low birth weight probably due to insulin 
resistance [78–80].

Some cases of premature pubarche, known as “idiopathic premature pubarche,” 
occur in children with normal androgen levels and likely reflect increased sensitiv-
ity of the pilosebaceous unit to age-appropriate levels of androgen [81].

Nonprogressive or intermittently progressive precocious puberty represents a 
form of CPP that appears clinically stable or with very slow progression in their 
pubertal signs. The bone age is typically not as advanced compared with boys with 
true CPP, and serum LH concentrations are within the pre- or early pubertal range, 
indicating that the hypothalamic–pituitary–gonadal axis is not fully activated. In 
these cases, treatment with a GnRH agonist is not needed because their adult height 
is not affected [57].

All of these forms described above require no specific endocrine treatment but 
only clinical monitoring for evidence of pubertal progression to distinguish them 
from true CPP or PPP cases.
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7.1  Introduction

Varicocele is defined as the tortuosity and abnormal dilation of the pampiniform 
plexus draining the testis. According to evidences, varicocele is reported in 19–41% 
of patients with primary infertility and in up to 80% of the patients with secondary 
infertility [1].

R. Cannarella · A. E. Calogero · R. A. Condorelli · F. Giacone · S. La Vignera (*) 
Department of Clinical and Experimental Medicine, University of Catania, Catania, Italy
e-mail: sandrolavignera@unict.it; sandrolavignera@policlinico.unict.it 

A. Aversa 
Department of Experimental and Clinical Medicine, Magna Græcia University, Catanzaro, 
Italy

7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-80015-4_7&domain=pdf
https://doi.org/10.1007/978-3-030-80015-4_7#DOI
mailto:sandrolavignera@unict.it
mailto:sandrolavignera@policlinico.unict.it


116

The overall prevalence is 15% in adulthood, and this data is also confirmed dur-
ing adolescence [1]. Accordingly, a prevalence of 15.7% has been found among a 
cohort of 7000 young men with a median age of 19 years in a European study [2]. 
A Turkish investigation involving 4052 children and adolescents reported an 
increasing prevalence after the onset of puberty [3] (Table 7.1).

Current evidence, mostly arising from studies on adult patients, indicates that 
varicocele negatively affects the testicular function. In adults, varicocele has a nega-
tive role on testicular function. Hence, as a matter of fact, poorer semen quality, 
pregnancy outcomes [4–6], and testosterone levels (as meta-analytic data indicate 
[7]) have been reported in patients with varicocele compared to healthy controls.

There is a lack of knowledge concerning the impact of varicocele during adoles-
cence. Indeed, despite consensus has been reached in the last decade on the manage-
ment and treatment of adulthood varicocele [8], these topics are still unclear and 
debated during adolescence.

During pubertal development, the rapid increase of testicular volumes and con-
sequent hormone changes are responsible of the huge heterogeneity observed in 
adolescent population. Therefore, a standard approach is difficult and may be 
planned according to the stage of pubertal development. Currently, the challenge is 
to know which patient should be treated and when and what type of treatment should 
be proposed [9].

The aim of this review is to discuss the impact of adolescent varicocele on the 
testicular function from an endocrinological perspective. The current positions on 
diagnosis, management, and treatment of the European Society for Pediatric 
Urology (ESPU), the European Association of Urology (EAU), the American 
Urological Association (AUA), and the American Society for Reproductive 
Medicine (ASRM) will be examined.

7.2  Pathogenesis of Testicular Damage

Varicocele is potentially able to affect conventional semen parameters in the youth. 
In this regard, according to a recent meta-analysis comparing 357 varicocele patients 
aged 15–24 with 427 age-matched controls, the varicocele group had a significant 
decrease in sperm concentration (24 million/mL), motility (7.5%), and morphology 
(1.7%) [10].

These findings have been confirmed also elsewhere, and a role for varicocele- 
induced testicular hypotrophy in the determination of sperm abnormalities has been 
proposed. Accordingly, Tanner stage V adolescent patients (14–20 years old) with 
testicular volume asymmetry greater that 10% showed lower sperm concentration 

Table 7.1 Prevalence of vari-
cocele in childhood and adoles-
cence [3]

Age (years) Prevalence (%)
2–6 0.88
7–10 1
11–14 7.8
15–19 14.1
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and total motile sperm count compared with those having a lower testicular asym-
metry. An even higher decrease was found in those with values >20% (medians of 
total motile sperm counts were of 64, 32, and 10 million in patients with 10%, 15%, 
and 20% testicular asymmetry, respectively) [11].

Several theories have been suggested to explain the mechanisms by which vari-
cocele may impact on testicular function.

Varicocele, by causing scrotal hyperthermia, could affect spermatogenesis. A 
decreased expression of the heat shock proteins (HSPs) can promote heat stress, 
being the latter associated with the markers of oxidative stress (OS) and apoptosis. 
Testis weight can be affected by transient exposure to high temperature by interfer-
ing with spermatogenesis. Also, leucocyte trapping, which is induced by blood sta-
sis in varicose veins, causes reactive oxygen species (ROS) release and promotes 
testicular hypoxia.

Individual susceptibility to OS and thermogenic damage may be conferred by 
constitutive low antiapoptotic and increased proapoptotic gene expression (HSP, 
metallothionein-1, BCL-2, BAX, PHUDA1, PRM2, CCIN), thus providing reasons 
why some patients are more susceptible to high-degree varicocele-induced testicu-
lar damage than others [12].

The childhood testis is mainly made of immature and actively proliferating 
Sertoli cells, secreting anti-Müllerian hormone (AMH). Testicular volume reflects 
the degree of Sertoli cell proliferation in this phase of life. At the onset of puberty, 
Sertoli cells secrete lower amounts of AMH and lose the ability to proliferate, leav-
ing the immature state and acquiring maturity. Since each Sertoli cell can support a 
defined number of germ cells, the final number of Sertoli cells reached at puberty 
will determine the spermatogenetic potential [13].

Any event interfering with Sertoli cell proliferation and maturation in childhood 
may potentially impair testicular volume and the spermatogenetic potential in ado-
lescence and adulthood. Noteworthy, since high temperature can impair Sertoli cell 
proliferation [14], varicocele may hypothetically lower the final Sertoli cell number 
in childhood (at least in some cases), thus causing a damage that cannot be reverted 
later in life. This evidence highlights the importance of proper management and 
treatment of childhood and adolescent varicocele.

7.3  Diagnostic Evaluation

Adolescent varicocele is asymptomatic in most of cases, although symptoms such 
as chronic fullness or scrotal or inguinal swelling may occasionally occur [9]. It is 
left-sided in the 90% and bilateral only in the 3% of cases. This is due to the testicu-
lar venous drainage entering the left renal vein with a 90° angle. By contrast, tes-
ticular right-side venous flux drains directly into the inferior vena cava forming an 
obtuse angle [9, 15].

Adolescent varicocele is mostly diagnosed during routine medical examination 
for school or sports or by testicular auto-palpation. The physical examination is the 
first step to make the diagnosis; it is required for genital inspection and testis, 
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epididymis, and deferent duct palpation, in supine position. The testicular volume is 
estimated by Prader orchidometer. Varicocele is appreciated in standing position. It 
usually presents as a plexus of veins having a consistency of a “bag of warms,” and 
the Valsalva maneuver may be evoked to ascertain the presence of blood reflux. 
According to the Dubin and Amelar clinical staging, varicocele may be classified 
into four grades: grade 0, which defines subclinical varicocele (not clinically, detect-
able only by ultrasound); grade I, indicating a palpable varicocele only during the 
Valsalva maneuver; grade II, when varicocele is appreciable without the need to 
evoke the Valsalva maneuver; and grade III, referring to a varicocele that is already 
visible at inspection [16].

Doppler ultrasound is needed to assess the varicocele grade, evaluating the maxi-
mum vein diameter and the peak retrograde flow (PRF). By Doppler examination, 
following the Sarteschi’s scale, varicocele can be scored in five different degrees, 
based on the time when reflux is detected and the extension of varicosity [17] 
(Table 7.2).

The nutcracker phenomenon (NcP) is due to the compression of the left renal 
vein between the aorta and the mesentery artery. This causes renal venous hyperten-
sion and dilatation of collateral veins, thus predisposing to varicocele. In the case of 
abdominal pain, hematuria, proteinuria, left-sided flank/lower abdominal pain, vari-
cose veins, urinary frequency, and left-sided varicocele with a vein lumen diameter 
>3 mm NcP may be suspected [18]. In such cases, Doppler ultrasound of the renal 
vessels is useful. Ultrasound criteria suggestive for NcP have been proposed [18], 
and they are summarized in Table 7.3.

Very few data are reported about the prevalence of NcP in young patients: some 
authors have suggested that it is frequent in adolescents, since it has been diagnosed 
in 77 patients with higher velocity ratios than those without in a cohort of 182 

Table 7.2 Ultrasound varicocele degree classifications

Scale Degree Description
Sarteschi I Reflux detected only during Valsalva maneuver, in the absence of evident 

scrotal varicosity during US study
II Small posterior varicosity that extends to the superior pole of the testis. 

Their diameter increase and the reflux became detectable in the 
supratesticular region only during Valsalva maneuver

III Vessels appear enlarged in the superior pole only in standing position. No 
enlargement can be detected in supine position. Reflux is observed only 
during Valsalva maneuver

IV Vessels appear enlarged in supine position. Dilatation is more marker 
during Valsalva maneuver

V Venous ectasia is detected in prone and supine position. Reflux occurs at 
rest, and it does not increase during Valsalva maneuver

Dubin 0 Moderate and transient venous reflux during Valsalva maneuver
I Persistent venous reflux that ends before that Valsalva maneuver is 

completed
II Persistent venous reflux through the entire Valsalva maneuver
III Venous reflux is basally detected and does not change during Valsalva 

maneuver
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adolescents with clinical varicocele. According to these data, no influence on tes-
ticular symmetry, initial surgery, or re-operative surgery was observed [19].

Since the Prader orchidometer overestimates the true testicular volume, scrotal 
ultrasound should be requested, since a more precise estimation is important to 
decide for varicocele repair. Ultrasound testicular volume is usually calculated 
using the ellipsoid formula (length × width × thickness × 0.52) [20].

Elastosonography is a noninvasive technique which evaluates testis elasticity, 
already adopted in undescended pediatric testis or adult varicocele. It may play a 
prognostic role in the management of varicocele since a significant change in tes-
ticular elasticity has been found in patients with varicocele only in the case of vol-
ume asymmetry >20% [21]. However, this technique is not currently used in the 
clinical practice.

Sperm analysis is needed for a proper management of adolescent varicocele. It 
has to be requested at least 1.5 years after puberty onset [22]. Unfortunately this 
parameter is not frequently requested by pediatricians. Indeed, only the 13% of 
American pediatric urologists routinely request sperm analysis in adolescent 
patients with varicocele. Up to a half of them admit discomfort in requesting this 
exam and discussing semen collection with patients and parents [23]. This is worry-
ing considering the negative impact of varicocele on sperm parameters during ado-
lescence. In agreement, adolescent with varicocele may have lower sperm count 
[24] and sperm motility, vitality, and morphology compared to age-matched con-
trols [25], being the sperm motility even more affected as maximal blood flow 
velocity, basal blood flow velocity, and the pampiniform vein diameter increase 
[25]. Furthermore, varicocele has been shown to affect sperm concentration and 
total motile sperm count in Tanner V patients, especially in the case of testicular 
asymmetry [11].

Despite the lack of consensus, the hormone profile may be useful for the workup 
of adolescent varicocele. Increased follicle-stimulating hormone (FSH) and lutein-
izing hormone (LH) and lower inhibin B serum levels have been found in patients 
with varicocele [2, 26]. AMH and inhibin B may be particularly useful when puberty 
is not already started and sperm analysis cannot be performed, especially when 
gonadotropins and testosterone levels are still not suggesting of puberty start. 
Indeed, despite testes have been considered silent in childhood for a long time, they 

Table 7.3 Symptoms, signs, and ultrasound criteria suggestive for nutcracker phenomenon [18]

Description
Signs and symptoms Hematuria

Proteinuria
Varicose veins
Urinary frequency
Left-sided flank/lower abdominal pain

Ultrasound criteria Reduced aortic/superior mesenteric artery angle (normal values: 38–65°)
Left renal vein compression at the origin of aorta and superior 
mesenteric artery
Increase flow velocity at the left renal vein
Left-sided varicocele with a vein lumen diameter >3 mm
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secrete AMH and inhibin B in this phase. Particularly, serum AMH and inhibin B 
levels have been suggested as markers of testicular function in prepubertal age [13]. 
Accordingly, impaired AMH and inhibin B levels have been reported in prepubertal 
and pubertal boys with varicocele [27, 28].

7.4  Management

Since no clear consensus has been still reached, management of adolescent varico-
cele is partly controversial. Varicocele repair is not always needed due to the spon-
taneous catch-up growth and sperm recovery that have been observed in some cases. 
Therefore, conservative management (monitoring and follow-up) can be suggested 
in selected cases. The current challenge is to identify those markers which may reli-
ably predict which patient would benefit from varicocele repair.

Tanner V patients with no painful varicocele and normal testicular volume may 
be candidate to conservative management. A retrospective analysis of 216 patients 
with these features showed a decreased total motile sperm count (<20 million) in 
45% of cases at baseline. A half of these patients with poor sperm parameters had a 
spontaneous recovery, suggesting that poor sperm parameters persist in 22.5% of 
cases with no painful varicocele and normal testicular volume. No additional marker 
was used to further typify these patients [29].

Testicular asymmetry has been already addressed as a prognostic marker and 
may be used in the decisional flowchart. Since catch-up growth has been found to 
occur with no intervention in 85% of adolescents with a >15% testicular asymmetry 
[30], different testicular volume measurements at distinct follow-up times should be 
reasonably performed prior to decide for varicocele repair [30]. The latter could be 
suggested in case of failure of testicular growth.

Similarly, the PRF has been proposed as a predictor of persistent or worsening 
testicular asymmetry in adolescent varicocele. According to a recent study, adoles-
cents with testicular asymmetry ≥20% which persists even after 13.2 months of 
follow-up and PRF ≥38 cm/s should be considered for varicocelectomy. By con-
trast, those having a PRF <30 cm/s should be monitored [31]. A pilot study has 
combined testicular volume asymmetry with PRF values in the attempt to increase 
the accuracy of such markers. Persistent testicular asymmetry was associated with 
≥20% asymmetry and PRF >38 cm/s (the so-called 20/38 harbinger). Indeed, 94% 
of patients with the 20/38 harbinger did not have catch-up growth after a 15.5- 
month surveillance, thus suggesting that intervention may be required in these 
patients [32, 33]. When borderline asymmetry or PRF is present, intervention may 
be indicated in case of abnormality of sperm parameters [34].

To summarize, “at-risk” patients deserving consideration for intervention are 
those presenting the following signs and symptoms [15]:

 (a) Persistent abnormal semen parameters with no evidence of recovery at the 
follow-up

 (b) Pain
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 (c) Persistent altered testicular volume with asymmetry >15–20% and no evidence 
of catch-up growth at follow-up

 (d) PRF >38 cm/s
 (e) Failure of testicular development
 (f) 20/38 harbinger (which can be extended to 15% asymmetry)

In addition, decreased AMH levels in children with varicocele may need careful 
surveillance due to the likely occurrence of Sertoli cell dysfunction [13]. However, 
longitudinal studies are needed to confirm this hypothesis.

7.5  Treatment Options

Varicocele repair can be made by radiological or surgical intervention. Sixty-four 
consecutive young patients (age range 13–19 years) have been recently assessed for 
testicular volume and sperm outcome before and after percutaneous scleroemboli-
zation. Compared to the not treated control group, spermatozoa release per unit of 
testis volume improved significantly. Therefore, early scleroembolization may 
improve the sperm output in the adolescent phase of testicular growth [35]. Similarly, 
the efficacy of surgical intervention has clearly been demonstrated by meta-analytic 
data on 1475 patients. Indeed, the average proportion of catch-up growth following 
treatment was 76.4%, being the testicular volume asymmetry significantly reduced 
in the groups with ≥10% and ≥20% asymmetry. This highlights the advantages of 
surgical intervention when the discrepancy is ≥10% in adolescent varicocele [36].

The impact of varicocele repair on the paternity rate is controversial. A study on 
661 patients with varicocele (372, aged 15.3 years, treated with scleroembolization 
and 289, aged 17.1  years, conservatively followed) reported the achievement of 
paternity in 85% of those followed-up and in 78% of treated patients, indicating no 
effect of scleroembolization on the paternity rate later in life [37]. By contrast, 
microsurgical or surgical varicocele repair during adolescence increased both sperm 
parameters and the paternity rate (OR 3.63) compared to conservative option [38].

Meta-analytic data of the EAS/ESPU [39] and the ASRM [40] confirm the effi-
cacy of both radiological and surgical approaches, with no demonstration of superi-
ority of any technique. More in detail, the ASRM performed a meta-analysis aimed 
at understanding whether youth (15–24  years) varicocele may impact on sperm 
parameters and if its correction improves sperm outcome. Data collected from 357 
patients with varicocele and 427 controls showed a significantly decrease in sperm 
concentration, motility, and morphology. Studies in which varicocele repair was 
performed using the “Palomo” (open or laparoscopic) technique (n = 5), scleroem-
bolization (n  =  1), and inguinal or subinguinal intervention with magnification 
(n = 4) were included to analyze the second outcome. Overall, varicocele repair 
improved sperm concentration and motility. Each technique was effective in ame-
liorating the sperm outcome, despite scleroembolization was used in only one single 
study [10]. More recently, a meta-analysis on a total of 16,130 patients (7–21 years) 
developed by the EAS/ESPU societies included testicular volume into the 
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outcomes. Varicocele repair resulted in testicular volume (+1.52 mL) and sperm 
concentration (+25.54  million/mL) improvement compared to the observation 
group. Surgical and radiological interventions were analyzed, finding similar 
results. Lower frequency of hydrocele formation was observed in lymphatic versus 
non-lymphatic sparing surgery [39].

Finally, both radiological and surgical approaches may be suggested for varico-
cele repair. Alternative strategies (e.g., anastomosis of the proximal part of the sper-
matic vein with the inferior epigastric vein) have to be considered in NcP [40].

7.6  Established Guidelines

No guideline specifically focuses on the management and the treatment of adoles-
cent varicocele. Current knowledge comes from guidelines dealing with the man-
agement of male infertility [41]. The ASRM/SMRU/AUA practice committee [41] 
suggests varicocele evaluation using the Dubin and Amelar clinical classification 
and to perform Doppler ultrasound only in case it is inconclusive. Treatment is 
advisable when reduced testicular volume or sperm abnormalities are present, while 
it is contraindicated in subclinical varicocele. However, a proper testicular volume 
cutoff to suggest varicocele repair is not indicated, and no specific treatment is rec-
ommended. Follow-up is suggested at least annually.

The EAU guidelines on male infertility [42] similarly suggest to use the Dubin 
and Amelar clinical grading classification and scrotal ultrasound to confirm the 
clinical findings. However, indications for treatment of adolescent varicocele are 
not mentioned, and no clear benefit of varicocele repair is mentioned. Subinguinal 
microscopic approach is depicted to have lower recurrence rate and complications.

By contrast, the benefit of childhood and adolescent varicocele repair has been 
clearly shown by the recent EAS/ESPU and ASRM meta-analysis [39, 40].

7.7  Conclusions and Authors’ Recommendations

The evaluation of varicocele should be clinically performed using the Dubin and 
Amelar scale at first. Scrotal ultrasound with echo color Doppler should be requested 
to precisely estimate the testicular volume and asymmetry as well as PRF. Hormone 
assessment (including AMH and inhibin B in childhood and LH, FSH, and total 
testosterone in adolescence) should be performed for a more comprehensive evalu-
ation of the testicular function. Importantly, sperm analysis has to be requested at 
least 1.5 years after puberty onset. Doppler ultrasound of renal vessels should be 
requested in selected cases (Table 7.3).

The negative impact of childhood and adolescent varicocele on testicular growth 
and sperm output has been clearly shown. Spontaneous testicular catch-up growth 
can be observed in some cases. Some markers may be used to identify those patients 
who will likely benefit from varicocele repair. These mainly include testicular vol-
ume asymmetry and PRF.  Conservative management may be recommended in 
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patients with PRF <30 cm/s, testicular asymmetry <10%, and no evidence of sperm 
and hormonal abnormalities. In patients with 10–20% testicular volume asymmetry, 
30 < PRF ≤ 38 cm/s, and/or sperm abnormalities, careful follow-up is advisable. In 
case of absent catch-up growth or sperm recovery, varicocele repair could be sug-
gested. Finally, treatment can be indicated at the initial presentation in painful vari-
cocele, testicular volume asymmetry ≥20%, PRF >38 cm/s, infertility, failure of 
testicular development, and severe sperm abnormalities. Based on the current evi-
dence, both radiological and surgical intervention could be proposed. A practical 
flowchart of management of adolescent varicocele is proposed in Fig. 7.1.
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8.1  Anorchia

8.1.1  Etiology and Diagnosis

Anorchia can be defined as the absence of functional testicular tissue in a normally 
virilized boy with a normal karyotype. The incidence is approximately 1 in 20,000 
live births and in 1 in 177 cases of bilateral cryptorchidism [1]. The condition can 
be either congenital or acquired. The etiology of congenital anorchia is unclear, but 
genetic factors together with fetal growth restriction and/or low birth weight, as well 
as the intrauterine environment, have been suggested. Testicular tissue must have 
been present and functioning in utero up to at least the 16th week of gestation, 
whereafter gonads are lost (“vanishing or regressed testis syndrome”) after comple-
tion of the sexual differentiation until the neonatal period or in early childhood. This 
is consistent with the association with a blind-ending spermatic cord, as the pres-
ence of the spermatic cord structure supports the testis having been present during 
early intrauterine life [2]. In boys born with non-palpable testes, verification of 
intra-abdominal functional testicular tissue is important due to increased risk of 
germ cell cancer later in life. Anorchid patients on the other hand have no functional 
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testicular tissue, although atrophic testicular remnants consisting of fibrous tissue 
may persist. The reports of some familial cases suggest a genetic origin. In fact 
mutational analysis of NR5A1 in 24 individuals with bilateral anorchia and micro-
penis from the French Collaborative Anorchia study found one individual who had 
a NR5A1 mutation [3], whereas sequencing of target genes involved in gonadal 
development and testicular descent (SRY, NR5A1, INSL3, MAMLD1) in another 
study of 26 anorchid patients revealed no mutations [4]. This may suggest that other 
genes contribute to the phenotype.

8.1.2  Clinical and Biochemical Presentation

Male infants with anorchia typically present with absent testes but normal penile 
size. However, micropenis has been reported in 5–50% of cases [5].

In boys with non-palpable testes at birth, diagnostic evaluation includes karyotype 
and reproductive hormones and some forms of abdominal imaging (ultrasound or 
magnetic resonance imaging (MRI)). Frequently, a laparoscopy is performed as gold 
standard. Pilot studies have suggested that serum concentrations of anti- Müllerian 
hormone (AMH) [6], inhibin B, follicle-stimulating hormone (FSH), and luteinizing 
hormone (LH) may differentiate between boys with bilateral cryptorchidism and 
anorchia [4]. Moreover, a human chorionic gonadotropin (hCG) stimulation may 
signify the existence of functional testis tissue [7], whereas ultrasonography, CT, or 
MRI failed to detect the presence or absence of intra-abdominal testes [8]. Finally, 
exploratory laparoscopy may be considered, although this remains controversial.

8.2  Klinefelter Syndrome

8.2.1  Etiology and Diagnosis

Klinefelter syndrome (KS) is characterized by the presence of one extra X chromo-
some, 47,XXY in 80–90% of cases [9], and higher-grade aneuploidies (e.g., 
48,XXXY, 49,XXXXY) or mosaicism (47,XXY/46,XY) in the remaining [10, 11]. 
Males with mosaic KS often have few if any symptoms, whereas the presence of 
increasing numbers of extra X chromosomes is associated with an increasingly 
severe phenotype [12]. One in 660 newborn males carries an extra X chromosome 
[10, 13]. KS is the most frequent sex chromosome disorder in the male and the most 
frequent genetic cause of infertility found in 3% of infertile and 11% of azoosper-
mic men [14].

The classical description of the adult male with KS includes primary testicular 
failure with small hyalinized testes, hypergonadotropic hypogonadism, infertility, 
tall stature, eunuchoidism, and an increased risk for comorbidities (e.g., osteoporo-
sis, metabolic syndrome, and psychosocial problems). However, the phenotypic 
spectrum is very wide, and the main clinical features may not become evident until 
after the onset of puberty.
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KS may be diagnosed prenatally or in general during three main stages of life: 
(1) in childhood because of developmental delay, behavioral disturbances, or exces-
sive growth, (2) in peripuberty because of delayed or poor pubertal development, 
gynecomastia, or small testes or as in earlier stages of life due to behavioral or 
growth disturbances, or (3) in adulthood during diagnostic workup for infertility, or 
because of hypogonadism or gynecomastia. Except from small testes, no consistent 
clinical features or specific abnormalities irrespective of age have been identified, 
and a definitive diagnosis can only be made by genetic testing [15].

Because of the phenotypic variability and relatively nonspecific and subtle symp-
toms in childhood and most probably also because of lack of awareness among 
health professionals, KS is a highly underdiagnosed condition. Approximately 75% 
of males with KS remain undiagnosed [10]. In addition, in individuals who are 
diagnosed, less than 10% are diagnosed before puberty [10]. These statistics may be 
changing as some countries adopt routine genetic screening prenatally [16].

8.2.2  Genetics

KS is characterized by the presence of one or more extra X chromosomes. The extra 
X chromosome occurs as a consequence of either a paternal nondisjunction in the 
first meiotic division (approximately 50% of cases) or a maternal nondisjunction in 
the first or second meiotic division (approximately 50% of cases) or during a postzy-
gotic division [17].

The natural history of the Klinefelter phenotype and the reason for the variable 
phenotype are not completely elucidated despite extensive research during recent 
years. The possible influence of gene dosage, skewed X-inactivation, CAG repeat 
length in exon 1 of the androgen receptor (AR) gene, and parental origin of the 
supernumerary X chromosome has been investigated and seems related to at least 
some of the phenotypic characteristics of KS, although data are sparse and inconsis-
tent [18]. The CAG repeat length in AR may be related to at least some of the phe-
notypic characteristics of KS, although no clear relation has been identified [12, 
19–25]. In addition, no clear phenotypic differences have been identified in studies 
on the possible influences of parental origin of the X chromosome [19, 26, 27], 
although one group demonstrated a higher incidence of developmental problems in 
speech/language (88% versus 59%) and motor impairment (77% versus 46%) in 
paternally inherited cases [28]. Furthermore, the increased copy number of the 
SHOX gene has been shown to be associated with tall stature [29].

By the use of new technologies and more detailed analysis of the methylome and 
transcriptome in KS, more recent studies have identified genome-wide alterations 
and have pointed out new candidate genes including noncoding genes that may be 
involved in the KS phenotype and comorbidities associated with KS [30–35]. 
Single-cell sequencing of blood cells from one KS male showed changes in the 
transcriptome of both autosomes and the X chromosome [32], whereas epigenetic 
and transcriptional analyses of single germ cells showed a normal DNA methylation 
profile of selected germ cell-specific markers compared with spermatogonia and 
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sperm from men with normal spermatogenesis [36]. In the latter study, variations in 
DNA methylation of imprinted regions were found [36].

8.2.3  Clinical and Biochemical Presentation

8.2.3.1  Infancy
Infants with KS are phenotypically male with normal birth length, weight, and head 
circumference [37]. The prevalence of cryptorchidism [38] is increased, and small 
testis volume and reduced penile length have been reported [27, 37], whereas micro-
penis seems to be rare. Additionally, subtle dysmorphic signs such as fifth finger 
clinodactyly, high-arched palate, hypertelorism, and hypotonia may be observed 
[27, 37]. Other congenital anomalies, such as structural heart disease, renal anoma-
lies, cleft lip or palate, or clubfoot, are rarely reported in infants with KS.

Infants with KS present with a hormone surge that resembles but may differ from 
the so-called minipuberty [37, 39–42]. Most studies of the “minipuberty” in KS are 
challenged by poor testosterone assay metrics and low numbers of boys. However, 
one single study based on liquid chromatography/tandem mass spectrometry (LC/
MS) measurements reported testosterone (T) concentrations within the normal 
range albeit significantly lower than controls. Twenty percent of the boys aged 
2–180 days had T concentrations below the fifth percentile of the normal range, and 
only 5 of 38 infants aged 17–152 days presented with a T concentration above the 
median of the controls [40, 43]. Interestingly, insulin-like peptide-3 (INSL3) con-
centrations are within the normal range during “minipuberty” [40]. Despite a poten-
tial degree of Leydig cell impairment, LH concentrations are normal and correlate 
with T and INSL3 at this age [37, 39–42].

Although existing studies are quite small, infants with KS have normal inhibin B 
and AMH but elevated FSH indicating an impaired Sertoli cell function [39–42].

8.2.3.2  Prepubertal Boys
During childhood, growth tends to accelerate, and from the age of 5–6 years, boys 
with KS are significantly taller than controls and than expected for their genetic 
target. In addition, they may develop eunuchoid body proportions [27, 29, 44–47]. 
Importantly, these boys may have normal body proportions and may be of normal 
or low stature. Testicular volume and penile length are generally smaller than aver-
age [27, 48]. In one study, 17% of prepubertal boys met the criteria for micrope-
nis [48].

Hormone assessments in prepubertal boys with KS have similar challenges as 
mentioned above. In addition, the very low expected serum concentrations of 
gonadotropins and testosterone are often below the limit of detection for the assays 
during this developmental stage. Until recently, prepubertal T, INSL3, inhibin B, 
AMH, LH, and FSH concentrations have been perceived as normal [15, 42, 45, 
49–54]. However, newer studies have shed light on the fact that these boys may 
already be androgen deficient before puberty [27, 48]. Zeger et al. found T concen-
trations in the lower quartile of normal in 75% of the boys [27], and Davis et al. have 
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reported T concentrations measured by LC/MS below the lower limit of normal 
(≤3 ng/dL) in 49% of the prepubertal boys with KS [48]. Interestingly, despite low 
T, LH concentrations were normal [27] or significantly lower [48] as compared with 
healthy controls. FSH was increased in 20% of the boys, but no correlation was 
found between FSH and inhibin B or AMH, which tended to be low and high, 
respectively, in a subset of the patients [48] (Fig. 8.1).

8.2.3.3  Puberty
In general, boys with KS enter puberty at the expected age, with testicular enlarge-
ment and advancing genital development, although penile length may be reduced 
[15, 27, 49, 52, 55]. The increase in testicular volume peaks around mid-puberty, 
whereafter a decrease to prepubertal size may be observed [55–57].

Gynecomastia is a physiological phenomenon seen in 20–70% of otherwise 
healthy pubertal boys [58] and has been reported with an equal frequency (18–59%) 
in pubertal KS boys [27, 47, 48, 59, 60]. However, gynecomastia may be more 
likely to persist in KS, particularly if hypogonadism is present and untreated.
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Fig. 8.1 Serum hormone concentrations in 60 prepubertal boys with KS 4–9.5 years of age [48]. 
Luteinizing hormone (a) and total testosterone (c) were significantly lower in boys with KS, while 
follicle-stimulating hormone (b) was significantly higher. Individual values are in open circles 
with a solid regression line; gray-shaded areas are the laboratory-provided normal ranges for age
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Hypergonadotropic hypogonadism becomes evident in most boys with KS at the 
time of puberty. Initially, T and INSL3 concentrations increase in response to 
increasing concentrations of LH.  However, around mid-puberty, LH and FSH 
increase to very high concentrations followed by a levelling off in T and INSL3 that 
remain in the lower half of the normal range in the majority, whereas inhibin B 
declines to an undetectable level [27, 42, 49, 53, 54]. AMH declines in puberty, but 
the decline is postponed as compared with healthy boys, likely reflecting lower 
intratesticular testosterone concentrations [42, 53, 57] (Fig. 8.2).

8.2.3.4  Adulthood
According to the first description of patients with KS by Harry F. Klinefelter (1942), 
the adult patient with KS presents with tall stature, eunuchoid body proportions, 
gynecomastia, and small testes [61]. However, usually not all, but only some, of 
these characteristics are present. T concentrations are usually sufficient for normal 
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Fig. 8.2 Peripubertal hormone concentrations in 12 boys with KS in the months before and after 
gonadarche (testicular volume 4 mL). Gonadotropins (a) are already elevated at the time of gona-
darche and continue to rise. Testosterone (b) and inhibin B (c) are within the normal range but do 
not increase as robustly as expected after gonadarche. Anti-Müllerian hormone (d) is higher than 
expected prior to gonadarche, falling to very low concentrations by ~18 months after gonadarche. 
Data represent the mean and standard error of the mean, with laboratory-provided normal ranges 
for age within the gray-shaded area
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virilization, but some patients have signs of decreased virilization (e.g., lack of 
voice deepening, sparse face and body hair, lower muscle mass, reduced penile 
length) [62].

Adult males with KS present with hypergonadotropic hypogonadism with highly 
elevated LH and FSH and low to low-normal T. AMH and INSL3 concentrations are 
reduced as compared with healthy males, and inhibin B is typically unmeasurable 
[42, 54, 63].

8.2.4  Testicular Histology

The histology of the adult KS testes is well described and characterized by exten-
sive fibrosis and hyalinized tubules with patchy areas including Sertoli cell-only 
tubules, tubules with Sertoli cells and few spermatogonia, and in some cases foci 
with single tubules with preserved complete spermatogenesis. The presence of two 
types of Sertoli cell-only tubules (type A and B) with either differentiated Sertoli 
cells or immature sex-chromatin-positive Sertoli cells, respectively, is pathogno-
monic for the histology in KS in adulthood [64]. Additionally, massive Leydig cell 
hyperplasia and the presence of large Leydig cell nodules are characteristic [65–
67] (Fig. 8.3).

It has been the general perception that the testicular degeneration and depletion 
of the germ cells accelerate at the onset of puberty [57], whereas data from 
Klinefelter fetuses and prepubertal boys have been sparse and contradictory [68]. 
More recent studies have shown germ cell loss in KS fetuses as evidenced by an 
absent increase in MAGE-A4-positive cells [34], whereas Van Saen et al. found a 
high variation in the number of germ cells within samples but no difference in the 
number of MAGE-A4-positive cells in fetuses with KS as compared to controls 
[67]. In the latter study, the number of MAGE-A4-positive cells was reduced in pre- 
and peripubertal KS boys aged 4–16 years as compared to controls [67], and fibrosis 
was first observed in peripubertal boys.

8.2.5  Fertility

The majority of patients with KS have nonobstructive azoospermia and have 
historically been regarded as sterile, although motile spermatozoa may be found 
in the ejaculate in a small subset of patients [12, 62, 69, 70]. For more than two 
decades, however, fertility preservation has been possible using testicular sperm 
extraction (TESE) or micro-TESE (mTESE) combined with intracytoplasmic 
sperm injection (ICSI). The sperm retrieval rates are 43% and 45% using TESE 
and mTESE, respectively [71]. Birth rates are not reported in the majority of 
studies of TESE outcome, but a recent study found that only 10.1% of KS cou-
ples pursuing fertility preservation treatment had their biologically own 
child(ren) [72].
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No predictors of successful TESE/mTESE have been identified although some 
studies have shown higher sperm retrieval rates with younger age [73–83]. Based on 
histological studies suggesting an accelerated germ cell depletion at the onset of 
puberty, TESE/mTESE has been offered to prepubertal and adolescent KS boys for 
cryopreservation of spermatozoa and, in research protocols, spermatogonial stem 
cells or testicular tissue [67, 80, 84–87]. However, a recent meta-analysis failed to 
document an effect of age [71], and indeed, sperm retrieval rates seem to be lower 
in adolescents younger than 16 years [86].

Given that exogenous testosterone suppresses the hypothalamic-pituitary- 
gonadal axis, there is at least hypothetical concern that testosterone treatment may 
reduce sperm retrieval rates. History of testosterone treatment did not alter the suc-
cess of TESE in one study [80], whereas others have reported high success rates in 
14–22-year-old KS adolescents even with current treatment with topical testoster-
one and aromatase inhibitor [88]. However, in the meta-analysis by Corona et al., it 

a
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Fig. 8.3 Testicular histology in a 22-year-old patient with 47, XXY. (A) Heterogeneous adult pat-
tern showing large Leydig cell nodules, “ghost tubules,” type A and B Sertoli cells, and a microlith. 
(B) Microlith. (C) Incompletely differentiated type B Sertoli cells. (D) Differentiated type A 
Sertoli cells. The bar in A denotes 250 μm, the bar in B denotes 100 μm, and the same magnifica-
tion is used in C and D. All stained with periodic acid-Schiff
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was concluded that data on retrieval rates and effects of testosterone treatment were 
insufficient for conclusions [71].

A recent 24-question survey on current practices regarding fertility and androl-
ogy was submitted to members of the Society for the Study of Male Reproduction, 
the Pediatric Endocrine Society, and the Endocrine Society. Fertility preservation 
practices in adolescents with KS varied between the 232 experts who responded. All 
specialties encouraged sperm banking in late puberty but disagreed with the prac-
tice in early puberty [89].

8.2.6  Neurodevelopmental and Psychosocial Presentation

Boys with KS have a higher prevalence of hypotonia, which may contribute to 
motor delays. Language delays are also more common in boys with KS, and in 
prospective birth cohort studies, 75% of boys received speech therapy in early 
childhood [90]. Average cognitive abilities (IQ) are in the normal range but 5–10 
points lower than sibling controls, with relative strengths in nonverbal domains 
and weaknesses in verbal domains. Learning disabilities (particularly in reading) 
affect over half of boys with KS [91]. Executive function deficits and attention-
deficit disorder are also appreciated in KS and can manifest as behavioral diffi-
culties [92–94]. Social deficits can be present, and around 10% of boys meet 
criteria for autism spectrum disorder [95, 96]. Psychiatric conditions can also 
manifest in later childhood and adolescence, with anxiety and depression being 
the most common and often exacerbated by social, behavioral, or learning 
difficulties.

8.2.7  Gender Identity, Sexuality, and Sexual Function

Most men with KS experience normal sexual function [97, 98], have the same 
number of sexual partners and same intercourse frequency, but may have later 
sexual debut as compared with controls [99]. However, a recent study assessing 
sexual function using International Index of Erectile Function Questionnaires 
(IIEF-15) found significantly more erectile dysfunction (ED), decreased orgasmic 
function, and lower intercourse satisfaction, as well as delayed ejaculation in KS 
patients (n = 132) as compared with controls (n = 313) from the general popula-
tion (matched on age, zip code, and educational level) [99]. Lower sexual desire 
in KS may be associated with testosterone deficiency and was shown to improve 
after testosterone therapy [100]. In contrast, ED was associated with neurocogni-
tive, psychosexological, and relational problems, and no effect of testosterone 
therapy was observed [100].

Significantly more men with KS than controls have reported being homosexual 
(3.4% versus 0.4%) or bisexual (6.7% versus 1.1%) in one study [99], and gender 
dysphoria and hypersexuality have also been reported [101–104].
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8.2.8  Comorbidities

Sparse data report skeletal abnormalities (scoliosis, kyphosis, pes planus, elbow 
dysplasia, pectus excavatum, and pectus carinatum), high-arched palate, fifth fin-
ger clinodactyly, and joint laxity [27, 47]. In adult men with KS, bone mineral 
density is decreased, and there are a higher morbidity and mortality from hip and 
vertebral fractures; however bone mineral density in children with KS was reported 
as normal in one study [105]. Hand tremor may be observed during childhood, 
present in 4 out of 16 boys in one study [47], and can worsen with age, particularly 
in males with supernumerary sex chromosomes [106, 107]. Seizure disorders may 
be more common than the general population but affect a minority of males with 
KS [108].

Adult men with KS have a high prevalence of type 2 diabetes and cardiovascular 
disease, leading to a high morbidity and mortality [11, 109–113]. Type 2 diabetes 
affects approximately 20% of men with KS, and as many as 50% have metabolic 
syndrome. Precursors of this unhealthy metabolic profile may be appreciated at a 
young age. Boys with KS tend to have normal body mass index (BMI) but increased 
waist-to-hip ratio and body fat percentage suggestive of central adiposity [48, 53, 
105]. Prepubertal boys have also been shown to have dyslipidemia with high tri-
glycerides and low HDL cholesterol, characteristic of insulin resistance and poten-
tially a precursor to the metabolic dysfunction appreciated in men with KS [46, 48].

The risk of autoimmune diseases (lupus, rheumatoid arthritis, Sjögren syndrome, 
Addison’s disease, hypothyroidism, and type 1 diabetes mellitus) is higher in males 
with KS compared to males without KS [114, 115].

The overall malignancy risk is not higher in KS than the general population 
[116]; however certain types of cancers do seem to be more prevalent than in males 
without KS, including breast cancer and mediastinal germ cell tumors [117, 118]. 
While there are many case reports of hematological malignancies in KS, an epide-
miological study does not support an increased risk of leukemias or lympho-
mas [119].

8.3  Testosterone Treatment

8.3.1  Anorchia

Testosterone treatment of boys with anorchia to induce puberty is standard of care. 
Pubertal virilization in anorchid boys can be achieved by testosterone substitution 
using oral or transdermal routes of administration or by the use of intramuscular 
depot injections depending on availability and national practice [120]. In infants 
with anorchia and micropenis, early treatment may significantly stimulate penile 
growth [5].

Testosterone replacement therapy in nine anorchid boys virilized the external 
genitals and stimulated pubertal growth spurt [121, 122]. In these boys, the average 
testosterone-induced height gain during puberty amounted to 21.7 cm, which was 
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slightly lower than the expected height gain during puberty (25 cm) [122], suggest-
ing that protocols for androgen therapy during puberty may need to be optimized. A 
small retrospective study on men with anorchia who were treated with testosterone 
from adolescence reported normal bone mineral density but mild reductions in cor-
tical area and thickness, despite T treatment [123].

8.3.2  Klinefelter Syndrome

Only limited studies of the effect of testosterone treatment in KS exist, and most 
studies are retrospective in nature and not based on randomized trials with the inher-
ent risk of biasing the results. There are no evidence-based recommendations for 
when to start testosterone treatment in KS, but it is widely accepted to consider it as 
puberty starts and the concentration of LH increases above the normal range for 
pubertal stage. On average, LH rises above the normal range around 2 years after 
pubertal onset. Gynecomastia, eunuchoid body proportions, tall stature, and symp-
toms of hypogonadism may also support the need for initiating treatment. Multiple 
testosterone formulations are available. Dosing should be titrated to restore serum 
testosterone concentrations to the middle of the normal range for age and pubertal 
stage without exceeding the upper limit of the physiologic range. The goals of treat-
ment include developing secondary sexual characteristics, maximizing peak bone 
mass acquisition (and reducing bone loss), contributing to a more favorable body 
composition, and supporting psychosocial health. For patients in late adolescence or 
adulthood, fertility wishes should be discussed prior to initiating testosterone 
treatment.

Treatment with testosterone prior to puberty has been of interest within the KS 
community. A short course of testosterone treatment for infancy or children with 
micropenis has been accepted in the endocrine and urologic communities for many 
decades, and a minority of boys with KS will meet the criteria for micropenis. 
Retrospective reports by Samango-Sprouse et al. compared untreated KS boys with 
KS boys who received testosterone treatment (monthly injection of 25 mg testoster-
one enanthate for 3 months) because of diminished penis (but not micropenis) at an 
age ranging from 4 to 15 months. At ages 36 and 72 months, the treated boys had 
better outcomes in aspects of neuromotor, speech and language, intellectual, and 
reading function as compared with the untreated boys [124]. A randomized pilot 
study found that infants with KS who were not treated with testosterone had excess 
accumulation of adiposity that was significantly higher than typical boys by 
5 months of age; however the ten infants receiving a 3-month course of testosterone 
did not have this increase [125]. Additional prospective studies are needed to evalu-
ate the benefits and potential risks of testosterone treatment during infancy.

To date, only one double-blind, randomized, placebo-controlled study has been 
conducted in childhood. Ross et al. evaluated treatment with low-dose synthetic oral 
androgen (oxandrolone) in prepubertal boys aged 4–12 years, [126–128] with a goal 
to restore normal physiological androgen levels and evaluate effects on motor func-
tion/strength, cognition and psychosocial function, cardiometabolic health, and 

8 Congenital Causes of Hypergonadotropic Hypogonadism: Anorchia and…



138

onset of gonadarche/pubarche. The authors reported improvements in cardiometa-
bolic health with a significant reduction in body fat and triglycerides but also a 
reduction in high-density lipoprotein (HDL). Measures of anxiety and visual-motor 
integration improved compared with placebo, but no significant changes in cogni-
tion or motor function were observed. Unfortunately, the oxandrolone-treated boys 
had an unexpected increased risk of early gonadarche and pubarche, as well as 
advanced bone age, although no significant differences in testosterone and gonado-
tropin concentrations between treated and untreated boys were found. Samango- 
Sprouse et  al. also recently reported supplementary positive effects of the 
combination of early (before 5  years) treatment and treatment with testosterone 
booster between 5 and 10 years as compared with only early treatment. However, 
this was retrospective, and side effects were not discussed [129]. At this time, cau-
tion should be used if considering giving androgen treatment between the minipu-
berty period (~<6 months of age) and true puberty (~10 years of age), as physiologic 
levels of testosterone are quite low in typical boys at this age and chronic or high 
exposure may disrupt the normal hypothalamic-pituitary-gonadal axis and lead to 
premature puberty.

One double-blind, placebo-controlled study including 13 adult males with KS 
showed a positive effect of treatment with oral testosterone undecanoate on body 
composition (total body fat mass and abdominal fat mass) but no effect on glucose 
homeostasis or free fatty acids [130].

Clinical symptoms of hypogonadism (28%), rising gonadotropin levels (15%), 
and inadequate testosterone levels (15%) were the most commonly cited reasons for 
initiation of testosterone replacement therapy reported by 232 experts [89].

In conclusion, congenital hypergonadotropic hypogonadism may be diagnosed 
in infancy or childhood. While testosterone treatment is standard at the age of male 
puberty, treatment earlier in childhood is still a research issue. There are many unan-
swered questions such as when to treat, at what age to start treatment, and what dose 
and testosterone preparation to use. Ongoing research will begin to address these 
questions.
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Acquired Testicular Disorders

Giulia Izzo, Roberta Pujia, and Antonio Aversa

9.1  Testicular Trauma

The testes are normally protected from traumas by anatomical barriers. Despite 
their extracorporeal location, the testes are elastic and mobile in the scrotum, and 
they are equipped with the tunica albuginea, which is a resistant membrane. The 
cremasteric reflex is also a defense mechanism [1]. Therefore, testicular trauma is 
uncommon.

9.1.1  Epidemiology

According to retrospective studies, trauma accounts for 10% of acute scrotum cases.
Almost 91.0% of genitourinary traumas occur in patients aged between 18 and 64, 
with an average age of 26 years. Testicular trauma is less common in geriatric men.

9.1.2  Etiology and Pathophysiology

Testicular traumas may be classified into blunt or penetrating trauma according to 
the pathophysiological mechanism. Clinical approach is different in the two forms.
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Blunt injury is the most common form recurring in the 85% of testicular traumas. 
It is usually unilateral [2]: in fact, bilateral testicular involvement occurs only in 
1.5% of blunt traumas.

Aggression, road accidents, and contact sport are the main causes of blunt inju-
ries. Inguinal hernias and testicular atrophy can be predisposing factors. Blunt scro-
tal traumas may determine testicular rupture or fracture, hematoma, hematocele, 
testicular torsion, and spermatic cord lesion. Testicular rupture occurs in 50% of 
cases, and it is characterized by the rupture of tunica albuginea and the extrusion of 
scrotal contents [3]. Typically, it occurs as result of a direct blow to the scrotum that 
presses the testis against the symphysis pubis. Nevertheless, the tunica albuginea is 
intact in the testicular fracture, while the testicular parenchyma is broken. Testicular 
rupture can be also associated with hematocele, where the bleeding is confined 
between the tunica albuginea and the vaginalis, while in hematomas, the bleeding 
extends beyond the tunica vaginalis. Testicular dislocation occurs when the testis 
moves in the inguinal canal or in the abdominal cavity.

Penetrating traumas are less common than blunt traumas. They are more fre-
quently bilateral (up to 30% of cases), and they are associated with other injuries in 
70% of patients. The most common causes are gunshots and stab wounds.

Finally, cases of genital self-mutilation have also been reported in patients with 
psychiatric illnesses or drug and alcohol abuse [4].

9.1.3  Clinical Presentation

Testicular trauma usually causes pain, often associated with nausea and vomiting.
The affected testis can be tender and swollen, with abrasions, ecchymosis, and sub-
cutaneous hematoma. The ecchymosis may also be present in the surrounding 
regions. In penetrating lesions, the wound is visible with weapon entry point. Blood 
vessel injuries could compromise the blood supply. In these cases, it is possible to 
find signs of local or systemic infection.

9.1.4  Diagnosis

Medical history and physical examination are required for a correct diagnosis. The 
moment of pain beginning, the pain degree, the mechanism and the force of injury, 
previous diseases, and local problems (such as hernias) should be investigated. 
Physical examination should evaluate consistency, size and position of the involved 
testis compared to the contralateral side, as well the cremasteric reflex and the tunica 
albuginea integrity. Immediate intervention is mandatory if tunica albuginea rupture 
is suspected [5]. Sometimes the clinical examination of the scrotum in acute condi-
tions can be difficult and unreliable for different causes (e.g., uncooperative patient 
due to pain) [2]. Laboratory tests (e.g., complete blood count) may also be per-
formed. Scrotal ultrasonography (US) is the first-line choice in imaging diagnosis 
and follow-up of testicular trauma [6].
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Color Doppler (CD) ultrasound study is necessary for the evaluation of the perfu-
sion within the testes, and it is helpful for establishing vitality of affected testis [7]. 
US is also used to distinguish testicular rupture from others lesions such as hema-
toma or hematocele. Typically, in testicular rupture, the hyperechoic line of the 
tunica albuginea which normally delineates the testis is interrupted, parenchyma 
echotexture is heterogeneous, and blood flow is decreased on CD US. Conversely, 
the sonographic features of intratesticular hematoma and hematocele vary over time 
[1]: in the acute phase, they appear isoechoic, subsequently hypoechoic or anechoic. 
US has a sensitivity of 64% and a specificity of 75–98% for the diagnosis of testicu-
lar trauma [8]. However, US has some limitations in the diagnosis of testicular rup-
ture. In fact, extratesticular or intratesticular hematoma may cause false positive 
result; instead, a small interruption of the tunica albuginea may cause false negative. 
In doubtful US cases, magnetic resonance imaging (MRI) may be used [9]. However, 
MRI is a second-line imaging investigation because of its costs and time required 
for the examination. On T2-weighted images, the tunica albuginea appears as a dark 
signal line. In previous studies, MRI had an accuracy in the diagnosis of testicular 
rupture of 100% [9].

9.1.5  Management and Treatment

The treatment is variable according to the type of trauma. Both the American 
Urological Association (AUA) and European Association of Urology (EAU) guide-
lines advised early (within 72 h of trauma) scrotal surgical exploration when there 
is a suspicion of testicular rupture [10]. The testicular recovery probability is 
reduced in delayed surgery [9]. Surgical procedures are required to evacuating 
hematoma, debriding non-vital seminiferous tubules, and closing the tunica 
albuginea.

Although potentially vital testicular tissues should be saved to preserve endo-
crine function, orchidectomy is mandatory when the testis cannot be saved. In 
selected cases, a vascularized flap of the tunica vaginalis can be used to repair a 
tunica albuginea defect [11]. Extended hematocele and hematomas require a surgi-
cal exploration with clot evacuation to prevent ischemia, necrosis, testicular atro-
phy, or infections. Small (<5  cm) or non-expandable hematomas can be 
conservatively treated with ice, rest, and elevation of affected testis. Small hemato-
celes require the same treatment. Spermatic cord should be realigned to restore 
blood flow when disrupted. Subsequently, a microsurgical vaso-vasostomy may be 
performed if the testis remains vital. Testicular dislocation can be corrected with 
manual reduction and orchidopexy. Penetrating injuries require the same clinical 
management, and their treatment involves surgical exploration and subsequent 
debridement of necrotic tissue.

Treatment goals are hemostasis, infection prevention, pain resolution, and 
improvement of recovery times. The main goal is to preserve the patient’s fertility, 
which is the first function to be compromised. Testicular atrophy may occur during 
follow-up in relation to surgery and trauma. Moreover, orchiectomy or debridement 
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of nonviable tissues reduces scrotal content with spermatogenesis damage and 
impairment of hormone production. Therefore, plasma testosterone and antisperm 
antibodies (ASA) levels should be monitored, and ejaculation and cryopreservation 
of post-trauma sperm should be evaluated.

Finally, the protective role of sildenafil on the testis has been evaluated after 
scrotal trauma with encouraging results in rats [12].

9.2  Testicular Torsion

Testicular torsion is a condition caused by a sudden rotation of the spermatic cord 
around its longitudinal axis in the scrotum. The twisting determines the reduction/
interruption of the testicular blood flow to the affected testis and consequent isch-
emic damage [13]. Therefore, testicular torsion is a surgical emergency requiring 
prompt diagnosis and treatment because of its deleterious and sometimes irrevers-
ible complications.

9.2.1  Epidemiology

Testicular torsion may occur in any age, although it is less frequent in older males. 
The age distribution is bimodal with the first peak of incidence during the perinatal 
period and the second during puberty [14]. This condition affects the pediatric pop-
ulation worldwide. The annual incidence is 5 cases per 100,000 males aged 
<25 years and 3.8 per 100,000 males aged <18 years [15]. Testicular torsion is the 
etiology of 13–54% of acute scrotum in children and has a rate of orchiectomy of 
42% [16, 17].

9.2.2  Etiology and Pathophysiology

There are two types of testicular torsion: the spermatic cord may twist inside the 
tunica vaginalis (intravaginal torsion) or in association with the tunica vaginalis 
(extravaginal torsion). The latter is typical of the antenatal or early postnatal period 
(perinatal testicular torsion), when the whole testis in not tied up to the scrotal wall 
and the spermatic cord and the tunica vaginalis rotate inside the scrotal sac. The 
extravaginal torsion is mainly caused by the excessive mobility of the testis within 
the scrotum due to an immaturity of the testicular anchorage system. It is associated 
with a poor outcome about testicular vitality and also in case of prompt surgery.

The intravaginal torsion is responsible for the 90% of torsions occurring outside 
the perinatal period. The main risk factor is an anatomical condition known as bell 
clapper deformity, characterized by the lack of a normal anchorage of the testis and 
epididymis to the scrotum. In this context, the testis and the spermatic cord may 
freely rotate within the tunica vaginalis.
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Other putative risk factors include a quick testicular growth at puberty, testicular 
cancer, repeated traumas, sexual activity, and exposure to cold. These factors are 
responsible of the asymmetric contraction of the cremaster with consequent occur-
ring of torsion. Moreover, it has been described as genetic predisposition to testicu-
lar torsion [18]. About 10% of cases are associated with a positive family history, 
and the bell clapper deformity is bilateral in about 80% of cases. Evidences reported 
that testicular torsion tends to occur at the same age in different generations within 
a family [19].

Therefore, authors speculated a potential role of genetic mutations in the patho-
genesis of testicular torsion. In particular, insulin-like hormone 3 (INSL3) gene and 
its receptor (Relaxin Family Peptide Receptor 2, RXFP2) are essential in the first 
phase of testicular descent and seem to be involved in the torsion pathogenesis. In 
fact, INSL3 knockout mice are affected by gubernaculum testis dysgenesis, altered 
testicular descent, intra-abdominal bilateral cryptorchidism, and presence of mobile 
testes in the retroperitoneum with a consequent higher percentage of testicular tor-
sion development [20]. However, studies on DNA of males affected by testicular 
torsion didn’t identify significant mutations of these genes [20].

9.2.3  Clinical Presentation

Testicular torsion presents with a sudden onset of unilateral acute scrotal pain joined 
with nausea and vomiting. Fever and urinary frequency may sometimes be present. 
Even though the absence of scrotal pain can exclude acute testicular torsion, the 
specificity is poor (sensitivity 91%; specificity 27%) because pain is present in sev-
eral clinical conditions. Therefore, acute scrotum differential diagnosis should 
include epididymitis, orchitis, torsion of appendix testis, scrotal trauma, varicocele, 
malignant lesions, strangulated inguinal hernia, and hydrocele [21]. In few hours 
from the beginning of torsion, the scrotal sac presents different degrees of erythema 
and swelling. A pathognomonic sign of testicular torsion is the lift of the affected 
testis with respect to the contralateral, due to a shortening of the spermatic cord. 
Sometimes, the torsion may spontaneously solve and successively relapse, suggest-
ing a less acute onset and an intermittent form.

9.2.4  Diagnosis

Clinical history, signs, and symptoms should be carefully evaluated. Any patient 
presenting with abdominal pain associated with nausea and vomiting should 
undergo scrotal examination. A sudden onset of violent, unrestrainable, and unilat-
eral scrotal pain, the presence of nausea and vomiting, and changes of the testicular 
position are suggestive of testicular torsion. The clinical examination should include 
a thorough investigation of the abdominal, inguinal, and genital region. Clinical 
findings indicative of testicular torsion include testicular elevation, increased scrotal 
consistency, anterior palpation of the epididymis, lift of the testis toward the 
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external inguinal ring, testicular orientalization (Gouverneur sign), and the absence 
of cremasteric reflex [22]. Although the cremasteric reflex is often absent in acute 
torsion, its presence doesn’t rule out torsion [22]. Moreover, the absence of cremas-
teric reflex is more reliable when homolateral to pain (in the presence of contralat-
eral cremasteric reflex), and it is less reliable when bilateral.

The TWIST score may be helpful in the diagnosis of testicular torsion. It is a 
validated scoring system based on signs and symptoms usually observed in testicu-
lar torsion: testicular swelling (2 points), hard testicle (2 points), absent of cremas-
teric reflex (1 point), nausea/vomiting (1 point), and high-riding testis (1 point). The 
positive predictive value is 100% for scores >5, and the negative predictive value is 
100% for scores <2.

Testicular CD ultrasound is the imaging gold standard in diagnosing testicular 
torsion. However, when clinical history and physical examination are strongly sug-
gestive of testicular torsion, surgical exploration should immediately be performed 
[21]. US may reveal a transversally oriented testis, hyperemia, edema, reduction or 
absence of blood flow at Doppler, spermatic cord twist (whirlpool sign), and vascu-
lar congestion of the epididymis and the proximal spermatic cord (pseudotumor 
sign). Testicular echogenicity may be normal at the disease outset.

However, CD sonography has limitations such as the possibility of false nega-
tives in case of non-complete vascular obstruction [21]. In fact, the twist does not 
always determine immediate arterial flow obstruction. An initial venous obstruction 
may occur, followed by diffuse congestion leading finally to arterial interrupted 
flow. Moreover, sonographic parameters used to diagnose partial, complete, or 
intermittent forms are strongly variable and misleading.

Recently near-infrared spectroscopy (NIRS) has been investigated as a poten-
tially more reliable imaging diagnostic alternative. Animal studies reported encour-
aging results regarding the use of NIRS in diagnosis of acute torsion [23]. Human 
studies are still poor and based on a small sample.

9.2.5  Complications

Testicular atrophy is the most serious consequence of testicular torsion [21]. The 
testes are indeed very susceptible to ischemic damage because the blood flow is 
terminal into the scrotum. Furthermore, the tunica albuginea is not elastic, and this 
limits the compensatory expansion of the testicle during a trauma. Infertility remains 
one of the most significant sequelae of testicular torsion, whether the testis is 
removed or saved. The severity of infertility after testicular torsion depends on the 
extent of the ischemic region and the damage of contralateral testicle. In the monor-
chid patient or in the bilateral torsion, infertility is due to direct damage to sper-
matogenesis. In unilateral torsion with a healthy contralateral testicle, the reason of 
infertility is not entirely clear. The main hypotheses are ischemia/reperfusion injury 
and autoimmunity response mediated by ASA [24]. There is a correlation between 
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ASA and testicular torsion and an association between increased levels of ASA and 
duration of testicular ischemia.

9.2.6  Management and Treatment

When clinical history and physical examination are strongly suggestive of testicular 
torsion, an immediate surgical exploration followed by an eventual orchidopexy is 
strongly recommended. Manual detorsion may be utilized when surgery is not imme-
diately available. Manual detorsion should be performed in a clockwise direction 
since the testicular torsion usually occurs in an anticlockwise direction [21]. However, 
the torsion may occur in both directions. Following manual detorsion, a CD ultra-
sound examination should be performed to evaluate the restoration of blood flow. 
Surgical exploration and orchidopexy with permanent suture to fix the testis into the 
scrotum are treatment of choice [25]. Orchiectomy should be performed when the 
affected testicle appears necrotic or nonviable, in 39–71% of cases [26]. Age and 
delayed diagnosis are risk factors for orchiectomy since prepubertal males have a 
higher risk of orchiectomy than postpubertal. In fact, prepubertal patients more likely 
exhibit atypical symptoms resulting in a delayed diagnosis. The severity of testicular 
torsion depends on the duration of the injury and the degrees of rotation: a greater 
rotation causes a more rapid onset of ischemia and higher risk of atrophy and orchi-
ectomy [21]. The placement of the testicular prosthesis could be considered at the 
time of orchiectomy. However, the decision to implant the prosthesis in the pediatric 
population remains a controversial issue. Psychosexual benefits have not been stud-
ied, and the procedure has many complications such as implant extrusion and migra-
tion. A decompression of the tunica albuginea consisting of its incision combined 
with a tunica vaginalis flap may represent an alternative to the conventional surgical 
approach. The goal is to relieve the testicular compartment by high pressures [27], 
thus attenuating further vascular alterations [28]. This approach had encouraging 
results on the outcome of testicular vitality, but its long- term success is not known. 
The main goal of surgical intervention is to prevent irreversible damage to the testis 
and to preserve testicular vitality. Therefore, diagnostic and therapeutic timeliness is 
required. The rates of testicular recovery are indeed associated with the duration of 
ischemia. Testicular recovery rates can reach 90% if the torsion correction is obtained 
within 6 h, are reduced to 50% after 12 h, and are lower than 10% after 24 h [29].

9.3  Orchitis

Epididymitis and orchitis are inflammatory processes (with or without infection) 
involving the epididymis and the testis, respectively [30]. Sexually transmitted 
infections (STIs) are the main etiological agents in young people, while urinary 
tract infections (UTIs) are the most frequent cause in older men [31].
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9.3.1  Epidemiology and Classification

Epidemiologic data reported an incidence of 2.45 cases per 1000 men in the United 
Kingdom [32] and a bimodal distribution with the peak of incidence in men aged 
16–30 and 51–70 years [30]. Epididymitis is more frequent than orchitis. The last 
occurs when the epididymal inflammation spreads to the adjacent testicle, in about 
58% of men with epididymitis. Instead, isolated orchitis is a rare condition, gener-
ally associated with mumps infection in prepubertal boys [30]. According to the 
duration of the clinical course, epididymo-orchitis (EO) may be classified as acute 
(<6 weeks), subacute, and chronic (>6 months) [30, 31].

9.3.2  Etiology and Pathophysiology

EO is a frequent cause of intrascrotal inflammation related to the retrograde ascent 
of uropathogens through the genitourinary tract [30, 33]. Risk factors include uri-
nary tract infections (UTIs) or sexually transmitted infections (STIs), anatomic 
anomalies (bladder outlet obstruction), prostate/urinary tract surgery or medical 
procedures, vigorous physical activity, cycling, and prolonged sitting [34–36].

Epididymitis and orchitis may be due to infectious or noninfectious etiologies 
[31]. The etiology and the pathogens involved vary according to the patients’ 
age [30].

9.3.2.1  Infectious Epididymo-Orchitis
EO may be caused by ascending STI or non-sexually transmitted uropathogens 
spreading from the urinary tract (Table 9.1) [32]. In 14–35-year-old males, EO is 
commonly associated with STI by Neisseria gonorrhoeae/Chlamydia trachomatis 
[30, 32] or with enteric organisms infections related to anal sex intercourses [32]. In 
males younger than 14 and older than 35, UTIs induced by Escherichia coli may 
cause epididymitis. Obstructive urinary diseases, urinary tract surgery, or instru-
mentation are the main risk factors for these gram-negative enteric infections [32]. 
Moreover, scientific literature reported an increased incidence of UTIs and epididy-
mitis in uncircumcised children [37]. Infectious orchitis usually occurs as a conse-
quence of epididymitis and has the same etiology. A primary testicular inflammation 
may be due to blood dissemination of systemic infections caused by mumps, 
Coxsackievirus, Epstein-Barr virus, influenza, and HIV [30, 38]. Mumps orchitis is 
the most common condition, and it is the consequence of viral parotitis caused by 
Rubulavirus. Recently, an increase in mumps orchitis has been registered among 
pubertal and postpubertal males as a consequence of the reduction of vaccination. 
Boys aged 14–24 are more commonly involved by the infection, and the incidence 
of orchitis in males with postpubertal mumps is about 40% [39].

9.3.2.2  Noninfectious Epididymo-Orchitis
Noninfectious etiologies (Table  9.1) of epididymitis in pediatric and prepubertal 
males include urinary tract anomalies (e.g., posterior urethral valves or meatal 
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Table 9.1 Etiologies of epididymo-orchitis

Type Etiology
Infectious etiologies
STIs [30, 32] Neisseria gonorrhoeae

Chlamydia trachomatis
Escherichia coli (men practicing insertive anal intercourse)
Haemophilus influenza (less frequently)
Mycoplasma genitalium (rare and putative etiology)

Non-STIs [30, 32] Escherichia coli
Gram-negative enteric infections
Ureaplasma urealyticum (less frequent)
Proteus mirabilis (less frequent)
Klebsiella pneumoniae (less frequent)
Pseudomonas aeruginosa
Mycobacterium tuberculosis
Brucella (in endemic areas)
Candida [30, 32, 34]

HIV-associated EO [30, 
34]

Cytomegalovirus
Salmonella
Toxoplasmosis
Ureaplasma urealyticum
Corynebacterium
Mycoplasma
Mycobacteria
Fungi

Infectious primary 
orchitis [30, 38, 39]

Rubeola virus [39]
Coxsackievirus
Epstein-Barr virus
Influenza
HIV

Granulomatous orchitis
 [38, 42]

Tuberculosis, syphilis, lepromatous leprosy, brucellosis, and 
schistosomiasis (severe forms, rare in children)

Noninfectious etiologies
Genitourinary tract 
abnormalities

Posterior urethral valves [30, 34, 40]
Meatal stenosis
Anorectal malformations [41]
Communications between rectum and urethra [41]

Autoimmune diseases Primary autoimmune orchitis, caused by ASA direct to the 
basement membrane or the seminiferous tubules with no evidence 
of systemic disease [31]
Secondary autoimmune orchitis in the presence of systemic diseases 
such as rheumatic diseases or vasculitis [31]

Systemic diseases Sarcoidosis
Vasculitis (polyangiitis, polyarteritis nodosa, and Henoch- 
Schönlein purpura causing granulomatous orchitis) [42, 43]
Behcet’s syndrome [43]

Genitourinary surgery/
medical procedures

Vasectomy [30, 34, 40]
Instrumental procedures

Clinical conditions Trauma [30, 34, 40].
Torsion [30, 34, 40].
Tumors [30, 34, 40].
Cryptorchidism  [30, 34, 40]

Medicinal Amiodarone [44]

STI Sexually transmitted infections, EO Epididymo-orchitis, ASAs Antisperm antibodies
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stenosis determining reflux of urine into the ejaculatory ducts) and a postinfectious 
inflammatory reaction to pathogens like Mycoplasma pneumoniae, enteroviruses, 
and adenoviruses [30, 34, 40]. Moreover, EO may occur in about 20% of male with 
anorectal malformation and communication between rectum and urethra [41]. Other 
etiologies of EO are shown in Table 9.1.

9.3.3  Clinical Presentation

EO is usually characterized by pain and swelling (acute scrotum). The inflammation 
starts gradually and usually unilaterally in the posterior pole of the testis and spreads 
to the whole scrotum until radiating to the lower abdomen [30, 32]. The pain may 
reach the adjacent testicle and is often associated with fever, lower UTI symptoms 
(urgency, frequency, hematuria, dysuria), and penile irritation. Some patient may 
present mild testicular pain/swelling and light thickening of the peritesticular mem-
branes; moreover, testicular volume and consistency may be reduced [31]. However, 
in most cases, subacute or chronic orchitis is asymptomatic [31]. Other nonspecific 
symptoms and signs include nausea, vomiting, tachycardia, and discomfort while 
sitting [30]. Urethral discharge, hydrocele, erythema, and edema of the scrotum 
may also be present [32]. Atypically cases of EO may present with bilateral testicu-
lar swelling and epididymitis alone or without systemic symptoms [32]. Patients 
with genitourinary abnormalities show more profound epididymal swelling, pain, 
voiding disturbances, and recurrent episodes of EO.

Viral orchitis is characterized by a sudden onset of scrotal pain and swelling, pri-
marily unilateral although it may occur bilaterally in 15–30% of cases. In mumps 
infection, testicular swelling and pain occur from 10 days to 6 weeks after the onset 
of parotitis [30, 39, 45]. Orchitis is often preceded by aspecific disturbances. Testes 
are acutely warm and swollen, associated with tenderness and inflammation in the 
scrotum. Symptoms can progress for about 3 days but tend to resolve within 2 weeks. 
However, testicular tenderness can persist for several weeks in 20% of cases [39].

Primary AO is usually asymptomatic and associated with infertility, whereas sec-
ondary AO is rare and associated with acute orchitis and/or testicular vasculitis in 
the presence of other autoimmune or systemic diseases [31].

Medications such as amiodarone may cause bilateral testicular involvement 
without fever or leukocytosis [44], and inflammatory symptoms usually disappear 
with the treatment withdrawal [32].

9.3.4  Diagnosis

9.3.4.1  History and Physical Examination
An accurate anamnesis is helpful in assessing the inflammation etiology. Physical 
examination reveals tenderness and swelling of the epididymis/testis and a pain 
reduction at the scrotal elevation (Prehn’s sign) [34]. Hydrocele may be found in the 
later stages of EO [30]. Moreover, a tender spermatic cord may be suggestive of 
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epididymitis [34]. Genitalia examination should detect anatomical anomalies such 
as meatal stenosis, hypospadias, or phimosis [37]. The inguinal area should be also 
analyzed for hernia or for swollen/tender lymph nodes suggestive of epididymitis 
and orchitis [30]. Eventual prostatitis causing orchitis should be excluded. EO 
should be differentiated (Table 9.2) from testicular torsion [30].

Table 9.2 Differential diagnosis of acute scrotum [30, 32]

Epididymitis Clinical presentation:
– Gradual onset of pain radiating to the lower abdomen.
– Lower urinary tract infection symptoms (LUTS)
– Recurrent pain is unusual
Clinical findings:
– Localized epididymal tenderness progressing to testicular 
swelling and tenderness
– Normal cremasteric reflex (elicited by stroking the skin of the 
upper medial thigh)
– Positive Prehn’s sign
– Normal testicular localization
Ultrasound findings:
– Enlarged, thickened epididymis
– Increased flow on color Doppler

Orchitis Clinical presentation:
– Sudden onset of testicular pain
– Sometimes urological symptoms
Clinical findings:
– Testicular swelling and tenderness
– Normal cremasteric reflex
– Normal testicular localization
Ultrasound findings:
– Testicular masses or swollen testes
– Hypoechoic and hypervascular areas (“inferno sign”)

Testicular torsion Clinical presentation:
– Acute and sudden onset of violent pain
– Nausea/vomiting without fever or urological symptoms
– Recurrent pain (intermittent torsion)
– Frequent in perinatal period or in the adolescent period
Clinical findings:
– Transversely oriented testis
– Abnormal cremasteric reflex
– Pain with testicular elevation
– Reactive hydrocele (common)
Ultrasound findings:
– Anatomically normal testis
– Reduced flow on color Doppler

Torsion of the appendix 
testis

Clinical presentation:
– Recurrent pain is unusual
– Frequent in 7–14-year-old boys
Clinical findings:
– Bluish area in the appendix testis (bluish dot sign)
–  Normal cremasteric reflex (elicited by stroking the skin of the 

upper medial thigh)
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9.3.4.2  Diagnostic Testing
Urethral swab, urine analysis, and urine culture should be performed [32, 46]. Urine 
dipstick is useful only as an adjunct to mid-stream urine (MSU) [32, 46], but a nega-
tive dipstick test in men should not exclude the diagnosis of UTI [32, 47, 48]. The 
presence of nitrite and leukocyte esterase suggests UTI in men with urinary symp-
toms [32, 47, 48], and it helps to differentiate epididymis from testicular torsion 
[30]. Laboratory investigations should include urethral swab for Neisseria gonor-
rhoeae; polymerase chain reaction (PCR) assays for Neisseria gonorrhoeae, 
Chlamydia trachomatis, or Mycoplasma genitalium on urethral swab or urine speci-
men; and MSU for microscopy and culture [32].

C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) increase in 
epididymitis and are useful in the differential diagnosis of scrotum [32] with a sen-
sitivity and a specificity for epididymitis of 96.2 and 94.2%, respectively [30].

In suspicions of mumps, the virus can be isolated from the saliva, urine, blood, 
nasopharyngeal swab, and seminal fluid in the first week of symptom onset. In 
mumps orchitis, white blood cell count and differential counts are usually normal; 
leukocytosis or leucopenia may occur, and CRP is usually raised over 140 mg/L. Urine 
analysis, urethral cultures, and MSU are generally negative [39].

In primary AO, ASAs are found in serum/seminal plasma or on sperm surface, 
even in association with normal seminal parameters [31], while in secondary AO, 
specific systemic autoimmune diseases are detected [31].

CD US may be helpful in the diagnosis [32]. Although US grayscale signs such 
as hypoechogenicity and enlarged testis are not specific in the differential diagnosis 
[49] (Table 9.2), an increased blood flow (“inferno sign”) is suggestive of EO. In 
children, CD examination has a sensitivity of 70% and a specificity of 88% for epi-
didymitis [30]. Moreover, CD US may be helpful in detecting testicular inflamma-
tion in mumps orchitis [39, 50].

Finally, further investigations such as renal/bladder US and cystourethrography 
are recommended in children younger than 5 years presenting epididymitis, while 
detailed voiding symptom questioning, uroflowmetry, US, and post-void residual 
urine test are recommended in boys older than 10 years presenting acute and recur-
rent epididymitis [37].

9.3.5  Complications

EO complications include hydrocele, testicular abscess and infarction, sepsis, 
extension of the infection, and infertility. These complications tend to be more 
frequent in EO induced by uropathogens [32] and are more likely associated with 
therapeutic failure. Risk factors suggesting a lack of response to antibiotics include 
sepsis, marked scrotal edema, deep testicular pain, and scrotal wall inflamma-
tion [51].

Testicular insult may result in reactive hydrocele, which may exert tension effect 
rarely reducing testicular perfusion. Rare complications include testicular infarction 
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[51] and testicular abscess formation [52, 53]; the latter condition is common in 
immunocompromised patients.

The inflammatory damage in EO may be associated with male infertility. 
Mumps orchitis has been supposed to be associated with transient anomalies of 
the HPT axis and with congestion, perivascular infiltration of lymphocytes, 
hyalinization, and necrosis in the seminiferous tubules which may lead to tes-
ticular fibrosis and atrophy. Infertility is less frequent and associated with 
severe cases of bilateral orchitis with atrophy; instead, subfertility occurs in 
about 22% of patients and shows no association with testicular atrophy [39]. 
There is a direct correlation between the severity of the orchitis and the seminal 
anomalies.

Finally, chronic inflammation and atrophy are associated with an increased risk 
to develop testicular cancer.

9.3.6  Management and Treatment

In case of suspected STI, the patient and his partner should be adequately informed, 
and sexual abstinence should be advised until the end of the medical treatment and 
the inflammation symptom resolution [32].

Empiric treatment should be started based on likely pathogens, according to the 
clinical history and findings. Medical treatment should cure the infection, amelio-
rate symptoms, prevent transmission, and reduce complications.

In <2-year-old children, the etiology of EO is various, and the antibiotic therapy 
is required for likely underlying enteric organisms. In children ages 2–14  years 
without systemic signs such as fever, antibiotic should be used only in case of posi-
tive urine analysis or culture, whereas in patients older than 14 years, empiric anti-
biotics are recommended [34]. To prevent complications, we recommend to begin 
treatment before laboratory tests are available and base therapy choice on the risk of 
chlamydia, gonorrhea, or enteric organisms (Table 9.3) [34].

Ofloxacin is a good treatment in N. gonorrhoeae, C. trachomatis, and most 
pathogenic infections according to its power to penetrate into the prostate. However, 
this is not the first-line treatment because of the increasing bacterial resistance to 
quinolones [32, 54]. In gonorrhea infection, azithromycin should be added to ceftri-
axone and doxycycline therapy [32, 54].

Supportive treatments include analgesics, anti-inflammatories, bed rest, hot or 
cold packs, and scrotal elevation [30, 34]. Two-week course of nonsteroidal anti- 
inflammatory drugs associated with scrotal icing and elevation is the initial treat-
ments. Pain and inflammation often decrease within 2–3  days of therapy, but a 
residual pain can persist for several weeks [34]. In persisting pain, tricyclic antide-
pressant or neuroleptic (gabapentin) may be useful [34].

Patients with intractable pain, vomiting, suspicions of abscesses, failure of other 
therapies, and suspicions of sepsis should be recovered [30] and treated with intra-
venous antibiotics [34].
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9.3.7  Follow-Up

Independently from the etiology, the treatment of EO requires a close follow-up. In 
case of no clinical improvement after 3 days of treatment, the patient should be re- 
evaluated, and the diagnosis should be reassessed.

For gonococcal EO, a culture should be repeated 3 days after the treatment with-
drawal, and the patient should be re-evaluated at 2 weeks to assess the treatment com-
pliance and the clinical course. Moreover, nucleic acid amplification test should be 
performed 2 weeks after the completion of treatment. At 4 weeks from treatment drop-
out, a test of cure is required in EO secondary to C. trachomatis or M. genitalium [32].

In patients suspected/diagnosed for sexually transmitted EO, the screening for all 
other STIs should be performed, and the partner should be informed and treated.

Scrotal US should be ordered in patient not responding to therapy or in diagnos-
tic doubt.

Finally, hygienic improvement and the use of condom should be advised to 
reduce the risk of infection.

9.4  Testicular Iatrogenic Damage

Medical regimens and procedures may sometimes cause testicular toxicity leading 
to gonadal failure or infertility in many patients.

Table 9.3 Treatment of EO

Sexually transmitted EO [32]
First-line therapy
– Ceftriaxone 500 mg intramuscular injection twice a day for 10–14 days or doxycycline 
100 mg twice a day for 10–14 days.
Second-line choice
– Ofloxacin 200 mg twice a day for 14 days or levofloxacin 500 mg once a day for 10 days
When gonorrhea infection is improbable and there are no risk factors or signs of this infection, 
the use of ofloxacin and the drop of ceftriaxone should be considered.
Mycoplasma genitalium-induced EO [32]
– Moxifloxacin 400 mg once a day for 14 days
Gonorrhea infection [32]
– Azithromycin in association with ceftriaxone and/or doxycycline
Enteric organism-related EO [32]
– Ofloxacin 200 mg twice daily for 14 days or levofloxacin 500 mg once a day for 10 days
Viral orchitis [30, 34, 39]
– Supporting treatment (analgesics, rest, scrotal support, hot (cold pack))
– Antibiotics only in associated bacterial infection
– Spermatic cord block with 5 mL of 1% procaine, high-dose steroids, or oxyphenbutazone 
for analgesic and anti-inflammatory purposes
Autoimmune orchitis [31]
– Supportive treatment (analgesics, bed rest, scrotal elevation)
– Rarely nerve block
– Steroids, immunosuppressive agents, and intravenous immunoglobulin in secondary AO

EO Epididymo-orchitis, AO autoimmune orchitis
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Cancer therapies are the most frequent etiology of iatrogenic testicular damage. 
However, testicular failure may be induced also by common treatments for nonma-
lignant diseases. For example, drepanocytosis, thalassemia, idiopathic medullary 
aplasia, and granulomatous disease may negatively affect testicular function because 
they require radiotherapy (RT) to deplete the blood stem cell line before the hema-
topoietic stem cell transplantation (SCT) and hydroxyurea regimens. Moreover, any 
condition requiring bone marrow transplant is associated with high infertility risk in 
prepubertal males. Finally, severe autoimmune diseases such as juvenile systemic 
lupus or systemic sclerosis are treated with high-dose chemotherapy (CT) which 
may hamper spermatogenesis [55].

Several evidences reported that CT and RT involve the pelvis, testes, head, spine, 
or total body and may determine possible deleterious effects on puberty and eventu-
ally fertility [56] by affecting the tubular and the interstitial components of the tes-
tis. The consequent alterations on fertility and sexual function may compromise the 
quality of life in cancer survivors [57].

The incidence of iatrogenic gonadal dysfunction is likely very high considering 
that the survival rate for children, adolescents, and adults with cancer has improved 
in the last years both in Europe and in the USA [57]. In fact, children developing 
cancer before the age of 15 have a long-term survival in 70–80% of cases [56, 58], 
and 43% of survivors have late-onset endocrine dysfunctions involving thyroid 
(22%), sexuality/fertility (22%), and metabolism (6%) [58, 59]. Furthermore, 30% 
of male childhood cancer survivors become azoospermic adults [55].

The children’s age at the moment of treatment, as well as the nature, duration, 
dose, and combination of treatments, and the individual sensibility may influence 
the testicular iatrogenic damage [56, 60]. Cancer, CT, and RT may affect the 
hypothalamic- pituitary-testicular (HPT) axis and the target organs, thus hampering 
future fertility [58, 61]. Gonadal damage is an acute phenomenon occurring as early 
as 72 days after the last dose of CT [57]. High-dose therapy determines a syndrome 
ranging from mild to severe gonadal dysfunction/insufficiency with different pos-
sibilities of recovery. Patients with severe gonadal damage present a more severe 
and permanent gonadal failure in most cases [57]. Moreover, the gonadal damage 
has a delayed manifestation in people receiving SCT [57]. The risk of infertility 
after cancer treatment in children and pubertal boys is related to the tumor pathol-
ogy (Table 9.4) [56, 62].

9.4.1  CT-Associated Testicular Damage

Different risk degrees of gonadal dysfunction or toxicity derived from the various 
cytotoxic medications (Table 9.5) with nitrogen derivatives, alkylating drugs, and cis-
platin may determine the most destructive effect on germ cell proliferation [55, 56].

Spermatogenesis may be altered by DNA alkylating agents such as cisplatin, 
cyclophosphamide, mechlorethamine, ifosfamide, procarbazine, busulfan, melpha-
lan, and nitrosoureas BCNU (carmustine) and CCNU (lomustine) that cross-link 
DNA [58].
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The cumulative dose of chemotherapeutic drug defines the duration and the 
width of spermatogenesis impairment. Prolonged azoospermia is associated with 
the total cumulative dose of cyclophosphamide (single agent >19 ng/m2; combined 
with other drugs >7.5 g/m2), procarbazine (>4 g/m2), melphalan (>140 mg/m2), cis-
platin (>500 mg/m2), busulfan (> 600 mg/m2), and chlorambucil (>1.4 g/m2) [58]. 
Moreover, adriamycin, vinblastine, or cytosine arabinoside have additive effects 
with the above agents in determining prolonged azoospermia, but when not com-
bined, they cause only temporary reduction in the spermatic count [58].

In boys, spermatogonia are more sensitive than Leydig and Sertoli cells to the 
CT-induced damage because of their elevated mitotic index. Therefore, posttreat-
ment azoospermia ranges from 17% to 82% on the base of the drug used [56]. If 
spermatogonia are not damaged by CT, spermatogenesis recovers within 12 weeks 
after the treatment withdrawal [58, 63, 64]. On contrary, factors causing stem cell 
death may induce azoospermia that lasts more than 12 weeks [58, 65].

Table 9.4 Risk of fertility damage after cancer treatment in children and adolescents according to 
the tumor pathology [56, 62]

Risk degree Tumor pathology
Low risk Acute lymphoblastic leukemia

Nephroblastoma
Soft tissue sarcoma (stage I)
Malignant germinal tumor (not treated with radiotherapy)
Retinoblastoma
Cerebral tumor (treated with surgery or with cranial irradiation <24 Gy)

Intermediate risk Acute myeloblastic leukemia
Hepatoblastoma
Osteosarcoma
Nonmetastatic Ewing’s sarcoma
Soft tissue sarcoma (stage II/III)
Neuroblastoma
Non-Hodgkin’s lymphoma
Cerebral tumors (treated with cranial irradiation >24 Gy)

Elevated risk Total body radiation
Pelvic or testicular radiotherapy
Chemotherapy before bone marrow transplant
Hodgkin’s lymphoma treated with alkylating agents
Soft tissue sarcoma (stage IV)
Metastatic Ewing’s sarcoma

Table 9.5 Risk of gonadotoxicity related to cytotoxic medications [56, 62]

Risk degree Cytotoxic medication
Low risk Vincristine, methotrexate, dactinomycin, bleomycin, mercaptopurine, 

vinblastine
Intermediate 
risk

Cisplatin, carboplatin, doxorubicin

High risk Cyclophosphamide, ifosfamide, chlormethine, busulfan, melphalan, 
procarbazine, chlorambucil
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It is not known if the prepubertal testis is less sensitive than postpubertal one. 
Evidences reported that only males <4 years of age at diagnosis were more likely 
able to achieve fecundation later in life than males 15–20 years old at the diagnosis 
[58, 66]. Although complete spermatogenesis is not achieved in the prepubertal tes-
tis, evidences reported that cytotoxic treatment in prepubertal boys influences their 
later fertility [58, 67]. Hence, a prepubertal age at diagnosis is not protective against 
gonadotoxicity of alkylating agents [58, 68].

9.4.2  SCT-Related Testicular Damage

In boys receiving SCT, pretransplant regimens may reduce testicular reserve even 
preceding the transplantation. Pretransplant protocols include alkylating agents, 
irradiation, or both and may cause germ cell or Leydig cell damage, generally with 
cumulative dose-dependent effect. Older age, local RT, or total body irradiation 
(TBI) allografts may complicate the gonadal insult. SCT- induced gonadal damage 
is more frequent in postpubertal adults who received pretransplant therapies or TBI 
allografts [57].

The clinical picture is variable. The high-risk group shows severe gonadal dam-
age with very small possibility of recovery as opposed to subjects treated with CT 
who show minor injury with greater possibility of reversibility [57].

9.4.3  RT-Associated Testicular Damage

RT treatment may determine harmful effects on exocrine and endocrine gonadal 
function [56, 62]. In fact, radiations impact on the testicular germ cells in a dose- 
dependent manner, and spermatogonia are more sensitive than adult spermatozoa 
(Table 9.6) [58].

Leydig cells are more resistant than spermatogenic cells to RT; however they are 
sensitive to doses of 20 Gy in prepubertal children and 30 Gy in adolescents [56, 69].

Radiations may also hamper the gonadotropin secretion altering the HPT axis. 
This effect depends on the irradiation dose and on the target tumor location [58]. 
Conventional fractioned cranial irradiation (30–50  Gy) determines deficiency of 
gonadotropins in about 60% of pituitary tumor survivors after 10 years and in >20% 
of patients with non-pituitary brain tumors [58, 61]. The gonadotropin deficit may 

Table 9.6 RT dose-related testicular germ cell damage [58]

Dose Effect
0.15 Gy Oligozoospermia
0.30 Gy Temporary azoospermia
>1 Gy Reduced number of spermatogonia and preleptotene spermatocytes
>2–3- Gy Spermatocyte death
>4–6 Gy Spermatid damage and oligozoospermia
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be from subclinical to severe [58]. Clinically significant gonadotropin deficiency is 
usually a late complication with an incidence of 20–50% on long-term follow-up, 
regardless of the male age at the radiation [58].

9.4.4  Endocrine Evaluation in Cancer Survivors

Cancer survivors should be evaluated for reproductive function since the pubertal 
development. Survivors exposed to higher cumulative doses or combination of 
alkylating agents or radiation >20 Gy to the testes and pelvis and >30 Gy to the 
cranium before puberty should be evaluated from pubertal development until sexual 
maturity [58]. Tanner staging, testicular volume, as well gonadotropins, testoster-
one, and inhibin B should be analyzed. A reduced germinal cell mass is associated 
with small and soft testes; moreover, azoospermic and oligoasthenozoospermic can-
cer survivors usually have reduced mean testicular volume and high basal FSH lev-
els. Serum inhibin B is a marker of germ function; however, inhibin B alone or 
associated with FSH does not reflect normal spermatogenesis in patients treated for 
cancer in childhood [58].

Sperm cryopreservation may be a successful method for fertility preservation in 
postpubertal males, whereas in prepubertal children, fertility preservation is more 
difficult because their spermarche has not yet started. Experimental techniques are 
based on the cryopreservation of testicular tissue containing SSCs or on the harvest 
of SSCs from preserved testicular tissue for in vitro maturation and testicular tissue 
grafting. Moreover, microsurgical epididymal sperm aspiration, testicular sperm 
extraction, and microscopic testicular sperm extraction (mTESE) have been applied 
to achieve ICSI [58]. In these cases, the sperm retrieval has been about 37% and the 
fertilization rate 57.1% [58].

9.4.5  Other Causes of Iatrogenic Testicular Damage

Many environmental endocrine disrupters, food additive, and drugs (etomidate, tro-
glitazone, medroxyprogesterone acetate, and ketoconazole) inhibit testicular 
3ß-hydroxysteroid dehydrogenase (HSD3B) interfering with the androgen synthe-
sis [70].

Evidences reported that ketoconazole and theophylline may negatively impact 
on male gonads during fetal life suppressing testosterone synthesis and androgen 
action with consequent cryptorchidism or other genitourinary malformations [71].

Moreover, metronidazole at the dose of 500 mg/kg BW/day for 28 days impairs 
spermatogenic activity, sperm mobility, and fertility in male rats [72].

Evidences reported that substance and drug abuse (alcohol, opioid, anabolic- 
androgenic steroids) may decrease testosterone production interfering with testicu-
lar and HPT axis function (Table  9.7). Moreover, nicotine, cannabis, and 
amphetamines may damage testes inducing oxidative stress and testicular cell apop-
tosis with possible deleterious effects on spermatogenesis (Table 9.7). In all these 
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Table 9.7 Substance abuse and consequent effects on testosterone and spermatogenesis [73]

Substance Endocrine effects
Cannabis Significant LH reduction in acute administration

LH and T suppression by CB1 receptor agonist ANA
Reduced expression of LH receptor on the testis
Reduced activity of testicular HSD3B

Cocaine Induced panhypopituitarism
Pituitary infarction by intranasal cocaine abuse
Production of HNE-ANCA

Amphetamine, 
methamphetamine, MDMA 
(ecstasy)

Inhibition of testosterone production by the adenylate cyclase 
activation
Decreases HSD3B, P450c17, and 17-KR activity
Attenuated Ca2+ influx through L-type Ca2+ channel
Increases testicular GABA concentration in methamphetamine- 
treated rats (compensatory responses)
Lower expression of GnRH mRNA in adult male Sprague- 
Dawley rats following acute or chronic MDMA administration

Opioids OPIAD (reduction of testosterone, libido, and muscle mass, 
fatigue, and osteopenia)
Inhibition of the hypothalamic GnRH secretion, disrupting its 
normal pulsatility and leading to decreased LH levels
Increased prolactin levels in both human and animal models 
following acute administration of opioids

Anabolic androgenic 
steroids

Suppression of gonadotropin release from the pituitary gland by a 
negative feedback mechanism, exerted on both pituitary gland 
and hypothalamic GnRH-releasing cells
Permanent depletion of Leydig cells in animal studies

Substance Effects on fertility
Cannabis Inhibition of acrosome reaction and sperm capacitation

Induction of programmed cell death in Sertoli cells
Cocaine Ischemic effect

Enhanced norepinephrine and epinephrine release with intense 
vasoconstriction
Reperfusion injury

Amphetamine, 
methamphetamine, MDMA 
(ecstasy)

Methamphetamine administration decreases significantly cell 
proliferation and increases apoptosis in both rats’ spermatogonia 
and primary spermatocytes, altering proliferation/apoptosis ratio
Hydroxyl radical formation
Significant decrease in GSH/GSSG ratio
Methamphetamine seems also to reduce in male rats the 
expression of progesterone and estrogen receptors
MDMA-induced hyperthermia could activate apoptosis in rat 
testicular tissue

Opioids Effects on μ-, δ-, and κ-opioid receptors, located in the head, in 
the middle region, and in the tail of the human spermatozoa
Lower antioxidant activity and higher sperm DNA fragmentation 
index
Histological degenerative changes in the seminiferous tubules, in 
Sertoli cells, and in Leydig cells (tramadol)
Increased caspase-3 and decreased anti-apoptotic protein Bcl-2 
expression in rats chronically treated with tramadol

(continued)
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circumstances, the testicular failure may be reversible at the substance with-
drawal [73].

9.5  Conclusions

The correct identification of testicular disease in children and adolescent is an 
important tool for clinicians to prevent reproductive problems in adulthood. 
Appropriate lifestyle and referral to the andrologist should be recommended at early 
age and during transitional age to ensure prevention of frequent pathologies (pri-
mary andrologic prevention). In adulthood, sign and symptoms are more easily rec-
ognized by the patient, and prompt treatment is recommended to prevent fertility 
problems and sexual dysfunctions associated with reduced testosterone production. 
Cryopreservation should be recommended in cases of testicular neoplasms prior to 
chemo- or radiotherapy and in some selected cases of idiopathic infertility, in young 
adults when fertility declines over time in the absence of any known etiology.
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10.1  Introduction

Puberty is the physiological process and crucial developmental stage, typically 
beginning between 9.5 and 13.5 years of age (average 11.5 years) in boys and last-
ing normally about 5–6 years, characterized by the gradual transition from child-
hood to adulthood, with the attainment of appearance of secondary sexual 
characteristics and mainly of sexual maturity and reproductive capability [1]. 
Hormonal and physical changes occurring during pubertal development in boys 
include the onset of growth of pubic and axillary hair (pubarche), the onset of secre-
tion of adrenal androgens (adrenarche), the onset of secretion of sex hormones by 
the gonads (gonadarche), and the onset of production of spermatozoa (spermarche) 
[2]. The key physiological process behind the transition from childhood to adult-
hood is the activation of the hypothalamus–pituitary–gonadal (HPG) axis, and the 
consequent gonadal stimulation by the two gonadotropins, namely luteinizing hor-
mone (LH) and follicle-stimulating hormone (FSH) [3].

Physiologically, gonadotropins secretion by the gonadotropic cells of the ante-
rior pituitary is controlled by the gonadotropin-releasing hormone (GnRH) 
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synthesized by hypothalamic neurons located in the preoptic area of the brain and 
released in the pituitary portal circulation in a pulsatile manner. The modulation of 
GnRH pulses determines the preferential release of gonadotropins; LH is preferen-
tially stimulated at high GnRH pulse frequencies, whereas FSH is preferentially 
stimulated at low GnRH pulse frequencies [4]. Gonadotropins secretion is modu-
lated by negative feedback mechanisms operated by sex hormones at the hypotha-
lamic and pituitary level. In particular, androgens, mainly testosterone, act on the 
hypothalamus by reducing GnRH pulsatility frequency and on gonadotropic cells of 
the pituitary by reducing gonadotropins secretion, whereas estrogens, mainly estra-
diol, act on the hypothalamus by reducing GnRH pulsatility frequency and on the 
pituitary by reducing gonadotropic cells sensitivity to GnRH [5, 6]. Moreover, FSH 
secretion is also regulated by the activin–inhibin–follistatin axis. The gonadal hor-
mones activins and inhibins, belonging to the transforming growth factor-β super-
family of growth and differentiation factors, are produced by Sertoli cells within the 
testis, and are autocrine and paracrine modulators of Sertoli cell proliferation and 
germ cell development [7, 8]. Inhibins are heterodimers composed by an α subunit 
and a βA or βB subunit, forming inhibin A and inhibin B, respectively. Inhibin B is 
the major form produced by Sertoli cells in the fetal and adult human testis in 
response to FSH stimulation, and reflects the status of spermatogenesis; indeed, 
inhibin B concentration positively correlates with Sertoli cell number and function 
and is therefore a useful clinical marker of spermatogenesis status [6, 9, 10]. Activins 
are homodimers composed by the same two types of β subunit (βA or βB) of inhibin, 
and are produced by Sertoli cells and by multiple cells of the anterior pituitary, 
including the gonadotropic cells [11, 12, 13]. Activins production by Sertoli cells is 
therefore regulated by inhibins concentration, which determines the availability of 
β subunits for activins production [7, 8]; contrary to inhibin B, it is therefore still 
uncertain whether testicular activin production is also directly regulated in response 
to FSH [11]. Pituitary activins induce the production of their own binding protein, 
follistatin, and reduce the production of the activin β subunit, therefore self-limiting 
their own production [13]. Testicular inhibin B and activins inhibits and stimulate, 
respectively, FSH production at the pituitary level [7, 8, 12]; nevertheless, besides 
GnRH, the activins locally produced within the pituitary and their modulation by 
testicular inhibin B represent a major effector in the stimulation of FSH, compared 
to testicular activins-inhibin B system [11, 12].

Follistatin is produced by the gonadotropic cells and the folliculostellate cells of 
the anterior pituitary in response to a concerted interplay among a stimulatory effect 
of GnRH, an inhibitory effect of androgens and a self-limiting intra-pituitary activin 
tone, which is necessary to maintain follistatin levels but is subjected to a reciprocal 
activin–follistatin negative feedback loop finalized to FSH modulation [12]. Indeed, 
follistatin exerts a local control on FSH production, by binding and neutralizing 
activin action, therefore indirectly decreasing FSH levels [12]. Noteworthy, the 
inhibin B endocrine feedback on FSH production through pituitary activin modula-
tion appears to be the most physiologically relevant mechanism [12].

Insulin-like 3 (INSL3) is a peptide hormone member of the insulin superfamily 
specifically produced by the Leydig cells within the testis [14]. During fetal life, 
INSL3 is involved in testicular descent particularly during the second trimester and 
immediately after birth [14]. During adult life, INSL3 is involved in the modulation 
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of androgen production by acting with autocrine manner on Leydig cells, but a role 
for INSL3 in spermatogenesis has been also hypothesized. However, INSL3 is not 
regulated by the HPG axis, and is rather a constitutive hormone secreted by Leydig 
cells, therefore considered as an excellent marker of Leydig cell differentiation and 
function [14]. Indeed, in the mature adult HPG axis, testosterone feedback leads 
progressively to a stabilization of LH levels and a correspondingly reduced level of 
Leydig cell metabolism (stable differentiation status), which is reflected by stable 
INSL3 levels [14]. After birth, the so-called “mini-puberty” period occurring from 
the first to the sixth month of life is characterized by a temporary activation of the 
HPG axis, determining a relevant increase in the secretion of gonadotropins and sex 
hormones, reaching a peak concentration around the third month of life. Gonadotropins 
production at this stage is functional to testicular descent and further maturation of 
testicular cell populations; nevertheless, starting around the third month of life both 
gonadotropins and sex hormones levels decrease, and HPG axis activity returns inac-
tive and remains in a phase of relative quiescence until puberty [15]. At puberty, the 
definitive activation of HPG axis induces a sustained increase in the pulsatility of 
GnRH determining an increase of the amplitude of gonadotropins secretion, particu-
larly LH, and consequent increase of androgens production, particularly testoster-
one. These hormonal variations are responsible of the changes occurring at puberty 
in several tissues and organs, including testis enlargement, penile growth, modifica-
tion of sweat smell, increase of skin sebum production promoting acne, appearance 
of axillary and pubic hair, increase of the larynx size with lengthening of vocal cords 
determining voice break, muscle and bone development resulting in growth spurt, 
changes in the brain with ensuing behavioral changes, and first nocturnal ejaculation 
as a marker of sexual maturity [3, 16].

Puberty is categorized into five stages according to Tanner classification, which in 
boys is based on testis volume, pubic hair, penis length and color of scrotal skin [1, 
17]. Tanner stage 1 corresponds to the prepubertal status for all development signs 
with progression to Tanner stage 5, corresponding to the adult status. The specific 
marker of pubertal onset (first sign of puberty) is the achievement of a testis volume 
of 4 mL, which is an indicator of gonadotropins production [18]. More specifically, 
stage 1 is characterized by a testis volume <4 mL or long axis <2.5 cm; stage 2 by a 
testis volume of 4–8 mL or long axis of 2.5–3.3 cm; stage 3 by a testis volume of 
9–12 mL or long axis of 3.4–4.0 cm; stage 4 by a testis volume of 5–20 mL or long 
axis of 4.1–4.5 cm; stage 5 by a testis volume >20 mL or long axis >4.5 cm [18]. The 
great part of the testis volume is related to the elongation of the seminiferous cords, 
and to the increase in seminiferous tubules diameter, reflecting Sertoli cells prolifera-
tion [19]. Sertoli cells are essential for adequate sexual differentiation during fetal 
life, and for spermatogenesis during adult life. In the fetal testis, Sertoli cells are 
morphologically and functionally immature and release anti-Müllerian hormone 
(AMH), which triggers the involution of the Müllerian ducts, embryonal precursors 
of the fallopian tubes, uterus, and upper part of the vagina in the female, therefore 
contributing to male sex genital differentiation. At pubertal onset, the increasing 
secretion of testosterone from Leydig cells, which determines a raise of intratesticu-
lar testosterone levels, negatively regulates AMH secretion, by mirroring the matura-
tion of Sertoli cells [20]. Inhibin B levels increase early in puberty, and at Tanner 
stage 2 the adult inhibin B levels have already been reached, and are positively 
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correlated with LH and testosterone, but not with FSH levels, suggesting a prominent 
supportive role of Leydig cells in Sertoli cells maturation during early puberty. 
Conversely, late puberty (from Tanner stage 3) is characterized by a weak negative 
correlation between inhibin B and LH and by a negative correlation between inhibin 
B and FSH levels, which is maintained in adults, and no correlation between inhibin 
B and testosterone, reflecting the accomplishment of HPG axis maturation and full 
establishment of feedback regulation mechanisms [21]. INSL3 levels decline during 
childhood, and start to re-increase at pubertal onset under the differentiating action 
of LH on Leydig cells, until reaching adulthood levels [22]. Lastly, puberty is accom-
panied by adrenarche, which is defined as the maturation of the adrenal gland with 
the gradual development of the reticular area of the adrenal cortex, which produces 
predominantly weak androgens, particularly androstenedione, dehydroepiandros-
terone (DHEA), and DHEA sulphate (DHEAS) [23]. Adrenarche generally precedes 
the gonadal development induced by the maturation of the HPG axis determining full 
establishment of HPG axis function, and adrenal androgens production continues 
throughout pubertal stages contributing, along with gonadal testosterone, to great 
part of the body changes occurring during pubertal progression, including the devel-
opment of axillary and pubic hair, the achievement of an adult-type sweat smell, and 
the increase in skin sebum production with appearance of acne [2]. Adrenarche is 
accompained by the activation of the hypothalamus-pituitary-somatotropic (HPS) 
axis and of the growth hormone (GH)/insulin-like growth factor 1 (IGF-1) system, 
which contribute to pubertal development [24].

The onset of puberty is physiologically driven by the pulsatile release of hypo-
thalamic GnRH, although the molecular mechanism underlying GnRH release as 
puberty approaches are not yet completely understood. GnRH pulses are thought to 
be regulated by the coordinated activity of different neurons disseminated within 
the hypothalamus nuclei, known as GnRH pulse generators [2]. In particular, neu-
rons located in the infundibular/arcuate nucleus of the hypothalamus secrete pep-
tides involved in this neuroendocrine network including kisspeptins, neurokinin-B 
(NKB), and dynorphin (Dyn), and are therefore known as KNDy neurons. 
Inactivating mutations in genes encoding for kisspeptins and NKB and/or their 
receptors have been linked to absence of puberty or hypogonadotropic hypogonad-
ism in humans, highlighting a stimulatory effect on GnRH release; conversely, 
based on studies on experimental models, Dyn has been recognized as a GnRH 
inhibitor. Moreover, NKB and Dyn also indirectly modulate GnRH release by act-
ing directly on KNDy neurons by autocrine signaling, to positively or negatively 
modulate kisspeptin secretion, respectively, which in turn modulates the release of 
GnRH. Lastly, KNDy neurons activity appears to be directly regulated by a negative 
feedback operated by sex hormones [2]. Many additional factors are implicated in 
the onset of puberty, and include genes involved in processes upstream of HPG 
activation, namely, genes involved in migration of the GnRH neurons (GNRHR, 
KAL-1), and in the proper development of the hypothalamus–pituitary unit (DAX-1) 
[25]. A graphical overview of the HPG axis and GnRH pulse generator regulation is 
provided in Fig. 10.1. The current chapter will provide a synoptic overview on the 
still scarcely deepened state of knowledge linking pathological pubertal 
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Fig. 10.1 Graphical overview of the hypothalamus–pituitary–gonadal axis and gonadotropin- 
releasing hormone pulse generator regulation. Gonadotropin-releasing hormone (GnRH) is 
secreted by GnRH neurons located in the preoptic area of the hypothalamus. The anterior portion 
of the pituitary gland, particularly, the gonadotropic cells, produce the gonadotropins  luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH), which in turn stimulate both steroidogen-
esis and spermatogenesis within the testis. The main hormone controlling GnRH production is 
testosterone, which inhibits gonadotropin production by exerting a negative feedback at both the 
hypothalamic and pituitary level; testosterone may act per se, or after conversion to dihydrotestos-
terone or estradiol. Inhibin produced by the testis also provides a selective negative feedback on 
FSH, counteracted by activins produced by the testis and the anterior pituitary, which in turn are 
modulated by pituitary follistatin. In physiological conditions, pubertal onset is triggered by a 
sustained increase in the pulsatile release of GnRH from GnRH neurons; a GnRH pulse generator 
located in the arcuate nucleus of the hypothalamus drives the GnRH pulsatility increase necessary 
to initiate puberty. Within GnRH pulse generator, a timely regulated neuroendocrine network 
including kisspeptin (Kp), neurokinin-B (NKB), and dynorphin (Dyn), all secreted by KNDy neu-
rons, is orchestrated to modulate GnRH release. In particular, Kp and NKB stimulate, whereas 
Dyn inhibits, the GnRH release from GnRH neurons terminals, at the median eminence. Moreover, 
NKB and Dyn also indirectly modulate GnRH release, by acting back on KNDy neurons to posi-
tively or negatively modulate Kp secretion, which in turn stimulates the release of GnRH. Lastly, 
KNDy neurons activity appears to be directly regulated by estradiol and testosterone by effect of a 
negative feedback. Figure created with BioRender.com
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development to exogenous players related to environment, obesity and lifestyles, 
including prenatal, postnatal, and pubertal exposure to environmental contaminants 
with endocrine disrupting activity, obesity, and unhealthy lifestyle-related attitudes 
with an additional focus on conditions of negative energy balance, such as severe 
malnutrition and vigorous physical activity.

10.2  Risk Factors Affecting Puberty: Environment, Obesity, 
and Lifestyles

Physiological variation in age at puberty onset is observed in healthy children. 
Differences in pubertal development might be related to two main features: onset 
and progression. Beyond the physiological variation, puberty-associated disorders 
based on onset are classified into two major types, precocious puberty and delayed 
puberty, and reflect maturity of the child at the time of puberty, compared to age- 
and sex-matched peers [26]. Pubertal disorders involving progression concern the 
velocity of progression from pubertal Tanner Stage 1 throughout Stage 5 [1, 2, 17]. 
Precocious puberty in boys is defined as the onset of the first sign of puberty and/or 
appearance of secondary sexual characteristics before 9 years of age, and might be 
determined by either the premature activation of the HPG axis (central precocious 
puberty), or a primary disorder of the testis or adrenal gland, independently from 
HPG axis activation (peripheral or pseudo-precocious puberty). Delayed puberty in 
boys is defined as the lack of the first sign of puberty and/or secondary sexual char-
acteristics by 14 years of age, and practically might result from a delay in the onset, 
progression, or completion of pubertal development; delayed puberty might be fur-
ther classified into pubertal delay and pubertal failure [2].

Divergent secular changes have been pointed out in boys, concerning initial 
pubertal signs and signs of puberty completion, displaying a skewed age distribu-
tion at pubertal signs towards earliness for initial pubertal stages and lateness for 
final pubertal stages; therefore, extended pubertal range beyond the physiological 
5-year period for both the initial and late stages of puberty has emerged [27].

The timely onset of puberty might be influenced by a number of factors, includ-
ing genetic, endocrine, environmental and nutritional factors, with genetics explain-
ing about 50–80% of pubertal timing [25]. Geographical differences, psychosocial 
stresses, prenatal and postnatal exposure to endocrine disruptors deriving from envi-
ronmental pollutants or from chemicals and industrial compounds, as well as 
unhealthy lifestyles before or during puberty can all influence the normal puberty in 
boys; indeed, growing consciousness has emerged that pubertal development can no 
longer be considered under exclusive control of genetic determinants. A relevant 
challenge in determining pubertal abnormalities in boys, as compared to girls, 
involves the scarcity of studies with objective clinical inspection of testis volume, 
and limited simple and reliable self-reported markers for pubertal development, 
with ensuing problems connected to the correct identification of pubertal onset and/
or progression across stages. Indeed, most studies exclusively rely on visual grading 
of genital development, which might overlook subtle changes, or on questionnaires 
with drawings of Tanner stages or yes/no items for the presence and/or grade of 
pubertal signs, all being identification tools prone to proxy reporting. A graphical 
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overview of factors proposed to exert a role in anticipating or delaying pubertal 
onset and/or progression in boys is provided in Fig. 10.2.

10.3  Environment

Exposure to environmental pollutants such as endocrine-disrupting chemicals 
(EDCs) during critical periods of development, characterized by increased suscep-
tibility to endocrine perturbations, may result in disorders of pubertal development 
and propensity to long-term reproductive consequences, in line with the Barker 
hypothesis of developmental origin of health and disease [28, 29]. Experimental 
studies in animal models, mainly of female sex, highlighted that prenatal and neo-
natal exposure to EDCs determines neuroendocrine imbalance at hypothalamic and 
pituitary level, as well as peripheral endocrine effects at gonadal level, resulting in 
an impairement of pubertal development [30]. Nevertheless, despite several clinical 
studies in humans investigated the potential involvement of prenatal or childhood 
exposure to EDCs in the development of pubertal disorders in girls, scarce investi-
gation has been performed in boys, due to the lack of a robust marker of puberty, 
such as menarche in girls, or provide unclear results. However, sparse associations 
have been highlighted between pubertal development and exposure to selected 
EDCs, including polychlorinated biphenyls (PCB), dioxin and dioxin-like com-
pounds, phthalates, bisphenol A (BPA), pesticides [organochlorine chemicals, 
endosulfan, dichloro-diphenyl-trichloroethane (DDT)] and lead (Pb).

Yucheng (“oil-disease”) victims were Taiwanese people exposed to PCB from 
the ingestion of contaminated rice oil in 1978–1979; male descendants of acciden-
tally exposed women had shorter penile length, compared to age-matched unex-
posed peers, suggesting an impairment of genital development upon prenatal PCB 
exposure and/or a delayed puberty; nevertheless, puberty was not a specific aim of 
these studies, and no further investigation was performed concerning major pubertal 
signs [31, 32]. Consistently, a cross-sectional study on adolescent boys exposed to 
PCB during pubertal development, with objective evaluation of pubertal stage by 
physical examination, demonstrated that PCB levels were negatively correlated 
with pubertal stages; in particular, boys displaying higher PCB levels had an 

Fig. 10.2 Graphical 
overview of factors proposed 
to exert a role in anticipating 
(green arrow) or delaying 
(red arrow) pubertal onset 
and/or progression in boys. 
Figure created with 
BioRender.com
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increased risk of failure to reach the adult stage of genital development and pubic 
hair growth, therefore corroborating a significant delayed pubertal development in 
such PCB-exposed boys [33]. Nevertheless, different studies evaluating the rela-
tionship between prenatal [34–36], postnatal (during lactation period) [34, 36] and 
current adolescent [34] exposure to PCB, dioxin and dioxin-like compounds failed 
to detect an association with stages of pubertal development, assessed by both self-
reported pubertal stage [36] and physical examination [34, 35], with the exception 
of a positive correlation of current exposure with age at first ejaculation [34]. 
Experimental studies highlighted that PCB inhibits GnRH production, reduces cell 
viability, with increase of oxidative stress and apoptosis in hypothalamic GnRH-
producing cells [37–39], and reduces the expression of antioxidant and steroidogen-
esis enzymes and LH receptor in Leydig cells [40], with consequent decrease of 
gonadotropins and testosterone production [40, 41], therefore supporting the 
hypothesis that PCB exposure prevents the activation or perturbs the function of 
HPG axis, by acting at both hypothalamic and testicular level.

Exposure to phthalate and BPA displayed some timeframe-dependent anti- 
androgenic or estrogenic effects on puberty in boys; in particular, exposure during 
the third trimester of pregnancy was associated with a delayed onset of adrenarche 
and pubarche and increased peri-pubertal SHBG levels [42], whereas childhood 
exposure was not associated with a deviation of pubertal onset, although increased 
SHBG levels and decreased total and free testosterone levels were found [42]. 
Moreover, clinical signs considered as markers of anti-androgenic or estrogenic 
exposures, namely, shortening of anogenital distance and gynecomastia, have been 
highlighted in phthalate-exposed and BPA- exposed boys. Indeed, anogenital dis-
tance is a sexually dimorphic landmark established during fetal life in response to 
the hormonal milieu and is an important clinical surrogate to address endocrine-
sensitive outcomes, reflecting potential prenatal exposure to EDCs affecting andro-
gens and/or estrogens signaling [43]. A shortened anogenital distance was associated 
with parental occupational exposure to phthalate and BPA during the period of preg-
nancy, displaying a significant dose–response relationship and therefore suggesting 
a detrimental effect on male genital development in boys with prenatal exposure, by 
considering either mother occupational exposure, and/or father occupational expo-
sure as a surrogate marker of indirect mother exposure through contaminated cloth-
ing, visits to the spouses workplace and residing in the vicinity of the BPA factories. 
Moreover, although occupational BPA exposure of both mother and father appeared 
to be significantly correlated with shortened anogenital distance, association was 
stronger for maternal exposure, possibly implying that there is little or no placental 
barrier to BPA, with potential ensuing prenatal exposure to high levels of BPA in the 
male descendants of exposed pregnant women [44]. Similarly, children with puber-
tal gynecomastia showed significantly higher phthalate levels, compared to children 
without gynecomastia, although no correlation was found between phthalate levels 
and gonadotropins and sex hormones levels; these findings might allow to speculate 
that phthalate exposure may determine pubertal breast enlargement within a time-
frame of increased hormonal sensitivity by activating estrogen receptor or intracel-
lular pathways rather than affecting hormone levels [45]. Collectively, available 
evidence concerning the effects of phthalates and BPA strongly supports an anti-
androgenic or estrogenic action of such compounds, potentially affecting pubertal 
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development. Interestingly, experimental studies in animals demonstrated that 
phthalates and BPA might induce long-term transgenerational inheritance of repro-
ductive disorders, and that an additional potential mechanism involved in phthalate-
induced and BPA- induced reproductive toxicity might be identified in epigenetic 
changes in the germline. More specifically, exposure of pregnant rats to mixtures of 
phthalates and BPA determined a significant increase in the incidence of testis 
pathology and pubertal abnormalities in the third male offspring generation, com-
pared to the third male offspring generation derived from unexposed mothers, 
together with the evidence of an increase in spermatogenic cell lineage apoptosis. 
Moreover, in the sperm DNA of the third male offspring generation a significantly 
different methylation profile was discovered, compared to unexposed animals, 
which might be associated with adult onset diseases, comprising reproductive 
abnormalities [46].

A prospective study on boys living in a highly polluted Russian area and sub-
jected to annual physical examinations including pubertal staging and testis volume 
assessment, demonstrated that peri-pubertal exposure to pesticides of the organo-
chlorine chemicals class and to Pb, measured at enrolment (8–9 years), was associ-
ated with delayed pubertal development [47]. In agreement with these findings, 
history of exposure to endosulfan, a different pesticide, was found as associated 
with reduced pubic hair as well as testis and penis growth according to Tanner 
stages, compared to unexposed peers [48], by unraveling delayed sexual matura-
tion; nevertheless, no association was found between maternal DDT levels and 
height, body mass index (BMI), skeletal age, testosterone or DHEAS in prenatally 
exposed male descendants [49]. Scarce experimental studies highlighted that 
organochlorine pesticides increase apoptosis in hypothalamic GnRH-producing 
cells, inhibiting GnRH production [50, 51], and decrease the expression of testicular 
steroidogenesis enzymes and testosterone levels [52–54], therefore supporting the 
hypothesis that this class of pesticides might interfere with the activation or function 
of HPG axis acting at both hypothalamic and testicular level. Although dearth of 
robust studies imposes further investigation in this area, precautionary attitude in 
minimizing EDCs exposures within highly endocrine-sensitive timeframes, particu-
larly prenatal development and early postnatal and pre-pubertal age, and proper 
assessment of EDCs exposure and potential impact on pubertal development might 
be recommended, in the management of pubertal disorders. An overview of the 
main pubertal outcomes and endocrine profile, as reported by observational human 
studies on EDCs exposure, is provided in Table 10.1.

10.4  Obesity

Obesity is defined, according to the World Health Organization (WHO), as a patho-
logical accumulation of fat into the body with ensuing adverse implications for gen-
eral health status, and is among the most frequent diseases worldwide [55]. In 
particular, in 2016, WHO estimates reported that more than 1.9 billion adults over 
the world were overweight or obese, with a prevalence of overweight of 39% and a 
prevalence of obesity of 11% in men, whereas 340 million children and adolescents 
aged 5–19 years were overweight or obese, with a prevalence of overweight of 19% 

10 Risk Factors Affecting Puberty: Environment, Obesity, and Lifestyles
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and a prevalence of obesity of 8% in boys [55]. Obesity- associated comorbidities 
include mainly metabolic, cardiovascular, and psychosocial disorders, together with 
endocrine disorders, including an impairment of HPG axis; male obesity–induced 
secondary hypogonadism (MOSH) may be clinically defined as an obesity-induced 
predominantly secondary form of functional hypogonadism, in men in whom organic 
and different functional causes of hypogonadism, such as medications, alcohol or 
drugs abuse, systemic illness, nutritional deficiency or excessive exercise, sleep dis-
orders, and comorbid illness associated with aging, have been excluded [56–58]. 
Although few studies evaluated body fat distribution in relation to androgenic status, 
several evidences outline that rather than obesity per se, specific adiposity distribu-
tion within the body, and particularly visceral fat deposition, is related to an hypogo-
nadal condition in men [57, 59, 60]. Indeed, visceral adiposity induces the testosterone 
deficiency, which in turn further promotes visceral adiposity in obese men, determin-
ing a typical vicious circle characterizing MOSH [60, 61]. The functional hypogo-
nadism associated with visceral obesity derives from the interplay among several 
pathogenetic events leading to the impairment of HPG axis function and androgenic 
status. Adipose tissue is an endocrine organ with abundant aromatase activity, and 
able to produce inflammatory mediators; therefore, an increased visceral adiposity is 
associated with an increased aromatase activity and to a chronic systemic low-grade 
inflammatory status [57]. Moreover, excess visceral adiposity is also associated with 
a plethora of metabolic abnormalities, generally attributable to the development of 
insulin resistance (IR) [57]. The inhibition of the HPG axis, in particular the inhibi-
tion of gonadotropins and therefore testosterone secretion, may be exerted by the 
low-grade inflammation, through the inhibition of GnRH neurons function by inflam-
matory cytokines, as well as by estradiol excess induced by increased aromatase 
activity. Moreover, the inhibition of the HPG axis may ultimately result from a cas-
cade of events initiated by IR; indeed, IR determines a decrease of SHBG levels, 
leading to a transient increase of free testosterone levels, which in turn enhances 
conversion of testosterone to estradiol, leading to estradiol excess, which adds up to 
the already increased aromatase activity in ultimately inhibiting gonadotropins and, 
consequently, testosterone production [57, 60]. In summary, compelling evidence 
highlighted a strict association between visceral obesity and hypogonadism in adult 
males, mediated by multiple pathogenetic mechanisms interfering at both central and 
peripheral level. Nevertheless, despite these cornerstones, the significance and rela-
tive weight of MOSH and associated mechanisms observed in adults, on pubertal 
development is unclear, due to lack of focused studies and direct evidence in obese 
boys. An additional mechanism linking visceral obesity to the impairment of the 
HPG axis function in adults involves the action of adipokines, cytokines secreted by 
adipocytes, whose receptors are expressed in the entire series of components of the 
HPG axis, namely hypothalamus, pituitary, and testis; indeed, the changes in adipo-
kines levels observed in obese patients contribute to HPG axis dysfunction [62]. In 
this context, a particularly well-recognized player is the major adipokine, leptin, an 
anorexigenic hormone secreted by adipocytes proportionally to the fat mass and 
involved in physiological conditions of normal weight in the regulation of energy 
balance by suppressing the production of the neuropeptide Y (NPY), thereby reduc-
ing food intake and inducing weight loss [62]. In physiological conditions of normal 
weight, leptin exerts a permissive effect on the HPG axis, mediated by the negative 

10 Risk Factors Affecting Puberty: Environment, Obesity, and Lifestyles
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modulation of metabolic-sensing neurons in the arcuate nucleus of the hypothala-
mus, namely NPY, and the positive modulation of pro-opiomelanocortin (POMC) 
neurons, which, projecting directly to the GnRH neurons, inhibit and stimulate 
GnRH secretion, respectively [63, 64]. Moreover, an indirect leptin-induced increase 
in kisspeptin expression has been also suggested to convey GnRH neurons stimula-
tion. Indeed, considering the lack of functional leptin receptors expression on GnRH 
neurons and a scattered expression of functional leptin receptors on kisspeptin neu-
rons, different sets of neurons expressing leptin receptor, including NPY and POMC 
neurons, and neurons located in the ventral premammilary nucleus and preoptic area 
of the hypothalamus, might mediate the indirect leptin-induced stimulation of kiss-
peptin [63, 64]. In obese men, obesity-induced leptin resistance, mediated by leptin 
receptor desensitization at the hypothalamic–pituitary level, results in blunted leptin 
signaling, which determines central inhibition of the HPG axis [62, 65, 66]. Moreover, 
a direct peripheral inhibitory effect of hyperleptinemia on testicular steroidogenesis, 
mediated by leptin receptors expressed on Leydig cells, has also been demonstrated 
[67, 68]. Indeed, a study including men ranging from normal weight to obese dem-
onstrated that basal and LH-stimulated free and total testosterone levels were reduced 
and negatively correlated with leptin levels in obese men, independently from gonad-
otropins, estradiol and SHBG levels, corroborating a direct effect on de novo testicu-
lar steroidogenesis; blunted testosterone response was explained by a leptin-related 
increase in 17-OH-progesterone-to-testosterone ratio, suggesting a defect in the 
enzymatic conversion of 17-OH-progesterone to testosterone [69]. Hypothesis might 
be postulated as to whether each component of the obesity-hypogonadism crosstalk 
might be of major relevance to the onset and/or the progression of male puberty; 
nevertheless, considering that pre-pubertal boys are indeed in a physiological quies-
cence of the HPG axis before the onset of puberty, the above mechanisms might be 
speculated to be more influential on pubertal progression. Nevertheless, considering 
the relevant and direct permissive role of leptin on the HPG axis and, particularly, on 
GnRH neurons, changes in leptin levels occurring in obesity might also be directly 
involved in perturbations of pubertal onset, and generally pubertal timing.

Puberty and the following starting of the reproduction are energy-demanding 
biological functions; therefore, a tightly controlled coupling between energy 
reserves and pubertal onset or maintenance of reproductive function exists (meta-
bolic gating), and leptin levels play as a neuroendocrine integrator of such a cross-
talk [64]. In physiological conditions of normal weight, in boys, leptin levels rise 
just before the gonadotropin peak preceding puberty and reach their peak at the 
onset of puberty; afterwards, leptin levels increase shortly during the early stages of 
puberty and decline thereafter [62]. The decline of leptin levels in late puberty in 
boys parallels increased androgens production and most likely reflects the andro-
gen-induced suppression of leptin, together with the direct leptin reduction conse-
quent to a reduced fat mass and relative increase in muscle mass during late puberty 
in boys [70]. Indeed, leptin levels are negatively modulated by androgens [62], as 
confirmed by a study demonstrating that pubertal leptin levels were negatively cor-
related with total testosterone levels in boys [71]. On the other hand, the increase of 
leptin levels right before puberty exerts a permissive effect on the HPG axis and 
pubertal onset, mediated by the increased leptin signaling and enhancement of 
leptin action on metabolic-sensing NPY and POMC neurons in the arcuate nucleus 
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and of neurons located in the ventral premammilary nucleus and preoptic area of the 
hypothalamus, ultimately determining the release from inhibitory signals projecting 
to GnRH neurons, therefore potentially driving the pubertal onset [63, 64].

There is still an ongoing debate regarding whether obesity might impact on the 
onset and/or progression of puberty, an uncertainty fueled by contrasting evidences 
provided by dedicated studies in obese boys, often suffering from methodological 
heterogeneity and pitfalls in the correct identification of pubertal onset and/or 
proper classification of pubertal stages in males, and fostered by the presence of 
indirectly hypothesized mechanisms which might favor either an earlier onset/
accelerated progression or a delayed onset/decelerated progression of puberty, with 
absence of clear and unequivocal dissection or prioritization of the relative impacts. 
Nevertheless, although the relationship between obesity and puberty remains con-
troversial, the majority of studies collectively seem to suggest an association 
between non-physiological BMI and earlier pubertal development, although BMI is 
not a direct measure of obesity status nor of adiposity localization or visceral 
adiposity.

Fig. 10.3 Graphical overview of leptin actions on the hypothalamus–pituitary–gonadal axis at 
puberty, in physiological condition of normal weight and in obesity. A physiological increase of 
leptin levels as puberty approaches exerts a permissive effect on pubertal development, mediated 
by the inhibition of neuropeptide Y (NPY) neurons and stimulation of pro-opiomelanocortin 
(POMC) neurons, which in turn inhibit and stimulate respectively gonadotropin-releasing hor-
mone (GnRH) secretion, directly by acting on GnRH neurons, or indirectly by means of kisspeptin 
(KISS) neurons. In obese boys, leptin resistance at the hypothalamus–pituitary level suppresses the 
beneficial effects of leptin on puberty; moreover, excessively increased leptin levels might directly 
inhibit testosterone production by Leydig cells, by interference with testicular steroidogenesis 
enzymes. Figure created with BioRender.com
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Contrary to the beneficial effect of the physiological increase of leptin levels on 
pubertal onset in boys, obesity-induced leptin resistance occurring at the hypotha-
lamic–pituitary level and determining central inhibition of the HPG axis function 
along with the peripheral hyperleptinemia–induced decrease of testicular response 
to LH stimulation, collectively resulting in a reduced basal and LH-stimulated tes-
tosterone production, might favor the occurrence of delayed pubertal onset and/or to 
delayed pubertal progression in obese boys [62, 65, 66]. A graphical overview of 
leptin actions on the HPG axis at puberty, in physiological condition of normal 
weight and obesity is provided in Fig. 10.3. Moreover, adipokines different from 
leptin, such as adiponectin, which has a physiological inhibitory function on GnRH 
secretion, might be involved in pubertal development regulation in obese boys. 
Indeed, the obesity-related low-grade inflammation status determine the typically 
reduced adiponectin levels observed in obese boys, compared to normal weight 
peers, therefore potentially favoring the occurrence of an earlier pubertal onset and/
or accelerating pubertal progression in obese boys [62].

Additional mechanisms potentially involved in the pubertal process and therefore 
potentially impacting on obesity-related disturbances of pubertal development 
include the interaction between the HPG axis and different endocrine systems, com-
prising the adrenal androgens and the GH/IGF-1 system. Considering that adre-
narche and gonadarche occur independently, it has been suggested that the 
physiological increase of adrenal androgens levels occurring at adrenarche has an 
HPG-independent favoring effect on the peripheral androgenic manifestations of 
puberty [2, 72]. Accordingly, pathological increase of sex hormones levels due to 
peripheral autonomous premature secretion owing to a primary disorder of the 
gonads or adrenal gland, including gonadal or adrenal tumors and congenital adrenal 
hyperplasia, induce pseudo- precocious puberty, manifested independently from the 
central activation of the HPG axis and hypothalamus–pituitary control [2]. Similarly, 
obesity might be hypothesized to exert an anticipatory action on the appearance of 
pubertal signs in boys, mediated by peripheral effects on adrenal androgens; indeed, 
an increase of the adrenal androgens androstenedione and DHEAS levels has been 
observed in obese boys, compared to age-matched non-obese peers [73, 74], and 
obesity was shown to be highly prevalent (47%) in prepubertal boys diagnosed with 
early adrenarche [75]. Reversible compensatory central activation of the hypothala-
mus–pituitary–adrenal (HPA) axis likely due to relative hypocortisolism determined 
by an increased inactivation of cortisol in the liver, by increased 5α-reductase type 1 
activity [76, 77] and a stimulatory effect of increased leptin levels on adrenal steroid 
biosynthesis [78] might be the underlying determinants of such adrenal androgens 
increase in obese children; these hypotheses are supported by the evidence that sub-
stantial weight loss determines a reduction in androstenedione levels, although stably 
elevated DHEAS levels indicate early irreversible maturation of the adrenal zona 
reticularis [79, 80]. Considering the physiological contribution of adrenal androgens 
to the development of pubertal signs independently from HPG axis activation, it 
might be hypothesized that increased adrenal androgens levels in obese boys might 
simply accelerate the androgenic manifestations of puberty irrespective of pubertal 
development and, at the same time, an obesity-induced greater peripheral conversion 
of adrenal androgens to estradiol might also result in the inhibition of HPG axis after 
puberty, therefore delaying pubertal completion. Consistently, a longitudinal study 
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on pre-pubertal healthy boys demonstrated that higher adrenal androgens at adre-
narche predicted earlier ages at Tanner stage 2 for pubic hair and genital develop-
ment, as well as a shorter pubertal growth acceleration period [81], by corroborating 
the potential anticipatory role on the appearance of pubertal signs exerted by 
increased adrenal androgens in obese boys. Lastly, the GH-IGF1 system, which is 
frequently deregulated in cases of obesity, might represent an additional endocrine 
axis potentially affecting pubertal development in obese boys. HPG and HPS axes 
are interconnected. Somatotropic cells of the pituitary produce GH, which in turn 
stimulates hepatic IGF-1 production. IGF-1 exerts multiple actions on the HPG axis, 
including activation of kisspeptin and GnRH neurons and stimulation of gonado-
tropic cells to produce gonadotropins; moreover, hepatic IGF-1, along with IGF-1 
locally produced within the testis, mainly in response to gonadotropins, are involved 
in the stimulation of Leydig cells proliferation and testicular steroidogenesis and 
spermatogenesis [24]. Lasty, growth and development of penis and prostate are also 
stimulated by IGF-1, and, directly, by GH. On the other side, testosterone per se or, 
mainly, after conversion to estradiol, might increase pituitary GH pulsatile produc-
tion, whereas estradiol might inhibit hepatic production of IGF-1 and peripheral 
IGF-1 response [24]. The mechanisms driving GH/IGF-1 system activation during 
puberty are not entirely defined, but probably increased hypothalamic release of 
GH-releasing hormone (GHRH) mediated by testosterone surge, activation of pitu-
itary somatotropic cells by kisspeptin neurons and ensuing increased sensitivity to 
GHRH stimulation might be concerned [24]. Physiologically, the amplitude of GH 
secretion bursts together with the overall increase in daily production of pituitary GH 
at puberty, and both required for linear growth and pubertal progression and develop-
ment [24], as supported by the evidence that IGF-1 levels progressively increase 
from Tanner stages 1 to 3, in parallel with the increase in testis volume [24]. 
Conversely, HPS axis impairment during childhood and puberty might induce 
delayed pubertal development, as supported by the finding, in pre-pubertal boys with 
constitutional delay in growth and puberty, of lower IGF-1 levels in patients with 
hypogonadotropic hypogonadism and higher IGF-1 levels in patients with an earlier 
puberty [24]. Nevertheless, the major body of evidence demonstrated that GH treat-
ment in short boys did not influence age at pubertal onset nor accelerated pubertal 
development, despite inducing an increment of testis volume [82]. Collectively, this 
evidence on the effects of physiological GH and IGF-1 levels and of pathological 
deficit of these hormones on the HPG axis, support the hypothesis of a beneficial 
effect of the GH/IGF-1 system in the physiological activation of the HPG axis and 
pubertal development; moreover, considering the permissive role of the GH-IGF-1 
system on the HPG axis activation, and a potential contribution to the onset and 
acceleration of puberty and appearance of secondary sex characteristics [83–85], 
defective GH/IGF-1 system with increased IGF-1 levels detected in obese boys 
might be hypothesized to anticipate pubertal development. Indeed, abnormalities in 
the GH/IGF-1 system are a common finding in obese, children, and include aberrant 
GH secretory pattern with decreased GH half-life, frequency of secretory episodes 
and reduced GH daily production rate, along with increased GH binding protein 
levels; nevertheless, IGF-1 responsiveness to GH appears to be increased, and 
increased IGF-1 and IGF binding proteins levels are detected in obese boys, there-
fore potentially driving an earlier onset of puberty [86, 87, 88]. Noteworthy, the 
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GH/IGF-1 system abnormalities are reversible, as demonstrated by the positive effect 
of weight loss [86, 88]. Despite much effort has been put into shedding underlying 
mechanisms driving pubertal development in obese boys, the relationship between 
obesity and pubertal onset and/or progression is less linear than that between obesity 
and HPG axis and androgenic status observed in adult men. Indeed, despite the asso-
ciation between obesity and pubertal timing in girls is well established, with evi-
dence of an earlier onset of puberty in obese and overweight girls [2], clinical 
evidence is less univocal in boys, with some studies showing an effect of obesity in 
anticipating puberty, and others showing opposite or no effect [62].

Cross-sectional studies addressing the relationship between BMI and pubertal 
development are quite inconsistent, with some reporting earlier pubertal develop-
ment in boys with a higher BMI (overweight and obese), and others failing to denote 
a consistent relationship, or as opposite reporting delayed pubertal development 
[89–92]. Conversely, longitudinal studies quite consistently reported an association 
between higher BMI and earlier pubertal development, heterogeneously assessed by 
different signs of pubertal onset and/or progression, such as age at peak height veloc-
ity, at voice break, and pubic hair or testis development; nevertheless, the majority of 
studies did not address overweight and obese boys separately, therefore potentially 
diluting differential trends [62, 93–97]. Few studies specifically assessed the first 
sign of pubertal onset, in obese boys compared to normal weight peers. A study mea-
suring testis volume by andrological examination demonstrated an earlier onset of 
puberty, as the occurrence of testis volume ≥4 mL, and an earlier completion of 
puberty, as the occurrence of a testis volume of 25 mL, and a shorter duration of 
puberty, in obese boys, compared to normal weight peers [94]. Consistently, a differ-
ent study on obese boys demonstrated that puberty occurs at an earlier age in obese 
boys, compared to normal weight peers, particularly highlighted by an earlier occur-
rence of testis volume ≥4 mL evaluated with Prader orchidometer in obese boys, 
although no significant differences were detected for either pubarche onset nor geni-
tal stage ≥2 [98]. In line with these findings, a school population–based study esti-
mated a significantly higher prevalence of precocious puberty, addressed by testis 
volume measured with Prader orchidometer, in obese compared to normal weight 
boys [99]. Lastly, an additional study addressing separately in normal weight, over-
weight and obese boys the relationship between body fat and testis volume measured 
with Prader orchidometer, highlighted an earlier pubertal onset and earlier pubertal 
completion in overweight boys compared to normal weight peers, and a delayed 
pubertal completion in obese boys compared to overweight and normal weight peers 
[90], although this was the only study highlighting this difference in overweight and 
obese boys. Anyhow, these eventual differential trends in overweight versus obese 
boys might allow to speculate that leptin resistance occurring at higher leptin levels 
typically observed in obesity could determine a pubertal latency and delayed puber-
tal attainment by effect of central and peripheral mechanisms, whereas in overweight 
boys with hyperleptinemia but preserved leptin sensitivity, a greater precocity of 
pubertal onset could occur. The precise role and effect weight of hypogonadism in 
obese boys as a factor determining variations in pubertal onset and/or progression, 
the latter being reasonably the most likely pubertal feature to be possibly impacted, 
has yet to be exactly determined. Nevertheless, as in adults, increased visceral adi-
posity might potentially exert peripheral effects; indeed, increased estradiol 
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production mediated by excessive aromatase activity directly resulting from increased 
visceral adiposity in obese, but not in overweight boys, as well as resulting by 
increased aromatase substrate free testosterone levels by effect of reduced SHBG 
deriving from IR, may suppress the pubertal process by inhibiting HPG axis and, 
therefore, favor delayed pubertal progression [2, 100]. As potential supportive evi-
dence, obese children have higher estradiol levels from pre-puberty until full sexual 
maturation, compared to normal weight peers, and body fat is positively associated 
with markers of estrogens exposure, such as breast development and skeletal age, 
and negatively associated with pubic hair growth and testis volume [73, 101]. 
Moreover, in obese children, SHBG levels are substantially lower than in normal 
weight peers, most likely because of IR and hyperinsulinism; SHBG levels are evenly 
low independently of pubertal stage, therefore differences with normal weight peers 
are most pronounced at earlier Tanner stages and decrease during sexual maturation, 
when SHBG levels physiologically decrease in lean peers [79]. Lastly, consistently 
with maintained total testosterone despite low SHBG levels, obese children have 
slightly increased free testosterone, most likely resulting from increased production 
of adrenal testosterone precursors androstenedione and DHEAS, further corrobo-
rated by a positive association of both adrenal androgens with free testosterone [73, 
79]. Despite these findings, more studies are needed to understand how and to what 
extent these peripheral hormonal changes might influence puberty in obese boys.

Controversial results concerning the relationship between obesity and pubertal 
development in boys might be accounted by a diversity of factors: (1) the paucity of 
dedicated studies, which mainly include small-sized cohorts; (2) the use of BMI as 
an indirect marker of obesity; (3) the relatively subjective assessment of pubertal 
onset in boys compared to menarche onset used in girls; (4) the fact that body fat 
distribution, rather than body weight, influences the mechanisms potentially 
involved in the pubertal process.

Childhood obesity is a growing and alarming problem, associated with multiple 
short- and long-term metabolic and cardiovascular complications; despite uncer-
tainty linking obesity to male pubertal onset, controlling overweight and obesity in 
children might help prevent the early activation of the HPG axis and the onset of 
early puberty, along with the occurrence of severe burden of obesity-associated 
comorbidities.

10.5  Lifestyles

Several clinical studies demonstrated that poor lifestyles and unhealthy habits inter-
fere with pubertal development and, specifically, cigarette smoking, alcohol con-
sumption, nutritional imbalance and poor physical activity might exert a relevant 
role, with some of these factors being implicated in pubertal disorders following 
either (or mostly) prenatal or childhood exposure; nevertheless, despite florid evi-
dence exists for girls, fewer studies are focused on boys.

Cigarette smoke contains about 4000 substances belonging to a variety of chemi-
cal classes, including polycyclic aromatic hydrocarbons, heavy metals and alkaloids, 
which are all compounds able to cross the placenta displaying endocrine disrupting 
properties and reproductive toxicity [102, 103]; therefore, maternal smoking may 
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affect the intrauterine hormonal environment during pregnancy, and consequent 
early fetal life exposure may result in detrimental effects on descendants reproduc-
tive health. In particular, a significantly increased risk of cryptorchidism was reported 
in sons of mothers who smoked 20 or more cigarettes/day during pregnancy, com-
pared to non-smoker mothers [104], suggesting an interference of heavy smoking 
with testis development. Moreover, few studies addressed the relationship between 
prenatal exposure to cigarette smoke and pubertal development, and highlighted ten-
dency to anticipated puberty. In particular, in a birth cohort follow-up study, informa-
tion gathered by retrospective questionnaires administered to young men aged 
18–21  years concerning the appearance of pubertal indicators, highlighted a ten-
dency to an earlier onset of puberty in men with higher levels of exposure to maternal 
cigarette smoking during pregnancy, displayed by a trend toward an earlier age at 
first nocturnal ejaculation, acne and voice break, in men exposed to 15 or more ciga-
rettes/day during fetal life [105]. These results are consistent with a different study 
demonstrating earlier retrospectively self-reported signs of puberty including pubic 
hair growth, voice break and penis growth [106], in men prenatally exposed to 
tobacco smoking, assessed as a dichotomized, non-quantitative variable. Nevertheless, 
a large birth cohort study failed to detect any correlation between maternal smoking 
and the height difference in standard deviations, a marker of pubertal timing [107].

Alcohol consumption has been repeatedly reported to exert detrimental, although 
sometimes equivocal, actions on reproductive function, also mediated by direct and 
indirect endocrine effects, and alcohol consumption during pregnancy is well known 
to be linked to an increased risk of adverse pregnancy outcomes and fetal disorders 
[102, 103]; therefore, maternal alcohol consumption during pregnancy might also 
be expected to affect descendants reproductive health, including pubertal develop-
ment. A pregnancy cohort follow-up study performed on the male descendants dem-
onstrated a tendency to delayed self-reported first nocturnal ejaculation and voice 
break in boys prenatally exposed to 5 or more maternal binge drinking episodes, 
compared to unexposed peers [108]; nevertheless, although in the same direction, 
results on weekly alcohol consumption during pregnancy were much weaker. In a 
different cohort study on male adolescents, higher average daily maternal alcohol 
consumption was associated with higher adolescent salivary testosterone levels. 
Nevertheless, although in boys with light-to-no prenatal alcohol exposure testoster-
one levels were correlated to pubic hair growth, this relationship was lost in boys 
with moderate-to-heavy prenatal alcohol exposure; similarly, although in boys with 
light-to-no prenatal alcohol exposure a trend for a correlation was demonstrated 
between testosterone levels and genital development, no correlation was found in 
boys with moderate-to-heavy prenatal alcohol exposure, suggesting a decreased 
responsiveness of testosterone-sensitive tissues in adolescents with higher maternal 
alcoholic intake [109]. Consistently, alcohol consumption at early stages of repro-
ductive development, namely, pre-pubertal stage, was found to be associated with 
longer time to occurrence of voice break, and with delayed body and facial hair 
growth [110]. Moreover, partially in line with prenatal exposure, higher adolescent 
alcohol consumption was associated with higher estradiol levels, which might indi-
rectly reflect increased activity of the aromatase enzyme, due to higher testosterone 
levels. It is important to consider the hypothesis of a mutual relationship between 
sex hormones and alcohol intake, based on the evidence that estradiol levels are 
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related to both the onset and quantity of alcohol use in boys, which may suggest a 
particular role for sex hormones in promoting alcohol use through stimulation of 
sensation-seeking behaviors and activation of reward processing brain regions, 
therefore exacerbating the effects on pubertal development [111]. Moreover, a very 
recent large survey performed on male high school students, using a validated struc-
tured interview on lifestyle attitudes associated with medical examination, pointed 
out that health risk behaviors during adolescence, such as alcohol consumption, 
might be associated with andrological disorders, and, particularly, might adversely 
affect testis development [112]; specifically, a strong association between alcohol 
consumption and reduced testis volume was highlighted, possibly suggesting testis 
function impairment and a role for alcohol consumption as a contributor to testis 

Fig. 10.4 Graphical overview of the pubertal signs proposed to be affected by prenatal exposure 
to cigarette smoke and alcohol or pre-pubertal alcohol consumption. Pubertal signs: (1) acne; (2) 
facial hair; (3) voice break; (4) changes in sweat smell; (5) axillary and body hair; (6) first noctur-
nal ejaculation; (7) pubic hair; (8) penis growth; (9) testis enlargement; (10) growth spurt. Overall, 
prenatal exposure to cigarette smoke has been associated with an earlier occurrence of pubertal 
signs (green circle: 1, 3, 6, 7, 8), whereas prenatal exposure to alcohol or pre-pubertal alcohol 
consumption have been associated with a delayed occurrence of pubertal signs (red circle: 2, 3, 5, 
6, 7, 8, 9). Figure created with BioRender.com

10 Risk Factors Affecting Puberty: Environment, Obesity, and Lifestyles

http://biorender.com


192

hypotrophy, with an effect of both moderate and heavy drinking, compared to occa-
sional drinking. An additive effect of alcohol over varicocele toward reduced testis 
volume was also detected [112]. A graphical overview of the pubertal signs pro-
posed to be affected by prenatal exposure to cigarette smoke and alcohol or pre-
pubertal alcohol consumption is provided in Fig. 10.4.

Nutritional imbalances during pregnancy may be implicated in the reprogramming 
of fetal metabolism, including the setting of the hypothalamus–pituitary axis on the 
one hand and of IR and body composition on the other hand, which in turn could trig-
ger subsequent hormonal changes affecting pubertal development. To date, evidence 
linking prenatal nutritional imbalances to pubertal development is indirect, through 
the use of birth weight as a surrogate of intrauterine milieu. A range of nutritional fac-
tors during pregnancy, from overall malnourishment to single micronutrients deficien-
cies, vitamin B12 levels, and cervonic acid intake, have been hypothesized to be in 
relation with birth weight; moreover, a recent study suggested that maternal vitamin 
D status in early pregnancy might play a role in both birth weight and ensuing growth 
speed [105]. Despite the indirectly hypothesized role of maternal nutritional environ-
ment on pubertal development the impact of specific infant or childhood dietary pat-
terns on male pubertal development has been scarcely addressed. In a large 
population- based birth cohort study with contemporary breastfeeding data collection, 
retrospectively collected data on cow milk consumption at about 6 months, 3 years, 
and 5 years of age, and objective physical examination for pubertal development, 
neither exclusive and partial (for any length of time) breastfeeding nor cow milk con-
sumption at the various investigated ages was associated with age at pubertal onset 
[113]. Conversely, higher animal protein dietary intake, but not total fibre intake nor 
fibre intake from different sources, was associated with earlier pubertal development 
[114]. Although most of the evidence of a relationship between a specified food cat-
egory is provided in girls, it would be wisdom less to expect that a given single nutri-
tional factor may contribute for most of pubertal variations; it is much more likely that 
complex interactions among entire nutritional stimuli or dietary patterns, metabolic 
processes and other related and/or unrelated influences (i.e., physical activity, poten-
tial EDCs contamination in foods) may all take concerted part in pubertal program-
ming. Indeed, it is conceivable that macronutrients, micronutrients, and/or food 
groups may influence pubertal development through combined effects. In line with 
this concept, one study addressed the association of overall higher dietary quality in 
childhood, intended as adherence to specific dietary recommendations (i.e., lower 
intake of total fat and higher intake of carbohydrates, fibre, and micronutrients) with 
pubertal development by demonstrating a later pubertal growth spurt in children with 
pre-pubertal higher dietary quality, compared to peers with lower dietary quality [114].

10.6  Negative Energy Balance: Severe Malnutrition 
and Vigorous Physical Activity

Consistently with the concept that single food categories may not substantially alter 
pubertal development, eating disorders with an onset at childhood/adolescence, 
including the psychiatric disorders anorexia nervosa and bulimia nervosa, might exert 
a role in pubertal abnormalities, since they involve a progressive overall severe 
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malnutrition status fueled by extreme methods adopted for weight control, such as 
fasting, binge eating, vomiting, and excessive exercise, rather than deprivation of spe-
cific foods [115]. Indeed, patients with anorexia nervosa display lowered leptin levels 
and hypogonadotropic hypogonadism with low levels of gonadotropins and testoster-
one, overall leading to delayed pubertal development [116, 117]. Although dispropor-
tionally better characterized in girls, an increase in the prevalence of eating disorders 
has been described in recent years also in boys. A gender-specific relationship has 
been pointed out, between puberty and eating disorders; overall, girls who mature 
early are at higher risk of developing eating disorders, whereas for boys the opposite 
is true, with boys with delayed pubertal development displaying a higher risk of devel-
oping eating disorders [115]. This relationship is bidirectional in nature; indeed, food 
deprivation is strictly connected to pubertal timing due to a complex crosstalk between 
leptin and HPA axis with HPG axis, and to the potential downstream effects of an 
altered function of the hypothalamus–pituitary–thyroid axis and of the GH/IGF-1 sys-
tem. In pre-pubertal conditions under food restriction, such as in anorexia nervosa, 
lowered leptin levels determine an increase in NPY activity, which exerts an inhibi-
tory effect on the HPG axis function with reduced gonadotropins and gonadal steroid 
synthesis and secretion, ultimately interfering with pubertal onset [70]. The release of 
corticotropin (CRH), which stimulates adrenocorticotropic hormone (ACTH) secre-
tion, is regulated, at least in part, by leptin and insulin; therefore, in anorexia nervosa 
patients, characterized by lowered leptin levels and hypoinsulinemia due to reduced 
glucose and amino acid levels, increased cortisol levels might be detected, which 
inhibit GnRH and gonadotropins release, by contributing to delayed pubertal develop-
ment [116]. Severe weight loss in anorexia nervosa is characterized by non-thyroidal 
illness syndrome as an adaptive response to decreased metabolic rate and energy 
expenditure presenting with low total triiodothyronine (T3) levels, elevated reverse T3 
levels due to the peripheral increase in deiodination of thyroxine (T4) to reverse T3, 
and varying levels of free T4 and TSH, ranging from normal to low-normal [118]. 
Moreover, in anorexia nervosa patients, a negative correlation between BMI and basal 
and pulsatile GH levels suggest a link between malnutrition and an altered GH pulsa-
tile secretory pattern; in addition, levels of IGF-binding protein 1 (IGFBP-1) and 
IGFBP-2 are elevated, due to hypoinsulinemia [119]. Although in anorexia nervosa 
patients no direct evidence exists on a potential effect of the hypothalamus–pituitary–
thyroid axis and the GH/IGF-1 system abnormalities on pubertal development, a con-
tribution to delayed growth at puberty is inferred.

Consistently with the observed effects of severe malnutrition on pubertal devel-
opment, vigorous physical activity, mainly acting through the effects of a negative 
energy balance (insufficient caloric intake for the level of physical activity), might 
delay the onset of normal puberty and pubertal progression, although these effects 
have been particularly demonstrated in girls. Indeed, in pre-pubertal girls practicing 
intense physical exercise, delayed menarche and primary amenorrhea may occur; in 
this setting, negative energy balance, low fat mass and stress act as central drivers 
by determining decreased leptin levels and increased levels of cortisol, of the orexi-
genic hormone ghrelin, and of the anorexigenic hormone peptide YY, which overall 
result in decreased secretion of GnRH followed by hypothalamic amenorrhea, and 
in suppressed sense of appetite, ultimately further preventing the compensatory 
increase of energy intake [116, 120].
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10.7  Conclusions

Physiological variation in age at puberty timing is observed in healthy children; nev-
ertheless, pathological variations in pubertal development have been highlighted in 
secular trends analysis, displaying skewed age distribution at pubertal signs with ten-
dency to earliness for initial and lateness for final pubertal stages, and consequent 
dilation of pubertal development age window, testifying potential underlying mecha-
nisms with differential effects on anatomical markers of puberty and/or differential 
sensitive timeframes. Several factors have been claimed to participate to pubertal 
abnormalities, including environmental exposures from prenatal to adolescent age, 
obesity and lifestyles, the latter being mainly related to maternal cigarette smoking 
and alcohol consumption during pregnancy, and nutritional impacts. Although hypoth-
esis have been formulated, based on animal studies, evidence in humans is quite insuf-
ficient to draw definitive conclusions in most cases, and causal inference lacks 
arguments due to unethical experimentation in humans, particularly referred to envi-
ronmental influences. Notwithstanding, investigation on selected EDCs has provided 
evidence of sparse and uncertain associations between prenatal to adolescent expo-
sure to PCB, dioxin and dioxin-like compounds, phthalates BPA, pesticides and Pb 
and delayed pubertal development although definitive findings have not been estab-
lished. The association of obesity with pubertal development lacks in consistency in 
boys, partly because of biased cross-sectional studies; indeed, longitudinal studies 
more consistently report the occurrence of earlier onset of puberty in overweight-
obese boys, by using different signs of pubertal onset and/or progression as main 
outcome. A diversity of mechanisms has been proposed to take part in the modulation 
of pubertal development in obese boys, some exerting anticipatory and other retarding 
effects. Leptin resistance occurring at the hypothalamic–pituitary level determines a 
central inhibition of the HPG axis, therefore preventing the permissive effect of leptin 
on pubertal onset; moreover, obesity-related hyperleptinemia might be associated 
with impaired testicular steroidogenesis, therefore potentially further contributing to a 
delayed pubertal progression. On the other hand, reduced adiponectin levels might 
favor earlier pubertal onset and/or accelerate pubertal progression. The role of 
increased adrenal androgens might be dualistic; indeed, although increased adrenal 
androgens might accelerate the androgenic manifestations of puberty irrespective of 
HPG axis activation, an excessive peripheral conversion of adrenal androgens to estra-
diol after pubertal onset might result in the inhibition of HPG axis and delaying puber-
tal completion. Lastly, derangements of the GH/IGF-1 system might also be 
hypothesized to potentially take part in anticipating pubertal development in obese 
boys. Lastly, a quite consistent tendency to an earlier onset of puberty has been associ-
ated with higher levels of exposure to maternal cigarette smoking during pregnancy, 
whereas maternal alcohol consumption during pregnancy has been shown to exert an 
opposite effect on male descendants pubertal development and a decreased respon-
siveness of testosterone-sensitive tissues has been hypothesized in adolescents with 
higher maternal alcoholic intake. Consistently, alcohol consumption in pre-pubertal 
stage has been associated with testis hypotrophy, possibly suggesting testicular func-
tion impairment, and delayed appearance of pubertal signs. Lastly, very scant 
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evidence put in relation the nutritional impact on pubertal development and seems to 
suggest an association of higher animal protein dietary intake with earlier puberty in 
boys, whereas a potential malnutrition-induced and negative energy balance-induced 
delay in pubertal development might be speculated, based on evidence from girls suf-
fering from anorexia and practicing vigorous physical activity, respectively. Complex 
interactions are expected to occur, potentially participating in male pubertal matura-
tion, and dissecting individual and independent roles of each involved factor is quite 
challenging in absence of clear mechanistic insights; more focused research should be 
performed in order to dissipate inconsistencies, and an appropriate management of 
pubertal variations should be prone to consider a diverse range of stimuli starting far 
more in advance than pubertal occurrence.
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11.1  Introduction

Sexually transmitted infections (STIs), previously known as “sexually transmitted 
diseases” (STDs) or “venereal diseases,” are represented by a multitude of different 
conditions that recognize bacterial, viral, or parasitic etiology. Nowadays, the name 
STIs is preferred in respect to STDs because the term “disease” would imply the 
presence of active signs or symptoms, while sexually transmitted infections are 
often asymptomatic for a long period of time, potentially leading to complications, 
such as pelvic inflammatory disease, and long-term consequences, such as ectopic 
pregnancies in female and inability to procreate in both sexes.

Since adolescents are at particularly high risk for STIs for a multitude of reasons, 
healthy sexual activity and knowledge of STIs risk is fundamental in this population.

11.2  Epidemiology

STIs represent a major health problem that involves primarily young individuals, 
not only in developing countries but also in industrialized nations. The epidemiol-
ogy of STIs differs in respect to sex, sexual practices, and geography (Fig. 11.1). 
Despite this, in a scenario characterized by a general decline of age at first sexual 
intercourse with increasing proportions of individuals reporting sexual activity 
before the age of 16, the incidence of STIs is on the rise in both sexes among 
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Fig. 11.1 Geographical distribution of the four most common STIs in women aged 15–49 (a) and 
men aged 15–49 (b) between 2009 and 2016. (Adapted from “Report on global sexually transmit-
ted infection surveillance 2018” of the World Health Organization)
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adolescents. Inconsistent use of condoms and lack of perception of STIs risk are 
among the predominant reasons for this observed trend [1].

It has been estimated that 357.4 million new cases of the four most common STIs 
occur each year worldwide: 142.6 million cases of trichomoniasis, 130.9 million 
cases of chlamydial infection, 78.3  million cases of gonorrhea, and 5.6  million 
cases of syphilis. The Centers for Disease Control and Prevention reports that in the 
United States half of the STIs cases are acquired by individuals during adolescence 
(15–24 years) [2]. In Europe in 2016, 403.807 cases of chlamydial infection were 
registered in subjects aged 15–25 years. It has been estimated that one out of four 
sexually active adolescent females present an STI, with Chlamydia trachomatis and 
Human Papilloma Virus (HPV) being among the most common STIs in this popula-
tion. Other most frequent STIs in the adolescent population are represented by gon-
orrhea, syphilis, Human Immunodeficiency Virus (HIV), Herpes Simplex Virus 
(HSV), and trichomoniasis; hepatitis B infection (HBV) showed an important 
decrease after introduction of preventive vaccination strategy, but it still a major 
problem in developing countries.

In recent years in the United States, the rate of genital chlamydial infection 
increased by 4% among female adolescent and by 15% among males adolescent, 
while a decrease in rates of gonorrhea have been observed among females. In the 
same period, syphilis rate increased in both sexes by around 24% among adoles-
cents aged 15–19 years and 25% in individuals aged 20–24 years [3].

HPV infection is the most common STI worldwide. It has been estimated that 8 
out of 10 sexually active women will be exposed to HPV. HPV 6 and 11 accounts 
for 90% of all genital warts and HPV 16 and 18 are involved in 70% of cervical 
cancer cases. Time of exposure to HPV is between 3 and 7 years after first sexual 
contact, with a prevalence of 29% among female aged 14–19 years old and 58.7% 
in females aged 20–24 years. It is to be noted that HPV epidemiology among ado-
lescents greatly varies upon local vaccination programs [4, 5].

Around 21% of all new HIV diagnoses in 2018 in the United States have been 
made in individuals aged 13–24 years old, 86% of which occurred among young 
men. The vast majority (92%) of new HIV infections in young men involved gay 
and bisexual men; on the other hand, most new HIV diagnosis (85%) in young 
females were consequent to heterosexual contacts [6].

HSV infection is common among both, young females and men; the estimated 
rate of HSV-1 is around 49% in adolescent females and 53% in adolescent males, 
while prevalence of HSV-2 infection have been estimated around 15% in adolescent 
females and 12% in males [7].

Despite trichomoniasis represents the most common nonviral STI worldwide 
with an estimated 248 million cases each year, the epidemiology of this infection is 
unclear due to lack of established surveillance programs. Prevalence of this infec-
tion among adolescents in the United States has been estimated around 3%, while 
some studies highlighted rates as high as 14%, with a high rate of reinfection. 
Trichomoniasis among males ranges between 2% in high-risk subjects and 73% 
among partners of infected females [8].
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Reinfection is common in the setting of STIs: studies show that every year 40% 
of new cases of chlamydial and gonococcal infections in adolescent individuals 
occur within few months from a previous diagnosis of the same STI [9]. Since HIV 
transmission among adolescents occurs mainly through the sexual route, the pres-
ence of an STI other than HIV (in particular HSV, syphilis, and trichomoniasis) 
increase the likelihood of HIV transmission and repeated STIs episodes represent a 
risk factor for subsequent acquisition of HIV infection.

11.3  Risk Factors for STIs in Adolescents

Incidence rate of STIs among the adolescent population is particularly high due to 
the presence of peculiar risk factors that can be mainly classified as biological or 
behavioral. From the biological perspective, young women appear to be particularly 
vulnerable to the acquisition of STIs due to specific developmental conditions of the 
genital tract:

• During youth the epithelial lining of the cervix appears immature and predomi-
nantly composed by thin, thus vulnerable, columnar epithelium (cervical 
ectopy).

• Local mucus production at the cervical–vaginal site, that represents an important 
defensive barrier against external pathogens, is reduced during young age in 
respect to what observed in adults. Moreover, studies showed that cervical epi-
thelial cells are major actors of the local innate and adaptive mucosal immune 
response through the expression of Toll-like receptors and the secretion of cyto-
kines, and that the quantitative and qualitative profile of cytokines secretion dif-
fers between young and adult women, although the clinical impact of this 
observation needs to be elucidated [10]. In addition, vaginal microbiome could 
play a role in the risk of STIs acquisition through its ability to modulate local 
inflammation and to compete with pathogens colonization: as an example, 
women with local inflammation due to bacterial vaginosis are three times more 
likely to transmit HIV infection to their partners when compared with women 
which local flora is dominated by acid producers Lactobacilli [11].

Sexual behavior plays a major role in the definition of the risk of STIs acquisi-
tion, especially among the adolescent population [12]:

• The age of sexual debut represents an important risk factor for STIs acquisition. 
Early age is associated with lower perception of the risk of getting infected with 
STIs. Nowadays about 11% of adolescents worldwide start sexual intercourses 
before 15 years old and reduced age at the time of first sexual contact, in particu-
lar before the age of 13, have been independently associated with the presence 
of STIs.

• Time since first sexual contact represents another important risk factor for the 
presence of STIs; the diagnosis of a STI, most commonly chlamydia or HPV, 
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often occurs within the first year of sexual activity with common reinfection epi-
sodes, thus screening programs in adolescents, which are generally not imple-
mented, should start early in life and continue with regular and frequent follow-up.

• Inconsistent use of condoms is frequent among adolescent and represents a 
major risk factor for STIs transmission and acquisition; surveys show that the use 
of condom during oral sex is infrequent among adolescent women, heterosexual 
men, and gay men and that the use of condom is far from being optimal among 
these groups when considering insertive and receptive vaginal intercourses and 
insertive and receptive anal intercourses among gay men, with the exception of 
receptive anal intercourse in women, although the purpose of using condom 
reported among adolescents is prominently for preventing pregnancy rather 
than STIs.

• The use of alcohol and/or drugs with sex is associated with an increased risk of 
STIs; the practice of consuming those substances for sexual contacts reduces the 
perception of the risk and is linked to more frequent unprotected intercourses [13].

• Having multiple sex partners is a risk factor for acquisition of STIs; in multiple 
studies, the number of recent partners, as well as partners during lifetime, have 
been recognized as a risk factor for acquiring sexually transmitted pathogens.

• Sending or receiving sexually explicit messages (“sexting”) and the use of apps 
and social media to find sexual partners are increasing among adolescents; these 
practices have been identified as risk factors for STIs and frequent sexting have 
also been linked with having multiple partners and to unprotected sex. In the set-
ting of STIs in the adult population, the experimental studies showed that social 
networks could offer a resource to screen and control STIs [14, 15].

• As for adults, performing enemas or douching before anal receptive sex could 
tear and inflame the rectal mucosal barrier, thus leading to an increased risk of 
STIs acquisition, especially in the case of unprotected intercourses [16].

• Having sex with a person with a penis is a risk factor for STIs in the adolescent 
female transgender population.

Other recognized risk factors for STIs are as follows:

• Mood disorders (consequently to the increased risk of substances abuse)
• Being in a detention facility
• History of maltreatment or sexual assault
• “Survival sex” (e.g., giving sex in exchange of money, food, shelter, or drugs)
• Street involvement or homelessness

11.4  Screening for STIs in Adolescents

11.4.1  Investigation of Sexual History

The first step to provide high quality STIs-related care is represented by a thorough 
investigation of sexual history and sexual activity of the individual, together with 
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STIs risk assessment; it is fundamental that this evaluation is conducted straightfor-
ward and with a nonjudgmental attitude. A complete sexual history evaluation 
should follow the “five Ps”:

• Partners: Assumption about patient’s sexual orientation should not be made; 
number and gender of patient’s partners should always be investigated (e.g., “In 
recent months how many partners have you had?” “Are your sex partners men, 
women or both?”). Duration of the relationship, condom use, and partner’s risk 
factors should be always included in the interview.

• Practices: The investigation of sexual practices together with condom use will 
guide in assessment of risk for STIs and help identify anatomical sites from 
which to collect specimens to investigate the presence of STIs (e.g., “What kind 
of sexual contact do you have? Genital, anal, oral?” “What kind of sexual contact 
have you had?”).

• Protection: Protection measures adopted by the patient and his partner or part-
ners represents a necessary topic to discuss during the evaluation (e.g., “Do you 
and your partner(s) use any protection against STIs?” “What kind of protection 
do you use against STIs?” “How often do you use protection against STIs?”). 
Knowledge of the perception of STIs risk and adopted protective measures will 
guide the clinician in assessing the need for STIs risk reduction counseling.

• Past history of STIs: If your patient received a diagnosis of STI in the past, he or 
she could be at greater risk for STIs in the present. If your patient have been diag-
nosed with an STI in the past, it is fundamental to get information about when the 
diagnosis was made, the treatment that the patient received, testing for other STIs 
at the time of diagnosis, the presence of recurring symptoms, STIs of the partner 
or partners, and treatments of partner or partners (e.g., “Have you ever been diag-
nosed with an STI? When and how were you treated?” “Have you ever been tested 
for HIV or other STIs?” “Has your partner or former partners ever been diagnosed 
or treated for a STI? Where you tested for the same STI?”).

• Prevention of pregnancy: Assessing the desire of pregnancy or becoming a par-
ent is especially important when caring for adolescents and will guide the clini-
cian in defining the need for counseling about contraception or birth control and 
reduction of STIs risk (e.g., “Are you concerned about getting pregnant or get-
ting your partner pregnant?” “Are you using contraception or practicing birth 
control?”).

Additional questions to evaluate risk for HIV and viral hepatitis should investi-
gate if the patient or partner(s) made current or previous use of injective drugs, if the 
patient or partner(s) ever exchanged money or drugs for sex [17, 18], etc.

11.4.2  Physical Examination

Physical examination represents the second fundamental step in the evaluation of 
STIs, allowing the provider to identify signs related to STIs that the patient might 
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have not noted. During physical examination, physician should pay particular atten-
tion to the skin, oral cavity, pharynx, anogenital area. Presence of ulcerations and/or 
discharge should be carefully assessed. Lymph nodes and neurologic system should 
be also taken into account.

Skin should be thoroughly assessed for the presence of rash, lumps, bumps, 
ulcers, smell, presence of lice in the pubic hair:

• HPV-related anogenital warts represent the most common skin manifestation of 
STIs; most common sites of manifestation are the vulva, anal and perianal skin, 
penis, perineum, groin, and sovrapubic skin. Warts are usually asymptomatic and 
can present as single or multiple lesions with a wide array of size, from 1 mm to 
several centimeters, and appearance: flat, raised, cauliflower shaped, smooth, 
verrucous, pedunculated; color of the lesion can also range from white to hyper-
pigmented. Warts can involve the cervix and anal canal, thus the observation of 
warts on external skin should address to gynecologic evaluation and, in young 
men who have sex with men (YMSM), to investigation of the anal canal prefer-
ably through high-resolution anoscopy [19].

• Primary syphilis is typically characterized by the presence of a not swollen 
and not painful ulcer with raised indurated margins (also known as “chancre”) 
that appears at the site of contact with the pathogen (usually involves penis, 
but can also appear on vaginal, anorectal, or oropharyngeal mucosa). Chancre 
usually resolves spontaneously within 3–6 weeks; weeks to months after the 
resolution of chancre, one out of four subjects shows signs of secondary syph-
ilis which can present as: (i) diffuse and symmetric macular or papular rash on 
trunk and extremities with involvement of palms and soles; (ii) pustular pre-
sentation, less commonly; (iii) wart-like lesion (“condylomata lata”) may also 
be present; (iv) secondary syphilis can occasionally present as “moth eaten” 
alopecia [20].

• Skin manifestations are present in approximately 75% of subjects with dissemi-
nated gonococcal infection; typical lesions are represented by painless pustulae 
or vesicopustulae on the extremities that spontaneously resolve within few days, 
although vesicles, bullae, or nodules can less commonly be present. Lesions are 
usually between 2 and 10 in number. Skin manifestations in the setting of dis-
seminated gonococcal infection can be associated to tenosynovitis and polyar-
thralgia (arthritis–dermatitis syndrome).

• Classic scabies skin lesions are represented by multiple and small erythematous 
papulae often distributed to one or more sites between: fingers, wrists, elbows, 
axillary folds, periareolar skin, umbilical skin, waist, scrotum, penile shaft, 
glans, knees, buttocks, feet. Scabies is characterized by the presence of intense 
pruritus as a result of hypersensitivity reaction to the mite.

• Pruritus also characterizes pubic pediculosis. Diagnosis of pediculosis is made 
by the demonstration of lice or nits. Pubic pediculosis can also involve other 
body areas with hairs. In the case of prolonged infestation, blue macules can be 
observed on the lower part of the abdomen, buttocks, or thighs as a result of 
injection of anticoagulant factors during feeding of the parasite [21].
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Oral cavity and pharynx should be examined when investigating the presence of 
signs of STIs:

• Clinical manifestation of primary syphilis (chancre, previously described) can 
involve the lips, oral mucosa, tongue, or tonsils. Secondary syphilis can cause 
little multiple painless erosions on the surface of the tongue (mucous patches).

• Extragenital gonococcal infection can present as gonococcal pharyngitis. This 
infection is usually asymptomatic or it can cause aspecific manifestations such as 
sore throat and/or cervical lymphadenitis; pharyngeal exudate can be present, 
and it can resemble aphthous stomatitis [22].

• HSV-1 infection, and less commonly HSV-2, typically causes gingivostomatitis 
or pharyngitis. In the first case, manifestations are characterized by the presence 
of painful vesicular lesions that can involve the lips, soft palate, tongue, buccal 
mucosa, the floor of the mouth, or pharyngeal mucosa. HSV pharyngitis is char-
acterized by the presence of pharyngeal edema, tonsillar exudate, and tonsillar 
ulcerative lesions.

• Oral HPV infection has been linked to higher numbers of sex or open mouth 
kissing partners, smoke, and older age; it can be associated to the onset of benign 
warty lesions that can affect tongue or the oral mucosa, the possible presenta-
tions of such lesions can resemble those described in respect to the skin. Focal 
hyperplasia of the oral mucosa, also known as Heck’s disease, can be another 
benign manifestation. HPV infection of the oropharyngeal cavity is also associ-
ated to the onset of squamous cell carcinoma [23].

Genital ulcers are not invariably caused by infectious agents and can be part of 
clinical presentations of systemic diseases such as Beçhet’s disease, inflammatory 
bowel diseases such as Crohn’s disease or can be present as satellite manifestation 
of viral illnesses. Since the presence of genital ulcers increases the risk for STIs, 
subjects with genital ulcerations should be offered testing for the most common 
STIs (syphilis, chlamydia, gonorrhea, HIV) [24]. Characteristics that should always 
be evaluated include number of lesions, presence of pain, presence of urinary symp-
toms (e.g., chlamydial or gonococcal urethritis), presence of systemic symptoms 
(e.g., secondary syphilis or primary HSV infection):

• HSV-2 infection, and less commonly HSV-1, represent the most common cause 
of genital ulcer among adolescent population. The clinical presentation of genital 
HSV infection starts as grouped vesicles with erythema of the surrounding epi-
thelium, vesicles rapidly break causing ulceration. Vesicles can undergo unno-
ticed and ulcer can be the first perceived manifestation. In the case of HSV 
infection, ulcer can be single or multiple.

• Primary syphilis represents a common cause of infectious genital ulceration 
(syphilitic chancre); most often the presentation involves a single lesion.

• The clinical presentation of primary stage of lymphogranuloma venereum (LGV, 
caused by serovars L1, L2, and L3 of Chlamydia trachomatis) is characterized 
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by the onset of a single, painless, and often small genital ulcer in the site of 
inoculation of the causative organism. Since the primary stage is often asymp-
tomatic, patients frequently present when secondary manifestations are present: 
inguinal nodes swelling and eventually rupture (this manifestation is less com-
mon among females), rectal pain, tenesmus, constipation, proctocolitis with rec-
tal discharge, hemorrhagic proctocolitis, rectal inflammatory mass. Although 
often paucisymptomatic, anogenital strictures could represent the presentation of 
secondary stage of LGV. Unrecognized LGV should also be taken into account 
as a possible cause of infertility.

• Chancroid (Haemophilus ducreyi infection) is characterized by the onset of sin-
gle or multiple genital suppurative ulcer that cause pain to the patient. The lesion 
starts as a papule that rapidly progresses to pustule and to ulcer. Ulceration 
caused by Haemophilus ducreyi is usually wider and deeper that syphilitic chan-
cre. It has been estimated that outside endemic areas a proportion as high as 15% 
of genital ulcers can be caused by this pathogen [25].

• Granuloma inguinale (donovanosis) is nowadays rare in Europe and United 
States. It affects the genital area in 90% of cases and inguinal area in 10% of 
cases, although it can rarely affect lips, cheeks, palate, or pharynx. Granuloma 
inguinale most commonly presents as an ulcerogranulomatous disease with 
single or multiple exuberant red ulcers that easily bleed if touched. In other 
cases, it can present with a hypertrophic verrucous, necrotic, or sclerotic 
appearance [26].

Discharge is a characteristic of some STIs, although it might be unnoticed:

• Gonorrhea causes purulent discharge that is usually noted by male patients in 
case of urethritis but it can be unnoticed in women or in the case of gonococcal 
proctitis or pharyngitis.

• Although women with cervicitis due to Mycoplasma genitalium are frequently 
asymptomatic, when symptoms are present mucopurulent discharge represents 
the most common one. Similarly, Mycoplasma genitalium urethritis in men can 
cause purulent or mucopurulent discharge, although is often asymptomatic [27].

• Chlamydial infection of the cervix is often asymptomatic but it can be associated 
to mucopurulent endocervical discharge. Chlamydial urethritis can cause dysuria 
but rarely discharge. In chlamydial proctitis mucopurulent discharge is occasion-
ally observed [28].

• The presence of white, thick, clumpy, and odorless discharge is suggestive of 
Candida vulvovaginitis; discharge is usually associated with burning, dysuria, 
dyspareunia, local erythema, and excoriation.

• Trichomoniasis in women is asymptomatic in around 80% of cases. When symp-
tomatic, thin smelly discharge together with pruritus, burning, dysuria, or dyspa-
reunia can be present. Symptoms tend to worsen during menstruation. Men with 
urethritis caused by Trichomonas vaginalis can infrequently experience mucopu-
rulent discharge and dysuria.
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11.5  Prevention of HIV Risk: Preexposure Prophylaxis

HIV Preexposure Prophylaxis (PrEP) represents a highly effective intervention 
for the prevention of HIV transmission. PrEP is based on the daily administration 
of the combination of tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) or 
tenofovir alafenamide/emtricitabine (TAF/FTC). These medications are often 
used in combination with other antiretroviral drugs to treat HIV-infected indi-
viduals; their administration alone demonstrated preventive efficacy among HIV-
negative subjects at high risk for HIV acquisition. The American Food and Drug 
Administration first approved the daily administration of TDF/FTC as part of the 
strategy to prevent sexual transmission of HIV among high-risk adolescents 
weighing at least 35 kg and recently approved TAF/FTC with the same purpose, 
with the exception of those at risk for acquiring HIV through receptive vaginal 
sex [29]. The efficacy of PrEP among adolescents has been evaluated in two main 
studies that involved, respectively, 67 young MSM aged 15–17 years and 148 
young individuals aged 15–19 years (98 females and 50 males). The efficacy of 
PrEP is dependent upon adherence to treatment and data from these studies high-
lighted that adolescents may benefit from closer follow-up visits during PrEP to 
ensure daily intake of TDF/FTC.  Patient counselling is mandatory before and 
during the course of PrEP. Females should use an effective method of contracep-
tion during PrEP. Periodic testing for HIV and other STIs is mandatory while on 
PrEP (Table  11.1). Several factors can limit the use of PrEP in adolescents, 
among these the most significant could be represented by: the great variability 
between countries or, more often, the complete lack of a legislation on this topic; 
the eventual need for a parental or guardian consent that would imply the disclo-
sure of sexual activity and sexual orientation; physicians may not be comfortable 
with PrEP [30].

Table 11.1 Interventions and screening strategy for individuals on PrEP

First MONTH • Pregnancy test
• Fourth-generation HIV test (HIV ab/ag)
• Counselling on adherence and reduction of sexual behavior risk

EVERY 3 MONTHS • Pregnancy test
• Fourth-generation HIV test (HIV ab/ag)
• Counselling on adherence and reduction of sexual behavior riska

EVERY 6 MONTHS • Estimation of creatinine and glomerular filtration rate
• Screening for STIs

EVERY 12 MONTHS • Evaluation of HIV risk and indication to continue PrEP
aMonthly counselling may be indicated for adolescents to ensure optimal adherence to PrEP
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11.6  Confidentiality in Adolescent Patient–
Physician Relationship

Confidentiality represents a fundamental part of the patient–physician relationship 
and usually involves two actors. On the contrary, when interacting with adolescent 
patients, confidentiality represents a more complicated issue that may involve par-
ents as third actor, which potentially undermines the relationship and confidence 
between adolescent and physician [31]. Studies showed that adolescents are more 
likely to seek for medical care if they are confident that doctor will keep for himself 
the information discussed during visits; on the other hand, concerns about confiden-
tiality could create barriers in the communication between the adolescent patient 
and healthcare provider and discourage the adolescent from seeking medical care 
and counseling. Topics such as sexual health and STIs may easily lead to concerns 
about confidentiality in young patients. Regulations on informed consent and confi-
dentiality are different between countries and physicians should have knowledge of 
laws in their own region [32].

It is important to make a clear statement with the adolescent patient about cir-
cumstances when confidentiality might become conditional and continuous encour-
agement for the patient to directly talk to parents could be important.
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12.1  Introduction

The development of sexuality is a process encompassing the entire arc of life, and it 
is characterized by several bio-psycho-social systems and relational factors [1]. 
However, from a historical point of view, the theory of sexuality by Sigmund Freud 
represents a landmark for all the studies on human sexology.

With a language at its times considered scabrous, the father of psychoanalysis 
centered, into the Three Essays on the Theory of Sexuality (1905) [2], the develop-
ment of human sexuality in the infancy, from the oral phase to genital phase in 
adolescence, and therefore the adult life. The polymorphous perversity character-
izes, in the original Freudian theory, the infantile sexuality, through the separate and 
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peculiar ontological phases named the oral, the anal, and the phallic (Fig. 12.1). The 
journey throughout the three phases may lead to “perverse” and/or bisexual residues 
that may remain in the adult, or genital, final phase. The psychosexological healthy 
adult is one who sublimized (a specific term selected by Freud from physical chem-
istry) his/her perverse residues. On the contrary, both the neurosis or perversion 
(paraphilia, in the modern language) are explained, in the original Freud’s research, 
as fixation or regression to three above-mentioned early phases [3, 4]. Freud, more-
over, identified the sexual instinct on libido, and the relationship between sexual 
development and Ego as central for the development of personality in a normal or a 
pathological pattern.

On the other hand, psychoanalyst Wilhelm Reich pointed out on psychosexologi-
cal development during infancy as a fundamental phase for the formation of 
character.

In the famous book Character Analysis (1933), Reich affirmed that the origin of 
neurosis is due to a familiar and patriarchal education characterized by the repres-
sion of sexuality, highlighting also the central role of Oedipal phase [5] (Fig. 12.2).

For these and other reasons, peculiar attention toward sexual health in the first 
phase of life is fundamental. The adolescence is characterized by several biological, 
anatomical, hormonal, and, therefore, phenotypical changes in males and females. 
Sexuality plays a pivotal role in these bodily changes, as in the development of sec-
ondary sexual characters. Moreover, adolescence is the period of the first relation-
ships and sexual relationships, together with the consolidation of sexual identity. At 
the light of these intrinsic characteristic of the adolescence, it is more correct to 
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Fig. 12.1 Psychosexual 
development Genital 
phase is the last step of 
psychosexual development, 
in which the personality 
and its relational patterns 
are successfully developed. 
According to 
psychodynamic perspective 
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the structuration of a 
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fixation to a previous 
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phallic is indicative of a 
pathological structure of 
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study and eventually treat the sexual and also affective development of individuals 
transiting in this delicate period of life. In this regard, traditional theories consider 
adolescence a controversial phase characterized by an internal dualism of people: 
dependence versus independence, from paternal bonds to intimate and social rela-
tionships [6].

In this period, therefore, biological and psychological factors strongly condition 
the behavior and a psychoendocrine perspective is suitable to better describe adoles-
cents. Hormones and the attachment styles, in fact, play together a central role to 
drive sexual behavior and all related factors.

This chapter describes the main characteristics of sexual behavior, from a normal 
to pathological continuous in the adolescents and young adults, with particular 
attention to the more recent investigations as also to peculiar social phenomena 
regarding sexuality.

12.2  Sexual Dysfunctions in Adolescence

The topic of sexual health in adolescents has rarely been addressed by the scientific 
literature, and even in slightly older (young adult) populations research has been 
extremely narrow in scope, investigating only small parts of sexuality and mostly 

Fig. 12.2 Oedipus Complex (Max Ernst, Oedipus Rex, 1922) Oedipus Complex represents the 
main moment of the internal representation of relational world, and it is fundamental for the con-
stitution of reality exam for the personality. During the Oedipal period, Superego is structured in 
the psychic system as also the internalization of main figures of attachment in terms of femininity 
and masculinity. During the Oedipus phase, child changes from dual relational condition to triadic, 
and this phase is also central for the mating strategies and relational life in the adulthood, as also 
was affirmed by the Attachment Theory [90]
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focusing on the psychological factors involved in sexual dysfunctions. This is sur-
prising given that in most Western countries many adolescents have already had 
their first sexual intercourse by the age of 18: Only 10–40% of young men and 
women have not had intercourse by that time, and this prevalence steadily decreases 
over time, with only 3% and 5% for females and males, respectively, between 25 
and 29 years of age [7]. It has long been established that “early” sexual intercourse 
may lead to severe consequences on quality of life, especially when triggered by 
peer pressure, by partners, or by more complex scenarios, such as coercion [8]. 
Gender differences have also been investigated: Boys often consider their first inter-
course as an “achievement,” whereas girls are seemingly more likely to engage in 
intercourse to strengthen the relationship with their partner [9, 10]. However, the 
precise definition of “early” is uncertain. Several studies have suggested that during 
early and middle adolescence, teenagers are less likely to be “cognitively ready” for 
their first sexual experiences as well as less aware of the potential risks associated 
with unprotected sex [11]. There is a worrying association between risky behaviors, 
such as alcohol and drug use, and both early and unprotected intercourse [12, 13].

An ever-growing body of evidence supports the notion that most sexual dysfunc-
tions occur later in life, as clearly reported by the increasing prevalence of erectile 
dysfunction in elderly men [14] or by sexual symptoms associated with menopause 
[15]. However, sexual dysfunction can occur in adolescents as well. It is not uncom-
mon for adolescents to request a specialist consultation for premature ejaculation, 
painful intercourse, or even difficulty in achieving orgasm, although physicians 
expert in the developmental sexology are very few [16]. It is generally assumed that 
some of these symptoms could be age-dependent: Premature ejaculation is indeed 
more common in adolescents, young adults, and sexually naïve men [17, 18], and 
vulvodynia is similarly highly prevalent in young girls as also primary vaginismus 
[19, 20]. Performance anxiety is among the most common sexual complaints and is 
highly prevalent in subjects who are starting to explore their and their partner’s 
sexuality [21]. Inhibition of sexual desire, premature ejaculation, and erectile dys-
function are common consequences of this condition [21, 22], and they can greatly 
affect sexual function in younger subjects. Additionally, it can be speculated that 
younger subjects are less likely to be able to cope with sexual dysfunction [23], 
resulting in worsened sexual health. Additionally, sexual performance anxiety can 
induce and maintain a “vicious circle” with progressively worsening sexual symp-
toms: in boys as well as in adult men, inadequate erection may lead to shorter time 
to ejaculation, and at the same time the attempts to delay ejaculation may lead to 
reduced control over erectile function.

The high prevalence of psycho-relational, apparently nonorganic risk factors has 
led many clinicians to overlook other possible organic components of sexual dys-
function; however, while undoubtedly several risk factors are closely tied to increas-
ing age, such as endothelial dysfunction and late-onset hypogonadism [24–26] for 
erectile dysfunction, organic risk factors should never be excluded a priori. 
Endocrine disorders, as well as drug-related conditions and cardiovascular diseases, 
can also be observed in young patients, and a careful medical history and physical 
examination are therefore mandatory in any clinical evaluation [14]. In these 
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regards, it is worth remembering that erectile dysfunction, sharing the same risk 
factors, has been recognized as a predictor of cardiovascular disease [27]. In young 
adults, and even more in adolescents, clinicians should never overlook cardiovascu-
lar risk factors or conditions suggestive of cardio-metabolic derangements in sub-
jects complaining of erectile dysfunction, despite their age [28].

Young patients with a history of onco-hematological malignancies deserve an 
additional mention in the context of the assessment of sexual dysfunctions. 
Hypogonadism and infertility occur in these patients once they reach adult age, and 
they frequently also develop sexual dysfunctions, both for the treatment and for the 
psychological burden associated with their medical history [29]. Tailored treatment 
is of utmost importance to provide normal sexual and psychological development, 
and a psycho-sexological approach should always be suggested to maximize the 
treatment potential.

The treatment of sexual dysfunctions in adolescents follows the same steps sug-
gested for adults, starting from the identification and removal of any risk factors or 
health-risk behaviors, such as smoking, alcohol consumption, and drug abuse. Such 
behaviors are common in adolescents: Despite laws restricting, the sale of alcohol 
and tobacco products to underage subjects, a recent nationwide survey endorsed by 
the Italian Ministry of Health and the Italian Society of Andrology and Sexual 
Medicine reported that occasional alcohol consumption is up to 80% of male high 
school students, and 51% of interviewed subjects also reported having tried smok-
ing [12]. Such behaviors are likely to result in impaired sexual development, espe-
cially when they start during adolescence, which is a vulnerable time period for the 
development and maturation of the genitourinary and reproductive tract [30].

Once health-risk behaviors have been ruled out, if the sexual symptoms still per-
sist, drug treatment can be proposed; however, guidelines from different scientific 
societies do not provide any information concerning the benefits or the risks of the 
available treatments in the adolescent population. The absence of any specific indi-
cation does not mean, however, that such treatments are not sought after by young 
subjects. Indeed, despite the lack of any clinical evidence (and often without any 
prescription), recreational use of phosphodiesterase type 5 inhibitors (PDE5i) by 
young, healthy men has been reported in the literature and is seemingly more preva-
lent than expected [31–33]. Several hypotheses can be developed in these regards: 
While it is clearly possible that some of these PDE5i users have reasons to take 
these medications, it has also been suggested that a lack of confidence in erectile 
function once again, possibly due to sexual performance anxiety, could be the main 
determinant for their use [33]. PDE5is are safe for use in children, as proven in trials 
on pulmonary hypertension [34, 35]. As such, it can be assumed that the “physical” 
safety of PDE5i is not an issue in adolescents; although, whether such treatments 
should be considered first-line therapy in underage subjects is a matter open to dis-
cussion. Treating sexual performance anxiety with anxiolytics/antidepressants 
requires caution since some drugs most notably, some GABAergic drugs, selective 
serotonin reuptake inhibitors (SSRIs), monoamine oxidase inhibitors, antidopami-
nergic antipsychotics, and anticonvulsants [21] can have negative effects on erectile 
function. Additionally, most of these drugs have not been extensively investigated in 
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adolescents. Integrating a psychological approach with pharmacological treatment 
is often advised to improve erectile function since the two main components, organic 
and psychogenic, should not be considered two separate entities but rather two sides 
of the same coin [36]. Given the little evidence available for drug treatment, a cau-
tionary approach involving psychological and psychosexual behavioral therapy can 
be suggested as a first-line treatment before eventually administering a PDE5i. 
Concerning premature ejaculation, the only approved oral treatment is dapoxetine 
[37], a SSRI useful for on-demand treatment due to its short half-life and quick 
absorption [38]. Dapoxetine is safe and effective for the treatment of lifelong pre-
mature ejaculation [39, 40], and, as such, it is hypothetically able to improve ejacu-
lation latency times in adolescents, as well. Nevertheless, no studies have been 
designed so far to assess its efficacy and safety in subjects under the age of 18. It can 
be assumed that treating either or both sexual dysfunctions in a young boy could 
provide better outcomes in terms of sexual development by reducing anxiety, with-
out severe side effects [38]. However, on the other hand, the lack of any solid evi-
dence in these regards suggests that any treatment should be carefully evaluated on 
an individual basis. Combination treatment with dapoxetine and psychological and 
psychosexual behavioral therapy is generally considered to provide greater benefits 
to the patient rather than either treatment alone [39, 41]. Whether drug therapy can 
be delayed in favor of behavioral treatment in younger populations is a matter open 
to debate.

12.3  Sexual Dysfunctions in Young Adults

The period of young adulthood is characterized by several psychosocial modifica-
tions, which may impact and determine the future development of the person. If we 
consider all the changes during this important life period (the beginning of indepen-
dency, work position, possible cohabitation or marriage, etc.), we can speculate that 
from a psychological point of view the presence of a sexual dysfunction may repre-
sent an expression of a general psychological disease, generated by different psy-
chosocial and relational stressors, maybe related to the increase in accountability. 
However, this perspective does not consider all organic variables, which may impact 
sexual well-being, also in this specific young timeframe. In fact, it is common to 
think about young people as “immortal” and not subjected to any kind of dysfunc-
tion or disease. Hence, this paragraph aims to deal with both the organic and nonor-
ganic variables bearing on the general male and female psychosexual well-being, 
trying to give to the reader the most possible broader overview on the sexual dys-
functions that characterize young adulthood. When we refer to an organic etiology 
of sexual dysfunctions, we consider all possible organic variables that explain the 
presence of an impaired sexual life. The most impacting organic variable bearing on 
young sexuality is the presence of cancer, whether testicular or breast cancer, which 
is strictly related to sexuality. There are a lot of literature evidences showing as 
cancer diagnosis and cancer treatments worsen patients’ sexual life [42–46]. On the 
other hand, there are a lot of the cancer treatment guaranteeing a high probability of 
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survivorship. For this reason, after the cancer eradication, the clinicians ask about 
the global quality of life, specifically investigating also the quality of sexual func-
tioning. A cancer diagnosis may have an indirect impact on sexuality through a 
psychological reaction toward the same diagnosis and the consequent necessity to 
rearrange her or his global functioning [47]. The “physiological” development in 
the first phases after diagnosis, of a depressive mood, a mood disorder, or an adjust-
ment disorder [48] surely bear on sexual well-being, inducing the person to live a 
low sexual desire, or, in extreme cases, to avoid sexuality [49]. In addition to diag-
nosis, curative treatments also affect sexuality. Recently, studies have indicated 
impaired female sexual functioning in young women after treatment for breast can-
cer and the development of erectile dysfunction in men after treatment for testicular 
cancer [50]. Interestingly, the presence of sexual dysfunctions has also been indi-
cated in survivors of childhood cancer [51]. Hence, in this last case, the impact of 
cancer on sexual well-being is mediated by physical and psychological aspects; in 
particular, for what concerns the physical problems, they are related to surgery side 
effects and late effects of chemotherapy and/or radiation therapy such as vaginal 
dryness/tightness, pain, and fatigue. For what concerns the psychological aspects, 
the patients refer the worry about the interruption of adolescent psychosocial devel-
opment, the altered perceptions of body image, the concerns about fertility, and the 
presence of inadequate clinical support [52]. In addition, the impact of testicular 
cancer on male sexual functioning has also been evaluated in a 5-year follow-up 
study after the interruption of treatment [42]. The authors found that, compared to 
the controls, the study group had lower scores in erectile function, sexual desire, 
intercourse satisfaction, and overall satisfaction in almost all long-term follow-ups 
(from time 0 to 5 years after diagnosis). Beyond cancer, many other organic condi-
tions affect the sexuality of young people and couples. In this phase of life, when is 
presumable to suppose that a reproductive desire has a prerogative on the other life’s 
projects, sexual problems seem to have a central role in determining the general 
personal and couple well-being. In this regard, we can suppose that genito-pelvic 
pain due to endometriosis or vulvodynia in females and premature ejaculation for 
males may play a disruptive role in sexuality and the quality of a relationship.

Endometriosis and the associated dyspareunia affect about 10% of women of 
reproductive age [53], with significant levels of chronic pain in about 50–70% of 
cases. If, on the one hand, a painful sexual experience is a distressing factor for 
females, leading to the avoidance of sexual intercourse in some cases, on the other 
hand, endometriosis seems to induce in male partners greater sexual and relational 
dissatisfaction [53].

The other side of the coin, for what concerns the sexual dysfunctions in the 
young population, may be represented by premature ejaculation (PE). If PE may 
guarantee reproduction, it worsens the quality of one’s sexual life, inducing distress 
in their partner [54], and, specifically, the impossibility to obtain orgasm in the 
female partner. This condition makes this couple asynchronous [55]. For a long 
time, PE has been considered a sexual condition with a psychogenic etiology, espe-
cially for acquired forms [22]. However, literature evidence more frequently shows 
the impact of specific organic variables inducing the development of PE [37, 56]. 
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Among the most accredited variables, there is evidence of the role of genetic diathe-
sis in the central serotoninergic pathway, prostate inflammation/infection, or comor-
bidity with other sexual dysfunctions, such as erectile dysfunction (ED) [37].

During the assessment of any sexual dysfunction, the individuation of specific 
organic variables makes the comprehension of the nature of that symptom clearer. 
Organic and nonorganic etiology is, in fact, often copresent in individuals. However, 
we can reflect on the specific nonorganic etiology of sexual dysfunctions. In the 
literature, we can find specific macro areas, which can be summarized as the follow-
ing: sexual dysfunctions due to another sexual condition (e.g., low sexual desire) 
[57], sexual dysfunctions due to the presence of a psychopathology (mood/anxiety 
disorders, eating disorders, personality disorders) [58], and sexual dysfunctions due 
to relational problems [59] or substance abuse [60]. Among these variables, maybe 
the less intuitive condition in young people is the presence of low sexual desire, 
which, in some cases, assumes the characteristics of a hypoactive sexual desire dis-
order (HSDD). It is a sociocultural belief that young people always desire sexual 
intercourse. However, it is not properly true. Low sexual desire in younger people is 
often present in the comorbidity of another psychopathological problem, which 
may be represented by an anxiety/mood disorder. Alternatively, relational problems 
and the use of hormonal contraceptive birth control pills may also modulate sexual 
desire [61, 62]. For example, the use of combined oral contraceptives does not seem 
to influence sexual desire, but it induces a reduction in sexual frequency [62].

The clinician in the field of sexual medicine should accurately evaluate all pos-
sible variables that explain the presence of a specific sexual dysfunction to establish 
its etiology. In light of the literature, it seems that the best treatment option for all 
sexual problems is a combination of treatments (pharmacotherapy and sex therapy, 
or psychotherapy, if necessary) [41]. In support of this consideration, it is important 
to bring in mind that an organic etiology is always, or almost always, associated 
with a nonorganic etiology. The organic and nonorganic variables generate a vicious 
cycle that may invalidate the treatment tentative if the clinician does not take care of 
both these two aspects. This approach is the basis of the bio-psycho-social model.

12.4  Internet-Related Sexual Disorders in Youths

Some social phenomena also involve sexual behavior in its pathological declina-
tions. In this regard, the use of specific Internet content is related to dysfunctional 
aspects of sexuality; although, only in vulnerability conditions and in more fragile 
personalities Internet use could negatively condition sexual health. Therefore, it is 
necessary to consider the pathological use of the Internet and its impact on sexuality 
as a consequence of primary psychosocial suffering and not a cause.

After this fundamental premise, we mainly focused on four Internet phenomena 
involving sexual behavior of adolescents and young adults: pornography, meeting 
app use, sexting, and sextortion.

With respect to the first phenomenon, it has been demonstrated not substantially 
harmful in the large majority of adult users [63], across the religions and the 
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cultures, men and women as well as young, middle-aged, and mature adults. 
However, some authors have recently found that better quality family bond is asso-
ciated with a lower likelihood of pornography access, and the time spent with one’s 
own parents appears to delay the debut of pornography use in adolescents [64]. 
Serious non-ideologically driven surveys on the possible risks of pornography 
 use in young generations are currently lacking, although some stereotypical models 
of pornography are considered in correlation with gender-based beliefs of 
 sexuality [65].

Another important issue regards violent pornography and its possible association 
with sexual behavior and sexual relationships. Pornography, as every technological 
medium, plays a central role in education and, in many cases, represents a model for 
adolescents where other institutional media is lacking. To date, (wrong) knowledge 
about sex and sexuality is almost totally obtained in the porno context, being laic, 
well-controlled, scientifically sound sex, and affective education (see later) lacking 
in many societies. This severe bias limits prevention strategies also toward violence.

A cross-sectional study suggested that exposure to violent pornography is a pos-
sible risk factor for violent dating among adolescents. Male adolescents who were 
exposed to violent pornography were over three times as likely to perpetrate sexual 
teen violent dating (TDV), while females exposed to violent pornography were over 
one-and-a-half times as likely to perpetrate physical and threatening TDV [66]. 
These findings, coupled to the tremendously large, if not universal, diffusion of 
porno at all ages we are currently facing demonstrated two things: (i) the absence of 
institutional sexual education (and not pornography, even fetishist or violent, itself) 
is most probably and in the vast majority of cases the real offender, the culprit of 
leaving alone the young generations facing wrong information about sexual rights, 
needs, and behaviors; (ii) as the Bordeaux is not producing alcoholism (but the 
alcoholics should not drink Bordeaux), pornography may negatively impact on 
weak personalities primitively predisposed to have dysfunctional behaviors.

Similarly, another risk related to Internet use is addictive personalities and, there-
fore, sexual addiction, hypersexual behaviors, and, more specifically, porn addic-
tion. Porn addiction can be defined as a sexual compulsion when masturbating 
through the viewing of adult content [67, 68]. Individuals suffering from porn 
addiction are completely absorbed by their stereotyped sexual activities to find the 
most self-suitable porn content, dedicating up to several hours per day in research-
ing and viewing the erotic material [67, 68].

Moreover, some evidence has revealed that pornography could indirectly con-
tribute to an early debut of sexual activities in adolescence [69, 70].

Another dark side of porn movies on websites is sexual risk behaviors and lack 
of use of condom. In fact, rarely do porn videos present sexual frames with the use 
of condoms. This specific aspect could also be considered a possible negative exam-
ple to prevent sexually transmitted infections (STIs) among adolescents and young 
adults [71] and further advocate for an intelligent sex education.

On the other hand, when an individual uses pornography on websites, he/she 
plays a passive role, while when the same individual becomes a meeting app (MA) 
user, he/she plays an active role. The MA users tend to find a possible and real 
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sexual partner on the Internet, posting own photos, inserting own characteristics, 
preferences, and hobbies to exalt their own social profile. There exist numerous 
MAs used by many millions of people. The virtual place of MAs represents a con-
temporary way for dating, with sexual scopes in most cases. However, the diffusion 
and use of MAs has both positive and negative consequences on sexual and rela-
tional life. First of all, the main aspect to take into consideration is related to sexual 
health and safe sex. In some specific cases, MA users are more exposed to sexual 
risk behaviors, especially when sexual activities are associated with the use or abuse 
of substance and alcohol in heterosexuals and in males having sex with males 
[72, 73].

These elements should be strongly considered when treating sexuality in adoles-
cents who are using MA for dating. It is also suitable, during the anamnestic pro-
cess, to investigate the possible use of MAs as a fundamental part to know the 
sexual behavior of our young patients. Clinicians assessing sexuality and sexual 
behaviors are obligated to evaluate several factors that concern life and social envi-
ronment, as also the most common deviant behaviors associated with risky sexual 
activities.

However, the use of MAs, in addition to the large use of social networks, repre-
sents a new way to meet and date new people, and interesting research has revealed 
that more than a quarter of real encounters after a match on Tinder, the most used 
among MAs, evolved into committed relationships, confuting the common bias 
about the association between MA use and casual sex [74, 75].

As MA phenomenon is largely diffused and easily accessible to everyone due to 
smartphone use, the more restricted phenomenon of sexting is also strictly related to 
smartphone use. Sexting consists of sending, receiving, or forwarding sexually 
explicit materials with a technological device, generally a smartphone. There exists 
a further subdivision of primary and secondary sexting. Primary sexting is com-
posed of sending sexual materials, such as photos, in a consensual manner between 
two individuals. Secondary sexting is characterized by the forwarding of sex materi-
als beyond the intended recipient [76, 77].

Recent research has demonstrated that the need for popularity is present in both 
types of sexting among adolescents, without gender differences, and no negative 
aspects were found in individuals involved in the short term; although, depressive 
and anger traits are related to secondary sexting in girls [78]. On the other hand, a 
relevant metanalytic study concluded that sexting is associated with mental risk fac-
tors and several dangerous or deviant behaviors, such as a lack of contraception use 
and substance use among younger adolescents [79].

Other relevant problems sometimes related to sexting are revenge porn and sex-
tortion, which are assimilable phenomena characterized by the diffusion of sexual 
content without consent or for the aim of procuring other images, sexual acts, or 
money [80]. A large survey of American youth found that about 5% of students 
reported that they had been the victim of sextortion, highlighting in an empirical 
manner dramatic deviant behavior among adolescents [81]. Other research has 
revealed that almost 60% of victims of sextortion knew the perpetrators, sometimes 
found to be the romantic partners, and about one-third of those who were involved 
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in these deviant acts were threatened with physical assault, demonstrating that sex-
tortion can be considered a violent behavior or a strong risk factor for violence [82].

In light of the Internet-related phenomena described above, that is, pornography, 
MAs, sexting, and sextortion, we found several pathological declinations related to 
the relationship between sexuality and Internet devices. Moreover, there seems to be 
a link between the four described phenomena, but the Internet is only a medium. 
The deviant or pathological use of Internet for the sexual behavior is most likely a 
result of primary problems regarding psychosexological, relational, and social 
health of individuals [83].

12.5  Sex Education

Affective and sexual education traits the emotional, cognitive, physical, social, and 
relational aspects of sexuality. Moreover, affective and sexual education is consid-
ered an important landmark in adolescent and young age, allowing people to acquire 
awareness about their body, their sexual life, and their sexual well-being. The pro-
motion of sex education means guaranteeing sexual rights. The most critical time 
for sexual behavior in adolescence, characterized by body changes, which start in 
puberty [84]. During this period, it is very hard for an adolescent to self-recognize 
when and how their own body changes every day. The first sexual signals, such as 
erection, are something new. Anxiety, fear of making mistakes, and fear of judg-
ment are just a few psychological aspects that could influence sexual intercourse. 
Therefore, importance of sexual education becomes stronger in a particular popula-
tion at risk. For example, it has been shown that young men who have sex with men 
usually have inappropriate sexual habits and this has a strong impact on HIV trans-
mission among this subpopulation; good use of sex education for these young peo-
ple was effectively associated a reduction in risky sexual behavior and risky habits 
[78]. Sexual education can help alleviate sexual dysfunctions. In fact, an interesting 
study demonstrated improvement in women with sexual desire disorders, with an 
increase in sexual health after 6 weeks [85]. In general, young people are more pro-
tected during sexual intercourse if they have acquired the needed social skills to 
approach romantic and sexual relationships, which are developed through sexual 
expertise [80]. Adolescents spend the biggest part of their time at school. For this 
reason, this is the best place for affective and sexuality education [86]. Unfortunately, 
sex education is not regularly taught in all countries. The role of the family, which 
should be considered essential, could be more dangerous than useful for the young’s 
psychosexual development, particularly in the environments lacking institutional 
sex education. It is, in fact, far of being easy the honest, open dialogue, without 
prejudices and taboo which is the assumption of a domestic sex education [84]. To 
date, the Internet is the main source of sexual information for adolescents, with 
negative and positive impacts on sexuality. It is the most common research engine 
to obtain medical information, and it is characterized by the so called “Triple A”: 
Accessibility, Access, Anonymity [87]. In recent years, surfing the web for sexual 
activity has become normal and ordinary, with peculiarities associated with age and 
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gender difference, and adolescents are exposed to greater risk. Acceptance and 
sense of belonging are essential for adolescents, and web and social networks can 
give the (fake) impression that they are part of a large community where they can be 
whoever they want; the different, the disable, and the outcast do not exist behind 
fake social media profiles, but instead, all is possible. Lesbian, gay, bisexual, and 
transgender (LGBT) people prefer this hidden aspect of the Internet, especially to 
establish dates and occasional relationships. In a nonvirtual reality, LGBT people 
are forced to come out, where they are submitted to strong prejudice. At the same 
time, sexting and pornographic material has grown. Sexting, as previously stated, 
can represent a significant problem when the exchange is not authorized, especially 
when users are minor. Pornography, instead, is not always negative. In fact, pornog-
raphy allows one to better understand own body and sexual intercourse. The search 
for sexual information on the web demonstrates that the quality can be lacking, but, 
on the other hand, young people can critically evaluate and check this information 
[88]. A valid sex education program should improve cognitive, emotional, and rela-
tional skills to promote responsible and positive behavior. The World Health 
Organization [89] identifies the following 10 life skills: The emotive area involves 
empathy, self-awareness, emotion management, and stress management; the rela-
tional area involves effective communication and skills for interpersonal relation-
ships; and the cognitive area involves decision-making, problem-solving, critical 
sense, and creativity. It is necessary to improve socio-emotive skills, increasing self- 
esteem, decision-making, and problem-solving. Intended as an important and strong 
prevention tool, sexual education promotes sexuality as a positive element of human 
potential and as a source of enrichment for the intimate relationships that people 
experience. In this regard, a major attention toward the role of social media also for 
the sex education could be considered a current challenge of studies in for the sex-
ual health.

12.6  Conclusions

Sexuality in adolescence represents a delicate aspect of life for several reasons and, 
therefore, clinicians should be very careful to assess the sexual function and behav-
ior in adolescents. Healthcare professionals, physicians, and educators should con-
siderate the peculiar aspects of the sexuality of the young patients because sexual 
health strictly depends on lifestyles and general health. In general, sexuality can be, 
in fact, considered an optimal indicator of psychophysical wellness [1], and when 
there exists a psychological or medical problem, also sexual function suffers about 
this. However, also the social conditions influence sexual behavior, and therefore 
systems, or bio-psycho-social approach is always indispensable when assessing or 
treating sexuality, above all in adolescents and in young. If the sexual dysfunctions 
and sexual disorders can be considered as a central aspect for youth with this prob-
lem, also other behaviors linked to the relationship between sexuality and new tech-
nologies, as some aspects related to Internet use, should be seriously taken into 
consideration.
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In conclusion, major attention on juvenile sexuality is necessary, as well as a 
major collaboration between health and education institutions. Reproductive and 
Sexual health is a central part of public health and it represents both a medical and 
a social challenge for contemporary society.
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13.1  General Introduction

Testicular tumours comprise a number of neoplasms that differ significantly from 
each other with regard to the cell of origin, pathogenesis, typical age at presenta-
tion and incidence, histology, and clinical course. This huge variety and heteroge-
neity of phenotypes constitutes a diagnostic conundrum. In most cases the diagnosis 
depends on the histological evaluation of the tumour tissue and must be supported 
by specific biological markers. As presented in this review, careful diagnosis is 
essential for choosing the most appropriate treatment modality. In addition, tes-
ticular cancer occurs predominantly at a young age, hence reproductive issues and 
endocrine late effects are of particular importance. The contribution of androlo-
gists and endocrinologists to the management of young cancer patients, who are 
usually under the care of urologists and oncologists, is therefore essential, espe-
cially concerning fertility issues, possible hypogonadism and sexual function. 
These issues are the focus of this review.
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13.2  Histopathology, Biological Features, 
and Diagnostic Markers

The testis is a complex organ and comprises several different cell types that can give 
rise to a tumour. The most important distinction is the cell of origin: the most com-
mon are testicular germ cell tumours (TGCTs), but there are also numerous tumour 
types that originate from testicular somatic cells, grouped under the name of sex 
cord–stromal tumours. The most recent classification of testicular malignancies, 
which was substantially revised by the World Health Organization in 2016 [1], is 
presented in Table 13.1. The tumour types that occur predominantly in children and 
adolescents are highlighted.

13.2.1  Testicular Germ Cell Tumours

TGCTs are the most common tumours in the testis and can occur at any age [2]. 
During childhood and extended adolescence—from birth to 18 years of age—the 
distribution of TGCTs is bimodal, with a small peak in infants and toddlers, then a 
quiescent period, followed by a sharply rising incidence coinciding with puberty 
[3, 4]. Hence, 11 years has been suggested as a cut-off age for clinical studies [3], 
although in older publications the cut-off age was often 14–15, or even 18. The bulk 
(more than 90%) of TGCT cases occur in post-pubertal adolescents and young 
adults, usually in the age interval between 15 and 45 years, but these tumours can 
also occur in older men. Importantly, these common TGCTs are associated with a 
pre-malignant precursor lesion, the germ cell neoplasia in situ, GCNIS [5]. A third, 
very rare TGCT type, the spermatocytic tumour, which is derived from post-puber-
tal spermatogonia, never occurs in children and adolescents (median age of diagno-
sis >50 years) [2, 6]. Because of the focus on young patients, the spermatocytic 
tumour will not be discussed in this review.

13.2.1.1  Childhood/Paediatric/Infantile TGCTs
Childhood TGCTs typically occur at the age interval of 0–4 years, with occasional 
cases up to 6 years, and the incidence of these tumours has been stable over last 
decades [7]. No specific risk factors have been identified. Importantly, the child-
hood TGCTs are not associated with GCNIS [8], and  – in contrast to GCNIS- 
associated post-pubertal TGCTs, in the tumour karyotype there is no isochromosome 
12p, which is pathognomonic for TGCTs in adolescents [9]. These distinct biologi-
cal features are consistent with a different pathogenesis of childhood TGCTs. Most 
likely, there is an underlying gene defect causing disturbed differentiation of pri-
mordial germ cells, but the mechanisms of malignant transformation remain 
unknown [10, 11].

The most common paediatric TGCT is mature teratoma, including dermoid and 
epidermoid cysts (40–50%), followed by pure yolk sac tumour (YST) (10–15%) 
[12]. The two types can also occur mixed together. Histological features of child-
hood TGCTs are generally similar to the post-pubertal equivalents, but with some 
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• Germ cell tumours derived from germ cell neoplasia in situ (GCNIS)
Non-invasive neoplasia

Germ cell neoplasia in situ
Specific forms of intratubular germ cell neoplasia

Pure tumours
Seminoma
Non-seminomatous germ cell tumours

• Embryonal carcinoma
• Yolk sac-tumour, post-pubertal type
• Trophoblastic tumours

Choriocarcinoma
Placental site trophoblastic tumour
Epithelioid trophoblastic tumour
Cystic trophoblastic tumour

• Teratoma, post-pubertal type
• Teratoma with somatic-type malignancy

Non-seminomatous germ cell tumours of more than one type (mixed)
• Germ cell tumours unrelated to GCNIS

Spermatocytic tumour
Teratoma, prepubertal-type

Dermoid cyst
Epidermoid cyst
Monodermal teratoma(differentiated neuroendocrine tumour)

Mixed teratoma and yolk sac tumour, prepubertal-type 
Yolk sac tumour, prepubertal-type

• Sex cord-stromal tumours
Pure tumours

Leydig cell tumour
• Malignant Leydig cell tumour

Sertoli cell tumours
• Sertoli cell tumour, NOS
• Malignant Sertoli cell tumour
• Large cell calcifying Sertoli cell tumour 
• Intratubular large cell hyalinizing Sertoli cell neoplasia

Granulosa cell tumour
• Adult granulosa cell tumour
• Juvenile granulosa cell tumour

Tumours in the fibroma-thecoma group
Mixed and unclassified sex cord-stromal tumours

• Tumour containing both germ cell and sex cord-stromal elements
Gonadoblastoma

• Miscellaneous tumours of the testis
Ovarian epithelial-type tumours 
Juvenile xanthogranuloma
Haemangioma

• Haematolymphoid tumours
Diffuse large B-cell lymphoma
Follicular lymphoma, NOS
Extranodal NK/T-cell lymphoma, nasal-type
Plasmacytoma
Myeloid sarcoma
Rosai-Dorfman disease (sinus histiocytosis)

• Tumours of collecting duct and rete testis
Adenoma
Adenocarcinoma

Table 13.1 WHO 2016 classification of tumours of the testis [1]

Tumours that occur in children and adolescents are highlighted in yellow; the tumours that occur 
predominantly in young pre-pubertal boys are underlined. Tumours never reported in children are 
shaded in grey. Very rare subtypes of unclassified and miscellaneous tumours are not listed. NOS: 
not otherwise specified
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distinct features [13]. Childhood-like teratomas, without GCNIS, can apparently 
also occur in older adolescents or young adults but these cases are very rare [14].

Teratomas of pre-pubertal type are usually unilateral, have benign clinical 
course and do not metastasize. The tumours contain well differentiated somatic tis-
sues, including ectodermal, mesenchymal, and endodermal subtypes, and cellular 
atypia is absent. Dermoid and epidermoid cysts have specialized skin-like organoid 
appearance, often with hair follicles and squamous epithelium. Diagnosis is based 
on the histology and absence of serum markers typical for other tumour types, and 
there are no specific immunohistochemical markers.

Yolk sac tumour (YST) of pre-pubertal type, previously called endodermal sinus 
tumour, usually occurs in young children, with the peak incidence in the second 
year of life. YST usually occurs in a pure form and resembles morphologically 
extra-embryonic structures, with typical microcystic, glandular, perivascular, papil-
lary, solid, or vitelline patterns. In contrast to teratoma, YST has malignant features, 
often with haemorrhage and necrotic areas, and the tumours can metastasize. This 
tumour has to be differentiated from juvenile granulosa cell tumour, which can have 
a similar morphological appearance. The most helpful in differential diagnosis is 
serum α-fetoprotein (AFP), an embryonic glycoprotein, produced first by the yolk 
sac and later mainly by the foetal liver [15]. Histopathological diagnosis of the 
tumour tissue should also be supported by immunohistochemical staining for AFP, 
which is a pathognomonic marker, with SALL4 staining as another useful marker in 
childhood YST [16].

13.2.1.2  TGCTs of Adolescents and Young Adults
These are the most common tumours, also known as TGCTs type II, which start 
appearing in adolescents at late puberty, from around 15 years onward. A special 
feature of the pathogenesis of TGCTs of adolescents and young adults is that these 
tumours are derived from a precursor lesion, currently termed GCNIS and previ-
ously known as carcinoma in situ testis [5, 13]. GCNIS cells are considered trans-
formed foetal gonocytes and GCNIS-derived tumours have been associated with 
testicular dysgenesis syndrome (TDS), which comprises disorders with a link to 
disturbed early gonadal development [17]. Hence, it is important to be aware of the 
possible incipient testicular malignancy in children and adolescents with specific 
high-risk conditions. A high risk of malignancy is associated with disorders of sex 
development (DSD), previously termed the intersex syndrome, and specifically with 
those that contain some Y chromosome material, thus allowing testicular develop-
ment. Among the DSD disorders, the greatest risk of TGCT is in phenotypic males 
with mixed gonadal dysgenesis (45,X/46,XY) and with partial androgen insensitiv-
ity syndrome (AIS), usually caused by mutations in the androgen receptor gene 
(AR) or in the downstream signalling pathway [18–20]. TDS disorders identified in 
early childhood (usually at birth) include undescended testis (cryptorchidism) and 
hypospadias, and these common disorders partly overlap with DSD, as the latter 
often present with genital malformations [17, 19]. Cryptorchidism is the strongest 
known risk factor for testicular cancer with a relative risk for TGCT in patients with 
a history of cryptorchidism estimated as fourfold to sixfold [21]. The relative risk is 
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greatest in the undescended testis (RR = 6.3) but is also slightly increased in the 
normally descended testis in males with unilateral cryptorchidism [22]. Some data 
suggested that orchidopexy before puberty can lower the risk of TGCT [23, 24], but 
other studies did not confirm this [25, 26].

The incidence of TGCT derived from GCNIS has been increasing worldwide, 
predominantly among white populations, but with changing temporal trends clearly 
suggestive of the primary importance of environmental factors [27]. The aetiology 
behind this rise remains unknown, but the epidemiological and biological evidence 
implicates factors acting early in life and disturbing the development of immature 
germ cells [17, 28]. Despite a predominantly environmental pathogenesis, testicular 
cancer has a relatively high heritability and familial risk, which is greater for the 
brothers (eightfold to tenfold) than the sons (fourfold to sixfold) [29]. The genetic 
predisposition is complex and polygenic, without specific oncogenic driver muta-
tions, but instead a constellation of numerous predisposing variants, among which 
KITLG is the strongest [30]. Genetic features of the tumours are also complex, with 
polyploidization (hypotetraploidy) and amplification of 12p, often in the form of 
isochromosome 12p, as the most consistent features [31, 32].

TGCTs of adolescents and young adults are divided into two main groups; semi-
noma and non-seminoma; the latter being a histologically heterogeneous group of 
tumours, comprising pure or mixed components of embryonal carcinoma (EC), 
teratoma (post-pubertal type), yolk sac tumour (YST post-pubertal type) and cho-
riocarcinoma (CHC) [2, 13]. In some patients TGCTs contain mixed seminoma and 
non-seminoma types, and these tumours should be clinically classified as non- 
seminomas. In adolescent boys, a mixed non-seminoma is the most frequent tumour 
type, with relatively greater proportions of pure EC and CHC, but seminoma can 
also occur [33]. Only rarely these tumours can be detected at the precursor stage of 
GCNIS, usually in patients from risk groups, including infertility or history of crypt-
orchidism. Tubules with GCNIS cells have characteristic appearance with GCNIS 
cells located in the place of spermatogonia, and these tubules contain usually only 
Sertoli cells, which can be normal or have immature appearance. Occasionally, 
microcalcifications can be seen inside or outside tubules. GCNIS cells are larger 
than spermatogonia; have abundant cytoplasm; and have characteristic large nuclei 
with irregular clumps of chromatin [5].

Morphological heterogeneity of TGCTs requires careful histological assessment 
of the tumour and the adjacent testicular parenchyma, which usually harbours GCNIS 
and often other dysgenetic features, such as poorly differentiated tubules, immature 
Sertoli cells, and microcalcifications. In DSD and dysgenetic cases, gonadoblastoma 
can be present, a lesion similar to GCNIS but with the presence of undifferentiated 
somatic cells, resembling foetal Sertoli cells or granulosa cells [19]. See also the 
description of gonadoblastoma in section ‘Other tumours’. Early seminoma can grow 
intratubularly or microinvasive tumour spread can be seen. Overt seminoma is a 
homogeneous tumour, with cells morphologically similar to GCNIS cells. One of the 
characteristic features of seminoma is a prominent lymphocytic infiltrate [34, 35].

There is a range of IHC markers that have been well studied and validated for 
the identification of practically all tumour subtypes and histological components 
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Fig. 13.1 Examples of typical histology and selected IHC markers of testicular tumours which 
occur in children and adolescents. Scale bar = 100 μm. (a) Mature teratoma with well-differenti-
ated epidermoid (left) and cartilage-like tissue (right), (b) Yolk sac tumour stained for AFP, (c, d) 
Germ cell neoplasia in situ (GCNIS) in a 13-year-old boy with mixed gonadal dysgenesis 
(45,X/46,XY), in (d) GCNIS cells visualised with PLAP, (e) Seminoma with a few GCNIS tubules, 
malignant cells marked by nuclear expression of OCT4, (f) Embryonal carcinoma (EC) component 
of a nonseminomatous tumour, EC cells positive for SOX2, (g) Leydig cell tumour in a 7.5-year 
old boy, with tumour cells showing heterogeneous staining for INSL3 in image (h)

A. M. Isidori et al.



235

that occur in children and adolescents [36], some examples are showed in Fig. 13.1. 
GCNIS and seminoma have the transcriptome and immunohistochemical marker 
profile very similar to foetal gonocytes, hence facilitating diagnosis in the testis tis-
sue [37]. The most robust and clinically applicable IHC markers for GCNIS and 
seminoma include embryonic pluripotency factors: OCT4 [38, 39], NANOG [40, 
41], LIN28 [42], and other immature germ cell markers: placental-like alkaline 
phosphatase (PLAP) [43]; AP-2 gamma/TFAP2C [44] and podoplanin (PDPN, 
D2–40 antigen) [45, 46]. Regarding PDPN, it is important to remember that protein 
is also a marker of the lymphatic vessels, and immature Sertoli cells, present in the 
prepubertal testis [45].

Non-seminomas are morphologically very heterogeneous but contain some typi-
cal histological features, and detection of different components is helped by IHC 
markers. Post-pubertal YST has the same morphology and expression profile as the 
pre-pubertal type, with AFP as the best marker, and Glypican-3 (GPC3) and SALL4 
as additional IHC markers [11, 16, 47]. Above-mentioned pluripotency markers 
OCT4 and NANOG are useful for recognition of EC, but to distinguish it from semi-
noma, additional markers specific for EC are needed (e.g. CD30 [48] or SOX2 [49]). 
Teratomas, both mature and immature forms, contain somatically differentiated com-
ponents for which no specific markers exist, therefore the diagnosis is based on mor-
phological features and the absence of elevation of serum markers. Differentiated 
somatic elements within teratomas have expression profiles of various tissue lineages 
and no longer express pluripotency factors or germ cell–specific genes. CHC resem-
bles foetal trophoblast and secretes β-hCG, which is measurable in serum and can be 
detected in tissues by IHC [13]. It is important to remember that seminoma in 10–20% 
of cases can contain syncytiotrophoblastic cells which are detected by IHC for β-hCG.

13.2.2  Sex Cord–Stromal Tumours

Tumours arising from testicular somatic cells are collectively known as sex cord–
stromal tumours, and comprise a heterogeneous group of neoplasms [13]. In pre- 
pubertal children, gonadal stromal cell tumours are relatively more common than in 
adults and represent around 8–15% of all TGCTs, being is the second largest group 
after TGCTs [12, 50]. Among them the most common are Leydig and Sertoli cell 
tumours, granulosa cell tumour, and pure stromal tumour. Some types of tumours 
derived from Sertoli cells can be a part of rare cancer syndromes.

13.2.2.1  Leydig Cell Tumours
Leydig cell tumours (LCTs) are the most common sex cord–stromal tumours of the 
testis and account for approximately 3% of all testicular neoplasms in recent series [51–
54]. LCTs show a wide age range at presentation, with one peak in childhood (5–10 years, 
mean 70 months) and a second peak in adulthood (20–50 years) [55–57].

In children and adolescents LCTs often manifest as small functional tumours, 
which may present with isosexual gonadotropin-independent precocious puberty 
caused by androgen excess and sometimes with gynecomastia due to oestrogen 
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production. The clinical picture can also comprise accelerated skeletal growth and 
advanced bone age, increased penis size, or premature isolated pubarche, while 
impotence or loss of libido has been reported in some young men. These symptoms 
often prompt further investigations thus leading to diagnosis, although a number of 
LCTs are found incidentally at ultrasound (US) examinations performed for other 
indications [58]. A history of ipsilateral cryptorchidism or testicular hypotrophy 
may be present in some cases; therefore, TDS has been hypothesized to be associ-
ated with LCT predisposition [59–61]. A higher frequency of LCTs is also encoun-
tered in children with activating mutations of the luteinizing hormone (LH) receptor, 
in adult patients referred for infertility, in Klinefelter syndrome (alongside with 
Leydig cell hyperplasia) and in patients with germline fumarate hydratase (N64T) 
mutation, hereditary leiomyomatosis and renal cell carcinoma [62, 63]. Somatic 
activating mutation (R201S) in GNAS is occasionally encountered in LCTs and is 
thought to result in tumour development, inhibin alpha overexpression and hyperac-
tivity of the testosterone biosynthetic pathway [64].

While malignant, locally invasive and metastasizing LCTs have been reported in 
literature with a frequency of around 10%, no such cases have been reported in 
children and adolescents [55, 56, 60].

LCTs usually appear as circumscribed lesions, with a mean diameter of approxi-
mately 1  cm and most frequently present as unilateral non-palpable lesions [59, 
65–68]. Multifocal cases can be encountered and are especially frequent in 
Klinefelter syndrome.

These neoplasms appear to be often encapsulated, less than 5  cm in size and 
homogeneously yellow or golden brown. Growth pattern is usually diffuse [69, 70] 
and the neoplastic element is commonly represented by medium to large round or 
polygonal cells with abundant granular eosinophilic cytoplasm [71]. Cells may 
appear vacuolated, with some presenting as multinucleated. Intracytoplasmatic, 
nuclear, or extracellular Reinke crystals, a pathognomonic feature, are present in 
only 25% of cases. Mitoses are rare, mild nuclear atypia is not uncommon and 
psammoma bodies are occasionally present.

Malignant forms of LCT are characterized by the presence of at least two among 
the following features: frequent mitoses (>3/10 HPF), necrosis, significant cytologi-
cal atypia, size greater than 5 cm, vascular invasion, an infiltrative margin or exten-
sion beyond the testis and aneuploidy [69, 72–75].

Cytology is rarely performed as no cytological feature allows to discriminate 
between LCTs and Leydig cell hyperplasia, nor benign from malignant LCTs [76]. 
On IHC, LCTs usually test positive for inhibin, calretinin, Melan A, vimentin and 
WT1, androgen and other steroid hormones, SF-1 (nuclear staining), chromogranin 
(in >90% of cases), synaptophysin (in 70% of cases), and CD99 (membranous 
staining); conversely they stain negative for nuclear β-catenin, the epithelial mem-
brane antigen (EMA), and SALL4 [77–80].

Some notable differential diagnoses for LCTs include Leydig cell hyperplasia, 
which presents as a nodular growth pattern with nodules <0.5 cm and is often bilat-
eral or multifocal; seminoma, which unlike LCTs presents intratubular germ cell 
involvement, lymphocytic infiltrate, fibrous septae and a different staining profile; 
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testicular adrenal rest tumours (TARTs) in congenital adrenal hyperplasia (CAH) 
patients, which are usually bilateral, accompanied by an endocrine profile with high 
ACTH and 17αOH-progesterone levels and usually show regression after medical 
therapy [81–84] and large cell calcifying Sertoli cell tumour (SCT), which is associ-
ated with Carney syndrome and shows extensive calcification with variable tubular 
or intratubular growth [13].

13.2.2.2  Sertoli Cell Tumours
SCTs are less common than LCTs, and account for only 1% of all testicular tumours. 
The most common presentation is with a testicular mass (58% of cases) or testicular 
enlargement (31% of cases), usually not associated with scrotal pain (89% of cases). 
They are less likely to be hormonally active, but gynaecomastia has been described 
(15% of cases). Incidental finding during US examination for other reasons, or dur-
ing work-up for hydrocele, infertility, varicocele, or abdominal pain is rare (<5% 
altogether) [85].

Although historically approximately one-third of SCT cases has been reported in 
children, this figure may have included juvenile granulosa cell tumours and a more 
recent estimate of the median age at diagnosis of cases reported in literature 
(n = 435) attests to 29 years (range 0.8–86 years); as such SCTs are rare in child-
hood and quite uncommon during adolescence [85–87].

Two histological variants are recognized by the WHO: The large-cell calcifying 
SCT (23% of cases), which can occur sporadically or in association with Carney 
complex, and the intratubular large cell hyalinizing Sertoli cell neoplasia (2% of 
cases), which has been linked to Peutz–Jeghers syndrome [1]. Large-cell calcifying 
SCTs are frequently bilateral and multifocal when they occur on an inherited basis; 
being linked to Carney complex (harbouring a distinct germline PRKAR1A muta-
tion) they frequently present in patients affected by cardiac myxomas, spotty skin 
hyperpigmentation, and primary pigmented nodular adrenocortical disease. 
Intratubular large-cell hyalinizing Sertoli cell neoplasias are linked to Peutz–
Jeghers syndrome (harbouring a characteristic germline mutation in STK11) and are 
often associated with gynecomastia, bilateral and multifocal. Outside of genetic 
conditions, the most frequently encountered somatic mutation in benign SCTs is in 
the CTNNB1 gene [88].

Malignant forms account for around 10% of all cases, although they have never 
been described in childhood. SCTs may occur more frequently in undescended tes-
tes and in patients with complete or partial androgen insensitivity syndrome (AIS) 
as well as in Klinefelter syndrome [89].

These neoplasms appear as little nodules of fibrous consistency, with a homog-
enously greyish-white to yellow appearance. Necrosis is uncommon, while haemor-
rhages can be seen. Neoplastic elements are arranged in trabeculae forming 
ribbon- and tubule-like structures. Cytoplasm appears eosinophilic to vacuolated for 
the presence of lipids. Tumour cells appear as uniform and round, with oval elon-
gated nuclei; mild nuclear atypia and pleomorphism may be encountered. Fibrous 
stroma is present, although in absence of inflammatory cells, and containing blood 
vessels. Calcifications are present in the stroma in a quarter of cases, usually minor 
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in extension. Mitoses are uncommon [85]. Large-cell calcifying SCT present Sertoli 
cells with abundant eosinophilic cytoplasm and a variable number of calcifications. 
Intratubular large-cell hyalinizing Sertoli cell neoplasia presents with almost exclu-
sive intratubular Sertoli cells proliferation with eosinophilic cytoplasm.

Malignant forms have been traditionally identified by the presence of at least two 
among the following: size greater than 5 cm, frequent mitoses (>5/10 HPF), nuclear 
pleomorphism with presence of nucleoli, vascular invasion, and necrosis [90]. Recently, 
additional risk factors for metastatic disease at staging or follow-up have been identi-
fied: age >27.5 years, tumour diameter >2.4 cm, presence of necrosis, extension to the 
spermatic cord, angiolymphatic invasion, and a high mitotic index [85].

SCTs frequently lack a specific IHC marker, although the cells variably stain 
positive for: cytokeratin, nuclear β-catenin, vimentin, inhibin, and S100; staining 
for chromogranin, synaptophysin, and CD99 is inconsistent, while cells stain nega-
tive for: AFP, β-hCG, and PLAP [54, 80, 91].

Occasionally a SCT may be mistaken for a juvenile granulosa cell tumour, which 
however grows in a follicular rather than tubular pattern; seminoma, which presents 
a different growth pattern, inflammatory elements in the stroma, granulomas, and a 
different staining pattern; distant metastases from epithelial cancers.

13.2.2.3  Other Tumours
The granulosa cell tumour category includes adult and juvenile variants, both of 
which appear morphologically similar to their ovarian counterparts, with the latter 
being more frequent. Juvenile granulosa cell tumours are the most common 
tumours of the testis in the first 6 months of life (mean age 1.5 months) and are rare 
outside of childhood. They usually show solid and follicular growth patterns with 
tumour cells characterized by immature nuclei, which stain positively for inhibin 
and CD99 [91, 92] and may occur in cryptorchid testes or dysgenetic gonads (with 
Y chromosome structural abnormalities reported in some cases). It is considered a 
benign entity, hormonally inactive, with no metastatic cases reported in this age 
group. Adult granulosa cell tumours occur in a broader age range, from teenagers 
to elderly individuals, and are composed of small cells with pale nuclei, often show-
ing grooves, that typically grow in sheets in a fibrocollagenous or oedematous back-
ground. No known epidemiological associations exist for them.

A mixed tumour containing both germ cells and sex cord–stromal elements is 
termed gonadoblastoma. It is mostly observed post-pubertally (and under the age of 
20), is rarely associated with androgen production, and is bilateral in approximately 
one-third of cases (mostly in DSD gonads) [56]. Undescended abdominal testes are 
at risk for gonadoblastoma development [93, 94]. Morphologically it comprises 
discrete, round nests of germ cells (resembling GCNIS, seminoma cells or large 
spermatogonia) and small sex cord–stromal cells resembling immature Sertoli or 
granulosa cells. If left untreated, it will progress to seminoma in approximately 50% 
of cases and to a non-seminomatous tumour in around 8% of cases. A precursor 
lesion to gonadoblastoma, termed undifferentiated gonadal tissue, is often observed 
adjacent to it in DSD gonads [54].

Ovarian epithelial-type tumours include tumours resembling the homonymous 
surface ovarian epithelial tumours. They have been reported in adolescent to adult 
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patients. Serous borderline tumours are the most frequent, followed by mucinous 
tumours. Unlike what is seen with carcinomas, no metastases or recurrences have 
been observed with borderline tumours [54, 95].

Juvenile xanthogranuloma is a rare neoplastic histiocytic disorder occurring in 
children <13  months, capable of extending beyond the testis and composed of 
mononuclear histiocyte-like cells, growing in a diffuse and infiltrative pattern, posi-
tive for CD68 and S100.

Testicular haemangioma is a rare vascular tumour occurring from infants to 
adults. It presents as a small and circumscribed lesion showing an invariably benign 
behaviour.

13.3  Clinical Management of Testicular Tumours

13.3.1  Diagnostic Procedures

Any enlargement of a testicle requires careful and comprehensive diagnostic work-
 up, first to exclude possible malignancy, and subsequently for a recognition of the 
tumour type, which is essential for proper management and staging. Overt testicular 
tumours are usually easy to recognize because of their location and are often 
reported by the patients themselves or parents of young boys. Differential diagnosis 
of testicular tumours includes a variety of approaches that comprise careful anam-
nesis to establish possible family history, physical examination, scrotal and extrago-
nadal imaging, measurements of serum markers, hormone profiles and tumour 
histology, which together are used to select the most appropriate management.

13.3.1.1  Imaging
Ultrasound (US) is the most common technique for the evaluation of testiculare 
tumours. US examination major aid consists in its ability to distinguish intratesticu-
lar from extratesticular lesions with a 98–100% accuracy [96], as most extratesticu-
lar masses are benign in nature, while intratesticular masses are more likely to be 
malignant [97, 98]. Intratesticular masses can be then categorized as solid, cystic, or 
mixed lesions: cystic lesions usually being benign, and solid and mixed lesions, 
with few exceptions, usually neoplastic in nature. Their US appearance reflects 
gross morphology and histological characteristics. Most malignant testicular 
tumours prove to be hypoechoic to the surrounding testicular parenchyma, although 
a number of benign intratesticular processes can mimic malignancy. Some tumours 
are heterogeneous and can be partially cystic. Focal changes within tumours—such 
as haemorrhage, necrosis, calcification, or fatty changes—all produce areas of 
increased echogenicity and confer a heterogeneous appearance to these lesions. In a 
hypoechoic testis, such as a prepubertal or atrophic testis, tumours can be isoechoic 
to surrounding parenchyma. In these cases, colour Doppler ultrasound (CDU) and 
power Doppler US prove to be useful. Flow studies demonstrate increased vascular-
ity in most malignant tumours and help to better define testicular involvement, mar-
gins, cystic degeneration, and any necrotic areas of the lesion. However, the presence 
of hypervascularity is not specific enough for a diagnosis of malignancy.
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There are few US features that can point to a differential diagnosis between sem-
inomatous and non-seminomatous GCT, but exceptions to the typical appearance in 
these tumours are common. In general, seminomatous tumours are mostly homoge-
neous and more hypoechoic, whereas non-seminomatous tumours are heterogenous 
even when small, and frequently show cystic or calcified parts with alternating 
hypo- and hyperechoic areas. Both tend to have neat margins; however, large semi-
nomatous tumours can appear non-uniform and mixed tumours can present with 
polycyclic borders. Some examples of US imaging in adolescent testicular tumours 
are presented in Fig. 13.2.

a b
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Fig. 13.2 Examples of ultrasound examinations of testicular neoplasia in children and adolescents. (a, 
b) Mature post-pubertal teratoma, in a 16-year-old patient, appearing as a complex solid lesion, with 
cystic components and hyperechoic spots, in (b) peripheral vascularization on colour Doppler ultra-
sound examination, (c) Post-pubertal teratoma with epithelial malignancy in a 14 years old, appearing 
as a complex, predominantly cystic lesion with a solid component and hyperechoic foci with acoustic 
shadowing, (d) Leydig cell tumour in a 10 years old, appearing as a well-demarcated small, hypoechoic 
and homogenous lesion, (e) Multifocal pure seminoma in a 15 years old, appearing as hypoechoic and 
homogenous solid lesions, (f) Pure seminoma with polycystic lobulated margins in a 14 years old
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Contrast-enhanced ultrasound (CEUS) is a new US technique which employs 
intravenous microbubble contrast to provide information on vascular characteristics 
of testicular lesions and as such offers additional information in the differential diag-
nosis of testicular lesions, being superior to non-contrast US. In particular, its quan-
titative evaluation improves the diagnostic accuracy of non-enhanced US up to 93%. 
Both benign and malignant tumours tend to enhance strongly and this helps in the 
differential diagnosis against non-neoplastic lesions, such as ischemia, abscesses, 
and cysts. Furthermore, malignant lesions are characterized by rapid enhancement 
and by a rapid washout, whereas benign tumours feature a more prolonged washout 
pattern and the latter seems to be a distinctive feature of sex cord–stromal tumours [51].

A further development is the concept of tissue elastography, which allows the 
assessment of the hardness of a specific tissue. This technique provides non- invasive, 
real-time tissue characterization via the analysis of the shear waves generated by an 
ultrasound burst; the propagation speed of the shear waves directly correlates with 
tissue stiffness and the information is displayed as a colour-coded representation of 
the lesion alongside a semi-quantitative characterization, providing a measure of the 
lesion’s stiffness [99].

Although, generally speaking, no US finding is pathgnomonic by itself, CEUS 
and elastography are helpful in better characterizing intratesticular lesions. The 
increased lesion understanding derived from their use may allow a personalized 
follow-up strategy or for a targeted US-guided excision biopsy, when feasible, thus 
potentially reducing the number of unnecessary radical orchiectomies (RO).

Magnetic resonance imaging (MRI) may offer additional diagnostic information 
in selected cases, while computed tomography (CT) is mainly used for staging pur-
poses at diagnosis and follow-up [100, 101].

LCTs usually appear on US examination as a solid, homogeneous and hypoechoic 
or weakly hypoechoic lesion, with well-defined margins and internal vasculariza-
tion, while intralesional calcifications are uncommon. Some larger lesions may 
show cystic areas resulting from haemorrhages and necrosis. Radiology cannot dis-
tinguish between GCTs and LCTs or between benign and malignant LCTs. On 
contrast-enhanced ultrasound (CEUS) examination 85% of LCT show a rapid 
enhancement of the lesion (wash-in) and a delayed washout compared to the sur-
rounding parenchyma [51, 59]. On elastography most lesions (83%) show medium 
(ES2) or hard (ES3) elasticity [59]. On MRI 68% of LCT show a markedly hypoin-
tense signal on T2-WI and a rapid and marked wash-in followed by a prolonged 
washout [59, 101].

SCTs on US examination appear as single or multiple masses, either hypo- or 
hyperechoic, with possible calcification and a median diameter of 2 cm. The large-
cell calcifying SCT, most often seen in paediatric patients affected by Carney com-
plex, can be recognized by its diffusely heterogeneous pattern, with increased 
echogenicity and large areas of calcification [102].

Although much progress has been made in the radiological evaluation of intra-
testicular lesions, no combination of imaging techniques guarantees 100% accuracy 
in preoperatively distinguishing GCTs from sex cord–stromal tumours or other tes-
ticular neoplasms, and the final diagnosis remains histological.
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13.3.1.2  Tumour Markers in Blood
As soon as a testicular malignancy is suspected, an obligatory procedure is to mea-
sure biochemical tumour markers of GCTs in serum, since GCTs are the most com-
mon and clinically aggressive cancer type in patients of all ages. These markers 
include β-hCG, AFP, and lactate dehydrogenase (LDH) [15, 103, 104]. LDH is an 
enzyme mainly produced by seminoma. β-hCG is secreted by the CHC component 
of non-seminomatous tumours and syncytiotrophoblastic cells in mixed TGCTs. 
AFP is an early embryonal protein, produced also by yolk sac tumours (YST), both 
of the prepubertal and adult type. It is important to remember that small infants can 
have physiologically detectable AFP levels, hence clinical decision-making in infants 
should be based on serial measurements [15]. In boys over 2 years of age, a serum 
AFP falls to normal adult levels of <10 kU/L (approximately 100 ng/mL), so higher 
levels will be suggestive of a YST or a teratoma with focal YST. Very high serum 
AFP levels (≥10,000 ng/mL) at diagnosis are associated with a worse prognosis.

These serum markers are raised in only approximately 60% of patients with 
TGCTs at the time of primary diagnosis, and their interpretation in seminoma, EC, 
and teratoma can be difficult [104, 105]. Furthermore, these markers are negative in 
pre-malignant germ cell lesions, GCNIS, and gonadoblastoma.

A new sensitive blood test, based on the detection of GCT-specific micro-RNAs 
(miR-371-3 cluster), which are detectable in all TGCTs, except teratomas, is cur-
rently under development and clinical trials are in progress, but the test is not yet 
routinely available [106–108].

As far as the sex cord–stromal tumours are concerned, there are currently no 
clinically suitable markers measurable in blood samples. Although rarely, some 
SCTs can present with mildly elevated TGCT serum markers. However, the absence 
of elevation of the above-listed tumour markers and alterations in the reproductive 
hormonal profile can be suggestive of a non-GCT.

13.3.1.3  Hormone Profiles
LCTs can be manifested by typical signs of steroid hormone excess and also high aro-
matase activity in some of the tumours. According to some authors, an hCG stimulation 
test may be helpful in the diagnosis by showing a higher increase in serum total testos-
terone and oestradiol levels at 24–48 h compared to healthy controls and seminoma 
patients [59, 109, 110]. In young boys, androgen secretion by LCTs often causes preco-
cious puberty, manifested as appearance of pubic hair, penis enlargement, accelerated 
growth, and pubertal-like skin changes with adult- type sweat odour. In addition, excess 
of oestrogens can cause gynecomastia in boys, adolescents, and young men, in whom 
the main sign of a LCT is in fact usually gynecomastia. It is important to bear in mind 
that in about half of all adolescent boys gynecomastia is a benign transient disorder 
caused by a quick rise in oestradiol at puberty and that obese boys can have pseudo-
gynecomastia [111–113]. Several other conditions are associated with frequent gyneco-
mastia, including Klinefelter syndrome and partial AIS; the latter carrying an increased 
risk of TGCT, therefore a careful differential diagnosis must be performed in each 
case [113].

In the suspicion of a sex cord-stromal tumour the initial evaluation should include 
the assessment of the serum levels of LH, FSH, total testosterone, oestradiol, as well 
as 17-OHP and androstenedione.
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13.3.1.4  Histopathological Assessment
The final diagnosis of testicular tumour must be confirmed by the histological anal-
ysis of tissue. Because of histological heterogeneity, the IHC analysis is very help-
ful, and has become mandatory in most centres. The typical histological features 
and clinically useful IHC markers are described in this review in section: 
Histopathology, biological features, and diagnostic markers. Recognition of dif-
ferent components of non-seminoma is important, because of differences in prog-
nosis: in pre-pubertal children, the presence of pure YST is associated with poor 
prognosis, whereas in adolescents and young adults, the presence of CHC may 
worsen the prognosis, while the presence of pure EC is a risk factor of an early 
relapse [114].

13.3.2  Surgery, Staging, and Oncological Treatment

13.3.2.1  Childhood (Paediatric) Tumours
Orchiectomy is a treatment of choice for malignant TGCT, mainly YST, which can 
be distinguished by highly increased serum AFP.  After careful histopathological 
description of the tumour, each patient must be classified into a clinical stage. 
Staging is based on tumour spread and serum markers. In boys up to 6 years of age 
the marker evaluation is focused primarily on AFP dynamics. A commonly accepted 
staging system prepared by the Children Oncology Group (COG) from the USA is 
presented in Table 13.2.

The YST diagnosis has the worst prognosis among childhood testicular tumours, 
even though only about 20% of the cases are metastatic, while the vast majority of 
cases are cured by chemotherapy [47, 115]. An unfavourable outcome is associated 
with a lymphovascular invasion, large primary tumour size (>4.5 cm in largest diame-
ter), invasion of rete testis or epididymis, and the presence of necrosis within the 
tumour [115].

All other histological types of TGCT, mature teratoma, and (epi)dermoid cysts, 
which are usually benign and are never associated with GCNIS, should be treated 
by testis-sparing surgery (TSS), unless the tumour has overgrown testicular paren-
chyma. TSS is also the treatment of choice for sex cord–stromal tumours, including 
juvenile granulosa cell tumours [92] and haemangiomas.

Table 13.2 Staging of paediatric testicular germ cell tumours, recommended by the Children 
Oncology Group (USA) and WHO [1]

Stage I Tumour is limited to testis. There is no evidence of disease beyond the testis by 
clinical, histological, or radiographical examination. An appropriate decline in 
serum AFP has occurred (the half-life of AFP is 5 days)

Stage II Microscopic disease is located in the scrotum or high in the spermatic cord 
(<5 cm from the proximal end). Retroperitoneal lymph node involvement is 
present (≤2 cm). Serum AFP is persistently elevated

Stage III Retroperitoneal lymph node involvement is present (>2 cm). There is no visible 
evidence of visceral or extra-abdominal involvement

Stage IV Distant metastases are present, including liver
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13.3.2.2  Testicular Germ Cell Tumours in Adolescents
Management and treatment of TGCTs in adolescents is the same as in young adults. 
Immediately after diagnosis, careful evaluation of disease diffusion must be per-
formed to help assessing a possible spread of malignancy. In adolescent boys, the 
diagnosis is often delayed, hence the metastatic disease is already present at the first 
presentation in approximately 20–30% of cases [33]. After RO, which is the treatment 
of choice in the vast majority of patients presenting with a TGCT, prognostic staging 
must be performed in each case. The staging includes the levels of the above-men-
tioned circulating serum tumour markers (STM), primary tumour type and size, and 
the presence of metastases. The commonly used classification is postsurgical and 
pathological (p)TNM (pT = primary tumour, pN = regional lymph nodes, M = distant 
metastasis) [116]. Primary tumour size and metastatic tumour size in lymph nodes are 
measured, vascular lymphatic invasion, and invasion of surrounding tissues are also 
assessed, for example, epididymis, tunica albuginea, scrotum, spermatic cord. The 
patients should be staged and stratified to the good, intermediate, or poor prognosis 
groups according to the system developed for the adults by the International Germ 
Cell Consensus Classification (IGCCC) [117] (Table 13.3). Adaptation of existing 
staging systems for specific needs of adolescent patients with GCT, has been advo-
cated by the Malignant Germ Cell International Consortium (MaGIC) [3, 118].

In general, pure seminoma has a better prognosis than non-seminoma. Patients 
with stage I seminoma (confined to the testis) are usually treated by orchiectomy 
and surveillance alone, whereas adjuvant chemotherapy can be considered to treat 
patients with stage I non-seminoma. Adjuvant radiotherapy should not be used in 
adolescent patients [50]. The treatment of patients with disseminated or recurrent 
disease comprises combined cisplatin chemotherapy regimens with various forms 
of adjuvant treatment and salvage surgery that should be carefully adapted to the 
needs of the individual patient. Detailed regimens widely accepted in Europe can be 
found in the latest guidelines of the European Association of Urology (EAU), and 
the European Society for Medical Oncology (ESMO) [50, 114]. The typical chemo-
therapy regimens in the good prognosis TGCT start from three cycles of cisplatin, 
bleomycin, and etoposide (PEB, 90% 5-year survival rate), through four cycles of 
this combined therapy in patients with intermediate prognosis, to intensified 

Table 13.3 Prognostic staging system for young adult TGCT based on IGCCC recommendation

Good Intermediate Poor
Seminoma Absence of non- 

pulmonary visceral 
metastasis

Presence of non- 
pulmonary visceral 
metastasis

Not applicable

Non- 
seminoma

Gonadal or retroperitoneal 
primary site

Gonadal or retroperitoneal 
primary site

Mediastinal primary site

Absence of non- 
pulmonary visceral 
metastasis

Absence of non- 
pulmonary visceral 
metastasis

Presence of non- 
pulmonary visceral 
metastasis

S0 or S1 STM: S2 STM: S3 STM:
βHCG <5000 IU/mL 5000–50,000 IU/mL >50,000 IU/mL
AFP <1000 ng/mL 1000–10,000 ng/mL >10,000 ng/mL
LDH 1.5 × ULN 1.5–10 × ULN >10 × ULN
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combination chemotherapy with addition of etoposide and ifosfamide in poor prog-
nosis patients (reviewed in [6]).

Some modifications of chemotherapy regimens specifically for adolescent 
patients from the age of 11 have been proposed by the MaGIC consortium, for 
example, substituting cisplatin with carboplatin, or including weekly bleomycin, 
which was previously used sparingly in young patients [3].

13.3.2.3  Sex Cord–Stromal Tumours in Adolescents
Although initial laboratory and radiological evaluation may strongly point towards 
a benign sex cord–stromal tumour, current guidelines recommend a surgical 
approach, nonetheless. However, a ‘wait-and-see’ approach can be reasonably pur-
sued in the case of a patient refusing surgery, when initial evaluation points towards 
a sex cord–stromal tumour (no STM elevation, compatible US features, absence of 
distant metastases). In this case, the follow-up should be based on serial US exami-
nations every 3 months for at least 18 months and a putative diagnosis would require 
absence of growth or resolution of the lesion(s). Diagnosis is intra-operatory and 
should be entrusted to expert pathologists able to confirm the sex cord–stromal 
nature of the tumour on frozen section, thus guiding towards TSS when tumour size 
and topography make it feasible. If frozen section examination determines the sus-
picion of malignancy, surgery shall be converted to RO.

While orchiectomy remains the treatment of choice for tumours characterized by 
a large volume, TSS has been proven to be efficacious and associated with excellent 
prognosis in smaller size tumours, preserving fertility, and testicular endocrine func-
tion, while not being associated with relevant local or distant recurrence rates. After 
testicular surgery, in absence of GCTs risk factors, follow-up is recommended on a 
semestral basis; it may include evaluation of the retroperitoneum (US) and of the 
thorax (CT, yearly for the first 3–4 years) and the endocrine assessment of the resid-
ual testicular function (LH, FSH, total testosterone, oestradiol, SHBG, inhibin B).

13.3.2.4  Fertility Preservation in Children and Adolescents
As treatment of testicular cancer, both surgical and medical, will invariably deter-
mine reduction in the fertile potential of the patient, efforts should be made by the 
clinicians to obtain spermatozoa for cryopreservation prior to treatment. This is 
particularly challenging considering the age of patients, the maturation of the sper-
matogenic machinery until late adolescence and the increased prevalence of subfer-
tility/infertility in testicular cancer patients [119–122].

Based on age, pre-pubertal boys can be proposed to undergo sperm retrieval via 
penile vibratory stimulation or the more invasive electro-ejaculation via placement 
of a rectal probe under general anaesthesia, although the success rate is variable 
[123–125]. Experimental attempts at testicular tissue or spermatogonial stem cells 
cryopreservation in these patients are promising and so far have proven to success-
fully restore fertility upon reimplantation in animal models [126].

Adolescents, based on pubertal status, should be proposed a semen analysis 
through masturbation at the time of diagnosis, before testis surgery (whether TSS or 
RO), especially if there is suspicion of contralateral testicular dysfunction, and 
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sperm banking through cryopreservation should be encouraged [127]. The same 
holds true in the post-surgical setting, if adjuvant chemo- and/or radio-therapy are 
to be employed or if retroperitoneal surgery is being considered, for the risk of 
infertility due to retrograde ejaculation (although in this setting a post-ejaculatory 
urine specimen often contains enough sperm for cryopreservation) [128, 129].

Another possible attempt is sperm retrieval during surgery, termed onco-TESE 
(Testicular Sperm Extraction), with ex-vivo dissection of spermatozoa in the contra-
lateral and/or ipsilateral testis, which proves particularly useful for azoospermic 
patients, although studies are few and success can vary [130, 131].

After completion of treatment, clinicians should refer patients to semen analysis 
at 12 months and discourage attempts to naturally conceive before 24 months, for 
the increased rate of sperm aneuploidy up to that time [132].

13.4  Long-Term Consequences of Testicular Tumours 
in Childhood and Adolescence

The treatment of testicular cancer can result in reduced quality of life in some patients, 
especially in those who receive four cycles or more of chemotherapy with cisplatin and 
etoposide combined with either bleomycin or ifosfamide [133]; these patients have been 
reported to show increased rates of chronic fatigue and anxiety disorders [134, 135].

Hypogonadism is observed in 13–33% of patients, and has been linked to depres-
sion, sexual problems, and diminished well-being observed in these patients [136]. 
As such, all patients undergoing treatment for testicular cancer should be monitored 
for their residual testicular endocrine function and, when appropriate, be prescribed 
testosterone replacement therapy (TRT).

Retroperitoneal lymph node dissection (RPLND), especially if performed after 
chemotherapy, can result in loss of antegrade ejaculation, which can determine 
infertility and the need to recur to assisted reproduction techniques (ART) [137, 138].

Exercise programmes have been shown to moderately improve quality of life in 
testicular cancer survivors, as well as emotional well-being, social functioning, 
anxiety, and fatigue upon exercise [139].

Adolescents and young men who have experienced testicular cancer possess a 
16.2 times higher risk for a second testicular cancer and a 2.9 times higher risk for 
prostate cancer than matched controls [140]. Furthermore, testicular cancer survi-
vors show a 6% higher non-cancer mortality than the general population [141, 142] 
which rises to 26% if previously treated with chemotherapy; this risk seems to be 
attributable mostly to infectious diseases, gastrointestinal diseases, and cardiovas-
cular diseases, especially among young men.
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14.1  Introduction

Gender incongruence (GI) is defined by a marked and persistent incongruence 
between an individual’s experienced gender and the assigned sex at birth [1]. When 
this condition leads to a clinically significant distress or impairment in social, occu-
pational, or other important areas of functioning, we refer to it as Gender Dysphoria 
(GD) [1]. Individuals whose gender identity does not completely and/or perma-
nently match their sex characteristics may describe themselves as trans or transgen-
der [1]. In particular, we use the term trans men for those assigned female at birth 
who identify as men, and trans women for those assigned males who identify as 
women. GI/GD represent a dimensional phenomenon that can occur with different 
degrees of intensity, of which the most extreme form is accompanied by a desire for 
gender-affirming treatment, including hormonal treatment and/or surgical 
interventions.

GI/GD may develop during childhood and remit in most prepubertal children 
[2, 3]. Afterwards, it can persist during adolescence and adulthood only in a minor-
ity of cases. The percentage of “persisters” appears to be between 10% and 27% 
[2, 4, 5].

During the management of children and adolescents with GI/GD, health care 
professionals should broadly conform to the Standards of Care of the World 
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Professional Association for Transgender Health (WPATH) [6] and to the Endocrine 
Society’s guidelines [7]. These are both mainly inspired by the pioneering work of 
Delamarre-van de Waal and Cohen-Kettenis [8] who described for the first time the 
“Dutch Approach,” a clinical protocol for the management of GI/GD during adoles-
cence. This protocol is characterized by a “Combined Approach,” including both 
psychological support and medical intervention, structured in three different phases: 
(i) a first diagnostic phase without medical interventions; (ii) the extended diagnos-
tic phase, characterized by puberty suspension with GnRH analogues (GnRHa);` 
and [3] induction of puberty congruent with gender identity.

In the first phase, a psychological support and evaluation is offered, with the aim 
to assess the presence and intensity of GI/GD [1] and to evaluate the presence of 
interfering psychological and/or social conditions. In this phase, the mental health 
professional (MHP) should also evaluate the presence of adequate psychological 
and social support, actively including parents. In line with WPATH recommenda-
tions, this phase should be conducted by a MHP with a specific training in child and 
adolescent developmental psychopathology and skilled in GI/GD [6].

During the establishment of the therapeutic relationship, the clinician should 
maintain a neutral attitude regarding any possible outcome in order to help the ado-
lescent to explore his/her gender identity openly. Finally, in this phase the MHP 
should inform the adolescent and the family accurately regarding different treat-
ment options, and consequences (including those related to fertility preservation) in 
order to prevent unrealistic expectations.

In case GD persists, the MHP’s role is also to assess the presence of criteria for 
pubertal suppression with GnRHa, as reported in Table 14.1.

In particular, it is recommended to start puberty suppression with GnRHa not 
earlier than Tanner stage G2/B2, in case the early pubertal modifications lead to a 
worsening of GD feelings [6, 7]. In fact, emotional reactions to the undesired body 
changes—in the opposite direction from the experienced gender identity—have an 
important diagnostic value for the MHP.

Table 14.1 Eligibility criteria for gonadotropin-releasing hormone analogues (GnRHa) and 
cross-sex hormones

Adolescents are eligible for GnRHa treatment if they:
   1. Meet the DSM 5 criteria for gender dysphoria (GD)
   2. Have experienced puberty at least up to Tanner stage 2
   3. Have an increase in GD at the arrival of early pubertal changes
   4.  Do not suffer from psychiatric comorbidities that interfere with the diagnostic work-up 

or treatment
   5. Have adequate psychological and social support during treatment
   6.  Demonstrate knowledge and understanding of the expected outcomes, risks, and benefits 

of therapy
   7.  Have parents’ consent to the treatment and give adequate support during treatment
Adolescents are eligible for cross-sex hormone treatment if they:
   1. Meet the criteria for GnRH analogues
   2. Are 16 years or older
   3. Have parents’ consent to the treatment and give adequate support during treatment
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14.2  Puberty Suspension

During the extended diagnostic phase, the administration of GnRHa allows to sus-
pend pubertal development. In fact, these long-acting analogues temporarily sup-
press the endogenous production of sex steroids by GnRH receptor desensitization, 
after an initial increase of gonadotropins during 10 days after the first and the sec-
ond injection [9]. Despite several GnRHa being available, triptorelin is the most 
studied in GD/GI adolescents [8]. The most used protocol contemplates the admin-
istration of triptorelin with a monthly formulation (3.75 mg every 28 days). In case 
gonadotropins are well suppressed, after 6 months, it is possible to switch to a tri-
mestral formulation (11.25 mg). In transboys (assigned female at birth adolescents) 
the initial interval may be shortened, repeating the second injection (3.75 mg) after 
12 days, in order to avoid menstrual bleeding risk.

GnRH antagonist could represent a potential alternative to GnRHa, since they 
immediately suppress pituitary gonadotropin secretion [10, 11]. This could repre-
sent an advantage through the elimination of the initial “flare” in gonadotropic axis 
activation. However, the absence of evidences regarding the safety and efficacy of 
GnRH antagonists does not allow their use in GD/GI adolescents.

GnRHa effectively suspend pubertal development, leaving these adolescents in 
a “limbo” in which they can explore their gender identity, without the distress 
derived by the undesired body modifications. In fact, already at the onset of Tanner 
2 puberty, body changes—such as breast development in transboys and increasing 
testicular size in transgirls (assigned male at birth adolescents)—may become 
unbearable. With the progression of puberty, other modifications occur, such as 
menarche/menses in transboys and deepening of voice, virilizing hair pattern, 
development of facial dimorphic characteristics, and spontaneous erections in 
transgirls. These undesired body modifications are perceived as devastating and 
humiliating. At this point, GD/GI adolescents realize that they cannot avoid the 
natural expression of their biological sex, which is incongruent with their gender 
identity. In fact, the onset of puberty is usually associated in transgender youth 
with a worsening of GD, distress, and psychological functioning and well-
being [12].

During GnRHa treatment, slight development of secondary sex characteristics 
may regress or stop. Among the effects, we can mention breast atrophy, menses ces-
sation in transgirls, and decrease in body hair distribution and in testicular volume, 
as well as reduction of spontaneous erections in transgirls [13].

Because of the suppression of pubertal development, GnRHa treatment immedi-
ately reduces the subject’s suffering and may prevent emotional and psychological 
impairment [14, 15]. Furthermore, GnRH treatment extends the diagnostic phase, 
by leaving the body in a neutral early pubertal state. During this period the adoles-
cent can continue to self-explore his/her gender identity, without the distress caused 
by pubertal modifications [7], allowing the clinicians to “gain time” during the 
extended diagnostic phase.

An important advantage of GnRHa is the reversibility of the intervention. If the 
adolescent decides not to follow with the transition path, pubertal block can be 
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discontinued. Spontaneous pubertal development will resume immediately and the 
subject can resume the maturation in the biological direction [16].

Furthermore, physical treatment outcome in adolescents treated with GnRHa is 
more satisfactory compared to treatment started later in puberty, when secondary 
sex characteristics have already been developed [17, 18]. Starting earlier medical 
treatment may reduce the invasiveness of future medical and surgical interventions 
[19]. For example, electrolysis hair removal, voice therapy, or surgery could not be 
necessary in transwomen individuals, as well as chest surgery in transmen.

Psychological support to the adolescent is crucial during all this delicate phase. 
Therefore, meetings with a skilled MHP are encouraged in order to evaluate all the 
aspects of psychological and social functioning, as well as exploring GD/GI and its 
possible outcomes [20].

Furthermore, during GnRHa treatment, guidelines recommend measuring 
gonadotropins and sex steroids levels to confirm adequate gonadal axis suppression 
[7]. In case gonadal axis is not completely suppressed, the time between GnRHa 
administrations can be shortened or the dose increased. Moreover, it is important to 
monitor negative effects of delaying puberty, such as halted growth spurt and 
impaired bone mineral accretion.

14.2.1  Criticalities of GnRHa Treatment

Overall, GnRHa appear to be an effective and safe treatment to block endogenous 
pubertal development in GD/GI adolescents. However, most of the evidences are 
based on studies in which GnRHa treatment was used to suppress precocious 
puberty and long-term follow-up studies are still quite limited.

The main risk of pubertal suppression in GD/GI adolescents may include an 
impairment of bone mineralization. In fact, puberty is the most important period in 
life for correct bone mass achievement, since about 85–90% of the total bone mass 
will have been acquired at the end of puberty [21]. Few data are available on the effect 
of GnRHa on bone mineral density (BMD) in adolescents with GD/GI. Contrasting 
evidences come from studies in different settings. For example, some studies reported 
that men with constitutionally delayed puberty have decreased BMD in adulthood 
[22], while others showed a normal BMD in this population [23, 24]. Similarly, a 
decrease of BMD is described in children with central precocious puberty treated with 
GnRHa in some studies [25], while others did not confirm these findings [26].

Concerning GnRHa treatment in GD/GI adolescents, data demonstrated no 
change of absolute areal BMD during GnRHa treatment, but a decrease in BMD 
Z-scores, mainly the lumbar spine [8, 27, 28]. The subsequent hormonal treatment 
to induce puberty led to an increase of BMD Z-score in both transmen and trans-
women; however, even after 24 months of gender-affirming hormonal treatment, 
pretreatment Z-score values were not reached in most of transgender adolescents 
[28]. Considering these evidences, dual-energy X-ray absorptiometry (DXA) scans 
remain important in follow up of bone health of transgender adolescents. Besides, 
calcium and vitamin D supplementation in case of deficiency may improve bone 
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health during GnRHa treatment, as well as an appropriate lifestyle (including physi-
cal activity and smoking avoidance/cessation). With regard to body composition, 
GnRHa have not been associated with a change in body mass index (BMI) standard 
deviation score in GD/GI adolescents [27]. However, GnRHa treatment seems to 
modify body composition leading to an increase in fat mass and a decrease in lean 
body mass percentage [13]. Comparable results have been observed also in girls 
treated for precocious puberty with GnRHa [29, 30].

Another criticality of GnRHa treatment is represented by the potential effects on 
brain development. Puberty has been suggested to represent a second organizational 
period during brain development both in animals and humans [31, 32], especially 
regarding the development of executive functioning. The question arises if pubertal 
suppression with GnRHa affects the development of this task. Limited data are 
available regarding this aspect. A single cross-sectional study [33], comparing the 
performance on the Tower of London (ToL) task of adolescents under GnRHa treat-
ment with control boys and girls, demonstrated no compromise of executive func-
tion. Unexpectedly, when evaluating brain activation patterns during ToL 
performance, GnRHa treated adolescents with GD showed sex differences in neural 
activation similar to their natal sex control group.

An additional side effect reported in a few girls treated with GnRHa for preco-
cious/early puberty is arterial hypertension [34, 35]. Similar evidences have not yet 
been reported in GD/GI adolescents treated with GnRHa, however blood pressure 
monitoring before and during treatment is recommended [7].

Furthermore, treated adolescents may also experience hot flashes, fatigue, and 
mood alterations as a consequence of pubertal suppression and reduction of sex 
steroids levels. Though, there is no consensus on treatment of these side effects in 
this context.

Finally, fertility issues should be adequately explored before the start of GnRHa 
treatment. Puberty suppression can pause the maturation of germ cells, and thus, 
affect fertility potential. However, data on fertility outcome after GnRHa treatment 
are lacking and fertility preservation options in these individuals are still 
investigational.

14.3  Puberty Induction

Clinicians can start gender-affirming hormones after a multidisciplinary team has 
confirmed the persistence of gender dysphoria/gender incongruence in adolescents 
with a sufficient mental (and legal) capacity to give informed consent to this par-
tially irreversible treatment (Table 14.2).

Although in many countries adolescents are able to start treatments since 16 years 
old, the timing of sex hormones starting in transgender adolescents remains under 
debate. The Endocrine Society guidelines supports the initiation of treatment at the 
age of 16 years and even earlier in selected cases evaluated by a multidisciplinary 
team with expertise in gender identity development in children [7]. However, mini-
mal data supporting an earlier use currently exist. When GnRHa treatment is started 
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in the early stages of pubertal development, a puberty congruent with the experi-
enced gender identity is induced with a dose scheme characterized by a progressive 
increase of hormonal treatment doses in order to simulate a physiological puberty, 
such as in hypogonadal patients. Alternatively, in late puberty gender-affirming 
treatment can be given at higher doses until the expected adult dose [7].

This gradually increasing schedule of sex steroid doses does not allow to effec-
tively suppress endogenous sex steroid secretion. For this reason, the continuation 
of GnRHa treatment is advised until gonadectomy, even if further studies are neces-
sary to evaluate its long-term effects.

Furthermore, transgender adolescents and their parents/other caretakers need to 
be clearly informed about the potential loss of fertility (impaired spermatogenesis 
and oocyte maturation) induced by hormonal therapy to make a reasoned and bal-
anced decision and potentially access to fertility preservation clinic.

14.3.1  Transgender Girls

Treatment for induction of a female puberty in transgirls consist in oral or transder-
mal estrogens formulations.

The oral administration of 17β-estradiol should be started at a dosage of 5 μg/
kg/d, increasing the dose every 6 months of 5 μg/kg (to 20 μg/kg/d) until a mainte-
nance dosage of 2 mg is reached.

The transdermal 17β-estradiol may be an alternative for the oral one with an 
initial dosage from 6.25–12.5  μg/24  h to 37.5  μg/24  h until the adult dose 
(50–200 μg/24 h) is achieved, raising the dose every 6 months. The use of transder-
mal alternative is increasing, but the absence of specific low-dose estrogen patches 
may be uncomfortable: Individuals need to cut the patches themselves to obtain a 
size corresponding to the appropriate dosage, which is sometimes difficult to 

Table 14.2 Protocol induction for puberty

Induction of female puberty:
   –  Transdermal 17b-estradiol (matrix patch, 25 mcg/24 h patch, changing the patch as 

directed once or twice weekly): Start with 3 mcg, applied for 12 h per day for 6 months, 
than 3 mcg for 24 h. double the dose every 6 months in a stepwise fashion: 6 mcg, 
12.5 mcg, up to 25 mcg, 50 mcg/d, 75 mcg/d, up to the adult dose (100 mcg/d).

   –  Oral 17b-estradiol: Start with 5 mcg/kg/d, increasing the dose every 6 months in a 
stepwise way by 5 mcg/kg/d, up to adult dose (2–4 mg/d).

   –  Oral estradiol valerate: Start with 8 mcg/kg/d (0.5 mg/d), increasing the dose every 
6 months in a stepwise way by 8 mcg/kg/d, up to adult dose (2–4 mg/d).

   –  Oral estradiol hemihydrate: Start with 6 mcg/kg/d (0.4 mg/d) increasing the dose every 
6 months in a stepwise way by 6 mcg/kg/d, up to adult dose (1.5–3 mg/d).

Induction of male puberty:
Intramuscular testosterone esters, increasing the dose every 6 months:
25 mg/m2 every 2 week im
50 mg/m2 every 2 week im
75 mg/m2 every 2 week im
100 mg/m2 every 2 week im
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calculate and realize; the patches glue may cause allergic reactions; new patches 
need to be placed every 3.5 day at the same hour of the day [36].

After a period of gonadal suppression varying from 3 to 6 months, estrogens can 
be given at a daily start dosage of 1 mg and increased to 2 mg after 6 months [7].

The effects of the addition of 17b-estradiol were studied prospectively in 28 
transgender girls [37]. Estrogen treatment was started at a median age of 16 years 
after a median duration of 24.8 months of GnRHa monotherapy. When the adult 
dose of 2 mg of estradiol daily was reached during a median duration of 2 years, the 
median serum estradiol was 27  pg/mL (100  pmol/L) [range, 6.5–103  pg/mL 
(24–380 pmol/L)] and no changes in prolactin levels, hemoglobin, hematocrit, gly-
cated hemoglobin, liver enzymes, and creatinine were seen [38]. Furthermore, 
physical changes were observed such as the breast development (started within 
3 months, and after 1 year median Tanner breast stage was 3 progressing to 5 after 
3 years), the increase of hip circumference and the decrease of waist circumference 
[38]. Although BMI increased, BMI SD scores did not: absolute BMD and Z-scores 
in the lumbar spine (not in the hip) increased [27, 28], but after 2 years of estrogens 
Z-scores were still below those of age- and sex-assigned–matched norms [28].

Studies regarding treatment with estrogens on pubertal development and short- 
term safety demonstrate feminization of the body without adverse events [38], 
although data on long-term outcomes are still sparse.

14.3.2  Transgender Boys

For male pubertal induction the use of testosterone ester injections is recommended. 
The initial dose is 25 mg/m2 IM every 2 weeks, progressively increasing 25 mg/m2 
every 6 months. The maintenance dosages vary from 100 to 200 mg per 2 weeks for 
testosterone monoesters, such as testosterone enanthate, to 250 mg per 3 to 4 weeks 
for testosterone ester mixtures. For transgender boys who started treatment in late 
puberty, testosterone can be started at 75 mg IM every 2 weeks, followed by the 
maintenance dosage after 6 months [7]. With androgens treatment, virilization of 
the body occurs in the first 3–6 months, including lowering of the voice, facial, and 
body hair growth, muscular development (particularly in the upper body), and clito-
ral growth [7, 8]. In post-menarche adolescent transboys, a progestogen can be 
added to stop or decrease menses frequency; instead, the adult dosage alone will be 
sufficient to suppress gonadal axis.

Prospective data on combined GnRHas and androgens are still scarce. The clini-
cal effects, including those metabolic parameters, in transgender boys have been 
investigated retrospectively in two studies, one single-center study (n = 42) [39] and 
one multicenter study center (n = 72) [40]. Only the single-center study reported on 
side effects, which were fatigue and acne. Clinically, there was a weight gain as both 
BMI [40] and BMI SD scores increased [39]. Although testosterone preparation and 
dosages differed, both studies reported an increase in both hemoglobin and hemato-
crit and in alanine aminotransferase, aspartate aminotransferase, and creatinine 
(even if they remained in the normal range), a worsening of lipid profile (cholesterol 
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and low-density lipoprotein increase, high-density lipoprotein decrease); glucose 
homeostasis parameters (HbA1c, insulin, glucose, homeostatic model assessment 
index) were not affected [41]. In transgender boys the bone density and Z-scores of 
the lumbar spine and the femoral region increased after 2 years of testosterone ther-
apy even if they don’t reach the pretreatment values [28, 42, 43].

14.4  Conclusions

Knowledge regarding the treatment of gender dysphoria and nonconforming youth 
has steadily advanced during the past 10  years [44, 45]. The current available 
research on transgender adolescents treatment is based mostly on cross-sectional 
studies with limited longitudinal data as well as paucity of information on diverse 
ethnic and socioeconomic populations (mostly from Western Europe and higher- 
income countries where many participants undergo surgical procedures and drop 
the follow-up). Nevertheless, the few somatic data available in adolescents are 
favorable and hither to support the fact that the proven psychological benefits of 
early medical intervention in transgender adolescents effectively outweigh the 
potential medical risks [36].
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15.1  Introduction

Antineoplastic treatments almost always have a transient or permanent effect on 
spermatogenesis. In young adults, the recovery of spermatogenesis depends on the 
type of treatment used. Semen quality in Hodgkin’s Lymphoma (HL) patients 
treated with adriamycin, bleomycin, vinblastine, and dacarbazine (ABVD) reaches 
pre-treatment levels within 2 years after ending the treatment, while patients treated 
with other chemotherapy regimens such as bleomycin, etoposide, adriamycin, 
cyclophosphamide, vincristine, procarbazine and prednisone (BEACOPP); cyclo-
phosphamide, vincristine, procarbazine, prednisone (COPP)/doxorubicin, bleomy-
cin, vinblastine and dacarbazine (ABVD); or mechlorethamine, vincristine, 
procarbazine, vincristine (MOPP) generally have permanent azoospermia, with 
some recovery seen 3–5 years post-treatment only with a smaller number of chemo-
therapy cycles [1]. Chemo- and radiotherapy protocols for testicular tumours have 
the most detrimental effect on spermatogenesis within 3–6 months of the treatment. 
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Spermatogenesis recovery is a function of the time since the end of the therapy, with 
97% of chemotherapy patients and 94% of radiotherapy patients showing good 
recovery after 24 months [2]. From the currently available published studies, it is 
impossible to predict a priori which patients will recover spermatogenesis and 
which will remain azoospermic, and there is no sperm index which might help pre-
dict which patients will remain permanently sterile. However, malignant tumours 
have a significant impact on adolescents and are the second most common cause of 
death before the age of 19 years. The incidence before the age of 14 years is 200,166 
cases a year (10.2/100,000), and between 15 and 29 years it is 397,000 cases a year 
(22.1/100,000) [3]. Leukaemia is the most common cancer in the under-14 s, and 
lymphoma in 15–19-year-olds (Fig. 15.1).

The development of diagnostic and therapeutic procedures has led to a consider-
able improvement in the prognosis and survival of these patients, with 5-year sur-
vival now above 80%. For this reason, and given the youth of these patients, the 
medium- and long-term complications of antineoplastic therapies, including 
impaired fertility, have aroused great concern in recent years.

Only a handful of studies to date have described pre- and post-treatment semen 
quality in adolescent cancer patients. Some investigated pre-treatment semen qual-
ity, while others only evaluated the hormone profile of the pituitary–testicular axis. 
These studies are often limited by grouping older and younger patients together in 
a single ‘reproductive age’ group, thus complicating the identification of any issues 
specific to the adolescent population [4]. The characteristics of adolescents are dif-
ferent to those of children and adults, not least in terms of psychological develop-
ment and social integration.

In any case, fertility may also need to be preserved in non-oncological patients, 
such as those requiring haemopoietic stem cell transplants, and hence the use of 
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Fig. 15.1 Incidence of new cases of cancer in the 0–19 year age group in 2018 [International 
Agency for Research on Cancer data]. The values refer to the number of new cases per 100,000 
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myeloablative chemotherapy agents, as in the case of bone marrow aplasia or thal-
assaemia. Spermatogenesis can also be affected by other drugs, such as those used 
for male to female gender reassignment. In this case, medical therapy leads to 
changes that may be at least partly reversible on stopping the treatment, whereas 
bilateral orchiectomy is of course an irreversible procedure [5].

In all the above cases, the impairment of andrological health in adolescents is 
iatrogenic in nature, and hence associated with medical and/or surgical treatments 
enacted to protect the patient’s physical and psychological well-being, to the detri-
ment of his reproductive health. However, in some cases the testicular damage may 
be induced by the condition itself. The progressive nature of Klinefelter syndrome, 
for example, means that cryopreservation of seminal fluid or testicular tissue should 
be carried out while the patient is still young.

15.2  Spermatogenesis

Spermatogenesis is regulated by the hypothalamic–pituitary–gonadal (HPG) axis, 
which is already active in the foetus, remains active in early postnatal life and peaks 
at 3 months, leading to the so-called mini-puberty. It is then relatively quiescent 
until puberty, when it is reactivated by the hypothalamic pulsatile secretion of 
gonadotropin-releasing hormone (GnRH) (Fig.  15.2). This condition seems to 
depend on the action of kisspeptin, the peptide product of the KISS1 gene located 
on chromosome 1, a G-protein coupled receptor ligand for GPR54. The bond 
between kisspeptin and its receptor stimulates the release of GnRH by the hypotha-
lamic neurons and plays a crucial part in the initiation of puberty [6].

GnRH is a peptide hormone produced in the preoptic area of the hypothalamus, 
secreted in the median eminence. It binds receptors expressed on the plasma 
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Fig. 15.2 Hormone variations in male subjects. LH Luteinizing hormone, FSH Follicle stimulat-
ing hormone
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membrane of the gonadotropic cells in the anterior pituitary and stimulates the pro-
duction of luteinizing hormone (LH) and follicle-stimulating hormone (FSH). In 
turn, LH stimulates the androgen-producing Leydig cells and FSH stimulates the 
cells of the seminiferous tubules, thus modulating spermatogenesis [7].

The predominant androgen produced by the testicles is testosterone, but andro-
stenedione and dehydroepiandrosterone sulphate (DHEAS) are also produced. The 
active metabolite of testosterone is dihydrotestosterone (DHT), produced by the 
5α-reductase-mediated peripheral conversion of testosterone. Testosterone and 
DHT have a major role in virilization through the activation of androgen receptors 
(ARs), and are responsible for the development of secondary sexual characteristics. 
The Leydig cells also produce insulin-like factor 3 (INSL-3), responsible for tes-
ticular descent. The Sertoli cells produce inhibin B, the release of which increases 
in two phases: during mini-puberty and then during puberty. In adults, inhibin B 
exerts a negative feedback on FSH and its concentration offers an indirect marker of 
spermatogenesis. Anti-Müllerian hormone (AMH) is secreted by the Sertoli cells 
during foetal life, causing the regression of the Müllerian ducts.

Reactivation of the HPG axis is determined by genetic, ethnic, nutritional and 
environmental aspects and may occur over a variable period of time, conventionally 
considered normal in boys of 9–14 years of age [8]. Puberty is therefore not a spe-
cific moment but a period with a variable start time and duration in which physical, 
psychological and reproductive changes take place. Full reproductive potential is 
only achieved at the end of puberty, but spermatogenesis begins in a very early stage 
and precedes the ability to ejaculate.

It is difficult to establish the exact time of the spermarche, as it is not associated 
with any clinical markers. Generally, sperm are already being produced before or 
during the development of pubic hair and when the testicular volume has only 
increased slightly. Plasma concentrations of gonadotropins and testosterone are not 
effective markers of spermarche. A more reliable marker could be the detection of 
sperm in urine: sperm are found in 5% of clinically prepubertal boys and in half of 
those in Tanner stage II–III.

Complete sperm maturation is modulated by the reactivation of the HPG axis on 
puberty, but the spermatogenesis process itself begins during foetal life. The pri-
mordial germ cells originate from the extraembryonic tissue surrounding the yolk 
sac. Between the third and fifth week of development they migrate along the gonadal 
ridge and differentiate into gonocytes, which stop at stage G0 of the cell cycle, 
remaining inactive until birth. In the first 6 months of life, the gonocytes differenti-
ate into spermatogonia and remain quiescent until the age of 5–7 years, when they 
multiply through mitotic division. Spermatogonia are classified as type A, which 
may be dark (Ad) or pale (Ap), and type B. The spermatogonial reserve is main-
tained by type Ad spermatogonia which, following mitotic division, produce both 
new stem cells (type Ad) and more differentiated spermatogonia (type Ap). Mitotic 
division of type Ap gives rise to type B spermatogonia, from which further mitotic 
division produces primary spermatocytes. There is no further development of germ 
cells until the beginning of puberty, when rising serum levels of gonadotropins and 
androgens induce the resumption of spermatogenetic activity [9]. The 
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spermatogenetic process in humans, from spermatogonium to mature sperm, 
requires around 74 days and involves complex interactions between the germ cells 
and the Sertoli cells. The cytoplasmic extensions of the Sertoli cells are intercon-
nected by tight junctions and comprise the so-called blood–testicle barrier [10], 
hence ensuring the specific microenvironment required for the correct development 
of germ cells within the seminiferous tubules.

As the cells progress through the spermatogenetic process, they are pushed by the 
tubular fluid towards the lumen of the seminiferous tubules, culminating, at the end 
of spermiogenesis, in the release of mature spermatozoa into the lumen, known as 
spermiation [11]. Finally, the sperm progress from the lumen of the seminiferous 
tubules through the tubuli recti, the rete testis, and the efferent ducts to the epididymis.

When they reach the head of the epididymis, the sperm have no progressive move-
ment or fertilizing ability. These two properties derive from a complex process that 
begins during epididymal transit and is completed in the female genital tract. 
Functional maturation takes place in the epididymis over 12–15 days and is the result 
of intrinsic sperm processes and interactions with the epithelium of the epididymal 
duct. The sperm collect in the epididymis and are only united with the seminal 
plasma—the product of the combined secretions of the accessory glands of the male 
genital tract (seminal vesicles, prostate, bulbourethral glands, vas deferens and ampul-
lae)—on ejaculation. Seminal fluid thus contains a corpuscular fraction (the sperm) 
and a liquid fraction, namely the seminal plasma in which the sperm are suspended.

During transit in the female genital tract, the sperm undergo a further functional 
maturation called capacitation. This, by removing cholesterol from the membrane, 
makes them suitable for the acrosomal reaction and hence for fecundation. The full 
attainment of this capacity can be considered as defining the completion of puberty 
and the start of adolescence. There is no absolute classification of these categories, 
but it is generally agreed that adolescence can be considered as 15–19 years of age 
and hence full adulthood begins at 20 [12].

15.3  Gonadotoxic Treatments: Mechanisms of Damage

Neoplastic diseases: Blood cancers and testicular tumours are the most common 
neoplastic diseases in the under-18 s. For stage I seminomas, the post-orchiectomy 
strategy may be watchful waiting or, depending on the risk factors, treatment with a 
carboplatin cycle, which has shown non-inferiority in relation to radiotherapy on 
ipsilateral paraaortic and iliac lymph nodes with a total dose of 30 Gray (Gy) divided 
into 15 fractions. For other stage I tumours, the treatment option could be a cispla-
tin, etoposide, bleomycin (PEB) cycle or retroperitoneal lymphadenectomy. For 
more advanced seminomas and non-seminomas alike, the treatment strategy is three 
or four PEB cycles, possibly associated with lymphadenectomy and/or radiother-
apy, depending on the risk factors [13]. Cisplatin and carboplatin are derived from 
platinum and act as inhibitors of DNA synthesis, etoposide is a type II topoisomer-
ase inhibitor and bleomycin is a glycopeptide that binds single or double DNA 
strands, thus impeding cell division [2, 14].
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For localized (stage I–II) HL, two cycles of ABVD should be used, followed by 
20 Gy of radiotherapy. ABVD (up to eight cycles), standard BEACOPP or dose- 
escalated BEACOPP is used for more advanced stages [13]. Adriamycin is an 
anthracycline that blocks DNA transcription and acts as a type II topoisomerase 
inhibitor, vinblastine and vincristine are indole alkaloids that bind to microtubular 
proteins, dacarbazine and procarbazine are alkylating agents and prednisone is a 
synthetic steroid with a predominantly glucocorticoid action. Other chemotherapy 
regimens are also available to treat HL in paediatric patients [15], including vincris-
tine, etoposide, prednisone, doxorubicin (OEPA), cyclophosphamide, vincristine, 
prednisone, dacarbazine (COPDAC) and doxorubicin, etoposide, cyclophospha-
mide, vincristine, prednisone, dacarbazine (DECOPDAC). Cyclophosphamide is an 
alkylating agent.

Treatments for non-HL (NHL) are more varied. The most common chemother-
apy regimen is rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone 
(R-CHOP). However, the need for an autologous or allogenic bone marrow trans-
plant is more common in this group. This requires a myelosuppressive treatment, 
most often with varying combinations of carmustine, busulfan, cyclophosphamide, 
melphalan, etoposide and fludarabine or with total body irradiation [16].

Classic osteosarcoma is a rare cancer (0.2% of all malign tumours) but is typi-
cally seen in young patients, with age of onset varying from 10 to 25 years. Ewing’s 
sarcoma is more common than osteosarcoma but is also typically seen in paediatric 
patients. In both cases, the chemotherapy protocol involves doxorubicin, ifosfamide, 
methotrexate and cisplatin [17]. Methotrexate is a folic acid antagonist, while ifos-
famide is structurally equivalent to cyclophosphamide and hence an alkylating 
agent. It has been shown that ifosfamide is less aggressive than cyclophosphamide 
on spermatogenesis and Leydig cell function [18].

Non-neoplastic diseases: Myeloablative therapy followed by hemopoietic 
stem cell transplant is not only reserved for oncological diseases. It is also used in 
blood disorders such as sickle cell anaemia, Fanconi’s anaemia, bone marrow 
aplasia, thalassaemia, Blackfan–Diamond anaemia, Wiskott–Aldrich syndrome 
and congenital immunodeficiency syndromes as well as in metabolic diseases 
caused by enzyme disorders such as Gaucher’s disease, congenital glycosylation 
disorders, adrenoleukodystrophy, oligosaccharidosis and mucopolysaccharidosis. 
In gender identity disorders, medical treatments involve the use of anti-androgens 
such as cyproterone acetate and spironolactone alongside oestrogens, usually oes-
tradiol valerate and oestradiol hemihydrate. Spironolactone is an anti-aldosterone 
diuretic; its chemical structure means that it can compete for both dihydrotestos-
terone and aldosterone receptors. Cyproterone acetate can also compete for andro-
gen receptors, as well as having a central antigonadotropin effect. Oestrogens 
suppress the production of pituitary gonadotropins through a negative feedback 
mechanism, thus impairing spermatogenesis and testosterone production [19]. 
HPG axis suppression can also be achieved with GnRH analogues. This type of 
treatment is indicated in patients with Tanner stage I or II and blocks the develop-
ment of secondary sexual characteristics that are incongruous with the patient’s 
gender identity [20].
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15.4  Gonadotoxic Treatments: Clinical Effects

Neoplastic diseases: Chemo- and radiotherapy can affect fertility directly by dam-
aging the germ cells, or indirectly by damaging the Sertoli or Leydig cells or hypo-
thalamic–pituitary function. Their impact on fertility depends on the type of 
neoplasia and the treatment type, duration and dose, as well as the patient’s age 
[21, 22].

Germ cells: Low doses of chemo- or radiotherapy can deplete the pool of dif-
ferentiated spermatogonia without destroying the spermatogonial stem cells. The 
recovery of spermatogenesis after cytotoxic damage depends on the capacity of the 
mitotically quiescent spermatogonia to survive the treatment and reactivate the 
mitotic processes that lead to the production of differentiated spermatogonia. If the 
damage is severe, such as in the case of exposure to high cumulative doses of alkyl-
ating agents, the apoptotic pathway is activated in Ad cells, leading to persistent 
azoospermia.

It is difficult to establish the threshold dose of alkylating agents and platinum 
derivatives that will trigger irreversible damage. Green et al. [23] studied 214 adult 
survivors treated with alkylating agents at a median age of 7.7  years (range 
0.01–20.3 years), finding that a cumulative dose below 4000 mg/m2 did not affect 
spermatogenesis in adulthood. Azoospermia was found in the 25% of patients 
receiving a mean cumulative cyclophosphamide equivalent dose (CED) dose of 
10,830 mg/m2, oligozoospermia in the 27.5% of cases receiving a mean CED of 
8480 mg/m2 and normozoospermia in the 47.5% receiving a mean CED of 6626 mg/
m2. While damage from alkylating agents may be difficult to predict, despite its 
dose-dependent trend, damage induced by radiotherapy is easier to establish. Even 
single doses of less than 0.1 Gy lead to a transient arrest of spermatogenesis by 
damaging the differentiated spermatogonia. Cumulative doses of 2–3 Gy can affect 
the Ap cells, inducing long-term azoospermia, while doses above 6 Gy generally 
cause persistent azoospermia, involving the Ad spermatogonia [24].

Radiotherapy can also affect the circulatory system. The small vessels are sensi-
tive to irradiation, which accelerates the atherosclerosis process, thus causing 
degeneration of the smooth muscles, intimal and subintimal fibrin accumulation, 
fibrosis of the tunica adventitia, accumulation of foamy histiocytes in the vessel 
wall and obliteration of the vasa vasorum [25]. These effects are well known in 
adults undergoing radiotherapy, but there is a lack of data on the effects of radiation 
on testicular vascularization in pubertal patients.

Leydig cells: Leydig cell damage is less common. Most adolescents do not 
develop hypogonadism after antineoplastic treatments, and most prepubertal 
patients subsequently undergo normal pubertal development. Leydig cells therefore 
seem less vulnerable to damage. Leydig cell insufficiency, which may be clinically 
evident or identifiable through a compensatory increase in LH production with nor-
mal or slightly reduced testosterone levels, has been documented in cases of com-
bined procarbazine/bendamustine therapy and combined busulfan/cyclophosphamide 
therapy, especially in the setting of chemotherapy protocols actuated prior to a bone 
marrow transplant [26].
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Sertoli cells: Quantification of Sertoli cell damage is more complex, and few 
studies have been conducted in humans [27]. De Rooij et al. [28] analysed the tes-
ticles and epididymis of Rhesus macaques after single-dose or fractionated total 
body irradiation. The testicular weight was considerably lower than in subjects of 
the same age that had not been exposed to radiation.

Spermatogenesis was present in some seminiferous tubules in most of the irradi-
ated monkeys, indicating the ability to repopulate these structures with germ cells. 
By correlating the percentage of repopulated seminiferous tubules with testicular 
weight, it was hypothesized that the weight reduction could be attributed to death of 
the Sertoli cells, which, having a limited proliferative capacity, were unable to coun-
teract the damage. In fact, only immature Sertoli cells are able to proliferate, and the 
definitive number of Sertoli cells is reached before adulthood.

For this reason, if the immature Sertoli cells are damaged in prepuberty, this 
leads to a reduced testicular volume—or in other words, a reduction in the number 
of mature Sertoli cells—leading to impaired spermatogenesis.

Few studies have investigated semen quality in adolescent cancer patients. One 
of the first, by Kliesh et al. (1996) [29], evaluated the hormone profile and semen 
quality in 12 patients aged 14–17 years compared with 17 patients aged 18–20 years 
and 210 aged over 20 years. This study found differences in hormone concentra-
tions, with LH values significantly lower in the adolescents than in the adults. 
Testosterone levels, testicular volume, sperm concentration, the percentage of 
motile sperm and the percentage of abnormal forms were similar in all three groups. 
It should be noted that this study was limited by its small caseload.

Bahadur et al. (2002) [30] studied 238 patients with different neoplastic condi-
tions aged between 12 and 19 years. They found a similar sperm concentration in all 
patients except those with acute myeloid leukaemia, in whom it was lower. The 
semen volume was also similar for all diseases except Ewing’s sarcoma, which was 
associated with a higher volume, and acute lymphatic leukaemia, associated with a 
lower volume. Classification by age revealed that semen volume and sperm concen-
tration both increased with increasing age.

Daudin et al. (2014) [31] conducted a retrospective multicentre study of 4345 
patients aged 11 to 20 years with various types of neoplasia, namely lymphoma, 
leukaemia, germ cell tumours and osteosarcomas. A pre-treatment semen analysis 
revealed that the total sperm number was directly correlated with the patient’s age. 
However, this was true only for patients with leukaemia, lymphoma or osteosar-
coma, whereas there was an inverse correlation in patients with germ cell tumours, 
that is, the total sperm number decreased with increasing age. The percentage of 
motile sperm increased in proportion to age in both lymphoma and germ cell tumour 
patients, in line with the physiological maturation of the HPG axis.

A study conducted at the Division of Oncology at the Children’s Hospital of 
Philadelphia [32] also evaluated pre-treatment semen quality in 261 adolescents 
with neoplastic diseases. Most azoospermic patients were found in the youngest age 
group (35% in patients aged 11–14 years), whereas 19.5% of 15-to-17-year-olds 
and 9.7% of 18-to-30-year-olds were azoospermic prior to treatment. There was no 
significant difference in the percentage of azoospermia between the different 
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diseases considered in the study. In contrast, in non-azoospermic patients, the sperm 
concentration was significantly lower in testicular tumour patients (17.8 × 106/mL) 
than in HL patients (45.5 × 106/mL). A recent retrospective study [33] investigated 
197 adolescents aged between 11 and 19 years and 95 adults (aged over 19 years) 
with cancer. It found that 8.6% of the adolescents were azoospermic, and the preva-
lence of azoospermia dropped with age: only 3.2% of the 95 adult cancer patients 
were azoospermic. In the non-azoospermic patients, the median sperm concentra-
tion was 30  million/mL in adolescents and 39  million/mL in adults, while the 
median percentage of motile sperm was 39% in adolescents and 45% in adults 
(Table 15.1).

Table 15.1 Semen quality before treatment in adolescent cancer patients

Author Year
Total 
patients

Patients 
<18 years

Age 
range

Baseline 
assessment

Post- 
treatment 
assessment Results

Kliesch 
et al.

1996 239 12 >14 12 aged 
14–17 years;
17 aged 
18–20 years;
210 pts 
>20 years

N/A LH significantly 
lower in adolescents 
than adults; 
testosterone values 
and testicular 
volumes similar in 
both groups, as are 
sperm concentration, 
motility and 
morphology.

Bahadur 
et al.

2002 238 123 >12 238 pts 
<20 yreas;
71 healthy 
donors

N/A >85% of adolescents 
provided a semen 
sample adequate for 
future ART; semen 
parameters worse 
than those of healthy 
donors.

Daudin 
et al.

2015 4345 N/A 11–
20

11–14 years;
15–17 years;
18–20 years

N/A Leukaemias, 
lymphomas and 
sarcomas: Total 
sperm number 
directly associated 
with age group. Germ 
cell tumours: Total 
sperm number 
inversely associated 
with age group. 
Motility directly 
associated with age 
group only for 
testicular tumours 
and lymphomas.

(continued)
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Table 15.1 (continued)

Author Year
Total 
patients

Patients 
<18 years

Age 
range

Baseline 
assessment

Post- 
treatment 
assessment Results

DiNofia 
et al.

2016 339 140 11–
30

11–14 years;
15–17 years;
18–30 years

N/A Azoospermic patients: 
35% of 11–14-year-
olds, 19.5% of 
15–17-year- olds, 
9.7% of 18–30-year-
olds. Non-
azoospermic patients: 
Sperm concentration 
lower in testicular 
tumour patients 
(17.8 × 106/mL) than 
in HL patients 
(45.5 × 106/mL).

Halpern 
et al.

2019 292 167 >11 11–19 years;
>19 years

N/A Azoospermic 
patients: 8.6% of 
adolescents vs. 3.2% 
of adults. Non- 
azoospermic patients: 
Median sperm 
concentration 
30 million in 
adolescents vs. 
39 million in adults; 
median motility 39% 
in adolescents vs. 
45% in adults.

There is little information on pre- and post-antineoplastic treatment semen qual-
ity in adolescent patients. An early study by Meistrich et al. (1989) [34] investigated 
the post-treatment semen parameters of 37 osteosarcoma patients, but only six of 
these had also undergone pre-treatment semen analysis. Of these six, just two were 
aged 18 years or under, and their sperm concentration was within normal limits. 
Post-therapy analysis of all 37 patients was carried out at least 2 years after the end 
of a cisplatin, adriamycin, dacarbazine (PADIC) regimen; 13/37 were aged 18 years 
or under at the time of the therapy and of these, seven were normozoospermic, five 
oligozoospermic and one azoospermic. It should be stressed that the study is limited 
by the low caseload and the lack of data on pre-treatment semen quality.

In 2008, van Casteren et al. investigated pre- and post-treatment semen quality in 
80 pubertal patients with various types of neoplastic disease [35]. The age range 
was 13.9–18.7 years. Semen samples suitable for cryopreservation were taken from 
53 patients (66.7%), while 14 patients were azoospermic. Thirteen (16.3%) were 
unable to produce a sample by masturbation on the first attempt. This percentage is 
in line with other studies, which reported a masturbation failure rate in adolescents 
of 8.9–13.9% [30, 36, 37].
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The sperm concentration in the 53 patients with acute lymphoblastic leukaemia 
was higher than in patients with HL, acute myeloid leukaemia, autoimmune dis-
eases, brain tumours and solid tumours. The post-treatment semen quality was eval-
uated in 10 patients (median follow-up 1.1 year). Of these, four (two with sarcoma 
and two with HL) were azoospermic and the other six (three with germ cell tumour, 
two with HL and one with acute myeloid leukaemia) had motile sperm in their 
seminal fluid. The study therefore suggests that all boys aged 12 years or over who 
need to undergo gonadotoxic treatment should undergo semen cryopreservation, as 
they have entered the first phases of development (Table 15.2).

In some studies, semen quality was only investigated after treatment. Lopez 
Andreu et al. (2000) [38] investigated the semen quality of 43 adolescent cancer 
survivors at a median period of 13.6 years post-treatment. Azoospermia was found 
in 19% and severe oligoasthenoteratospermia in 5% of patients; only 37% were 
normozoospermic. Testicular hypotrophy and significantly increased serum FSH 
values were found in only half of the azoospermic patients. This suggests that can-
cer survivors should be routinely offered semen quality testing to establish their 
fertility regardless of their testicular volume or hormone concentrations.

Wilhelmsson et al. (2014) [39] also investigated post-treatment testicular func-
tion in a group of haemopoietic stem cell transplant patients after a mean of 13 years 
since the transplant. The patients were all under 18 years at the time of the trans-
plant. Twenty-one of the 31 patients undergoing semen quality testing were azo-
ospermic, and the remaining 10 had a mean total sperm number of 53 ± 76.9 × 106/
ejaculate. Two of these 10 patients had had leukaemia, and the other eight non- 
malignant diseases. The 10 non-azoospermic patients were compared against the 
azoospermic patients for testicular volume (19 ± 7.4 mL vs. 9 ± 4.9 mL) and FSH 
concentration (9 ± 4.4 IU/L vs. 22 ± 20.5 IU/L). The authors therefore suggested 
that a 10-year-post-treatment testicular volume of 15 ml or more could be a marker 
for the presence of sperm in the seminal fluid, with a sensitivity of 80% and a speci-
ficity of 91%.

A larger testicular volume and low serum FSH can also be seen in patients treated 
with cyclophosphamide or busulfan conditioning in comparison with those treated 
with total body irradiation, as observed by Servitzoglou et  al. (2015) [40] who 
investigated 171 patients with lymphoma a median of 9.3 years post-treatment. The 
authors measured FSH, LH and total testosterone, finding FSH above the upper 
limit of normal (fixed at 10 IU/L) in 42.1% of patients. Chemotherapy protocols 
containing cyclophosphamide, procarbazine and lomustine induced a significant 
increase in FSH, while no correlation was found between FSH or LH levels and the 
pubertal state at the time of diagnosis. HL patients showed an increased FSH cor-
related with exposure to procarbazine and influenced by the number of MOPP/
OPPA chemotherapy cycles, thus highlighting that the gonadotoxic effect of alkyl-
ating agents is dose-dependent.

Non-neoplastic diseases: Zhao et  al. (2019) [41] investigated, at least 1 year 
post-treatment, the hormone profile and semen parameters of five patients aged 
between 11 and 19 years who had undergone haemopoietic stem cell transplants for 
non-neoplastic diseases. Two patients were azoospermic, two were 
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oligoasthenoteratozoospermic and one oligoteratozoospermic. Four of the patients 
were prepubertal or in puberty at the time of the treatment. This study demonstrated 
that stem cell transplants do not affect pubertal development but may have a severe 
impact on spermatogenesis.

Studies investigating the preservation of fertility in transgender patients 
treated in adolescence are also rare. Chen et al. (2017) [42] evaluated 13 patients 
who had received a specialist assessment concerning the preservation of fertility. 
Seven of these were male to female, of whom only four underwent semen cryo-
preservation. This is in line with other published studies, which show that semen 
cryopreservation is not common in adolescent transgender patients [43]. The 
World Professional Association for Transgender Health standards of care clearly 
recommend discussing reproductive options with patients before treatment. It 
should be noted that for male to female gender transitions, semen may still be 
cryopreserved after hormone therapy has begun, as long as the treatment is sus-
pended for an adequate period.

15.5  Cryopreservation

Given all the above, cryopreservation of seminal fluid is a fundamental tool for 
preserving the fertility of patients of reproductive age who must undergo antineo-
plastic treatments that could impair spermatogenesis. It can also offer valuable psy-
chological comfort to those about to undergo therapeutic protocols that may 
significantly affect their quality of life [44]. Cryopreservation enables cells and tis-
sues to remain viable for an indefinite period of time through the use of cryogenic 
temperatures (−196 °C) at which all metabolic processes are suspended. Cell integ-
rity depends on the simultaneous interaction of different biochemical reactions, the 
equilibrium of which is regulated by homeostatic control mechanisms. Long-term 
cell preservation is thus made possible by reducing these reactions to a minimum. 
Achieving such low temperatures stops chemical reactions from taking place, creat-
ing a state of ‘suspended animation’.

Specific procedures must be followed to avoid irreversible damage and death of 
the cryopreserved cells. Cell damage can be avoided by using various cryoprotec-
tive solutions. These have different chemical compositions but they are all water 
soluble and all have a concentration-dependent toxicity. They act directly on the cell 
membrane, establishing electrostatic interactions to lower the solution’s freezing 
point, modifying both the intra- and extra-cellular environment. Cryoprotectants are 
used to protect sperm from dehydration, higher salt concentrations and thermal 
shock, to safeguard the integrity of the cell membrane, especially its lipoprotein 
component, and to optimize osmolarity in the extracellular fluids. It is essential to 
avoid excessively rapid temperature rises during thawing, to enable the cells to 
recover their normal biological activities. The cell structure of human sperm enables 
them to tolerate a series of temperature variations. They can withstand damage 
caused by fast initial freezing (cold shock) due to their high membrane fluidity, 
itself due to polyunsaturated acids in the double lipid layer, and their very low cyto-
plasmic content and, hence, low water content (around 50%) [45].
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15.6  Prepuberty

All the fertility preservation methods discussed above refer to patients who have 
already reached puberty and, hence, a sufficiently advanced sexual development to 
ensure adequate spermatogenesis. Preservation of fertility in prepubertal patients is 
a different matter. The damage induced by antineoplastic drugs affects sperm due to 
their rapid replication. Chemotherapeutic agents work by acting on mitotic division, 
causing sufficient damage to induce apoptosis. The greater the mitotic activity of the 
cell line, the greater the action of the chemotherapeutic agent.

Prepuberty is a period of hormonal quiescence and low testicular activity, so should 
be correlated with greater resistance to antineoplastic damage. However, impaired 
spermatogenesis has also been observed in adults who were treated with antineoplas-
tics between the ages of 2 and 10 years. Aubier et al. (1989) [46] studied 30 cancer 
patients, of whom 19 were prepubertal at the time of gonadotoxic therapy. On carry-
ing out a semen analysis a median of 9 years post-treatment, 12 of the 19 prepubertal 
patients were azoospermic. Dhabhar et al. (1993) [47] investigated semen quality in 
26 HL patients who had been treated with COPP/MOPP prior to puberty, finding, a 
median of 6 years post-treatment, that 18 of these patients were azoospermic.

These two studies demonstrate that spermatogenesis is damaged even with prepu-
bertal exposure to gonadotoxic therapies. It could therefore be hypothesized that there 
is some testicular activity even before puberty, because if the quiescence were abso-
lute, exposure to antineoplastic treatments should not cause such marked damage. In 
this field too, relatively few published studies have investigated prepubertal testicular 
function and related hormone regulation mechanisms, and they are mainly based on 
animal models. Kelnar et al. (2002) [48] compared the testicles of marmosets treated 
with GnRH antagonists against untreated controls, beginning the treatment at the 25th 
week of life. This phase can be equated to the period of pituitary–gonadal axis quies-
cence in humans. The treated monkeys presented a reduced level of testicular matura-
tion, demonstrating that quiescence was relative, not total. This leads to the hypothesis 
that the gonadal axis is blocked in prepuberty to make the Sertoli and Leydig cells less 
active and, consequently, less vulnerable to antineoplastic damage. However, the 
American Society of Clinical Oncology (ASCO) 2018 guidelines [49] do not recom-
mend the use of hormone therapy in humans to preserve fertility.

The use of antiapoptotic agents such as sphingosine-1-phosphate [50] or immuno-
modulators such as AS101 have not proven effective in combatting gonadotoxicity 
[51]. The only possible strategy is therefore cryopreservation of the testicular tissue 
(TT), with the aim of reimplanting the spermatogonial stem cells (SSC) or immature 
testicular tissue, or using the cells after in vitro maturation [52]. SSC transplantation, 
TT grafting and recent advances in in vitro spermatogenesis reached in animals, have 
opened new possibilities to restore fertility in humans. However, these techniques are 
still experimental [53] and their efficiency depends on the amount of SSCs available 
for fertility restoration. Therefore, maintaining the number of SSCs is a critical step 
in human fertility preservation. Standardizing a successful cryopreservation method 
for TT and testicular cell suspensions is most important before any clinical applica-
tion of fertility restoration could be successful [54].
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15.7  Discussion

Cryopreservation of seminal fluid is the only validated method to ensure access 
to assisted reproduction techniques for all patients who have to undergo antineo-
plastic therapies. It is routinely offered to adults, but is less often suggested to 
pubertal patients. There are many reasons for this, including unawareness of 
medical staff, ethical and religious motives, objections of parents/guardians, 
doubts over prepubertal semen quality, and inability to masturbate. The available 
studies in the literature demonstrate that in most cases, even in young patients, 
there may be normozoospermia or in any case the presence of enough sperm to 
enable cryopreservation. The possibility that young patients are unable to collect 
the sample due to their disease or embarrassment is marginal, and should not 
prevent the procedure from being suggested. The need for rapid diagnosis and 
initiation of treatment often means that the protection of fertility is only a sec-
ondary consideration, but young patients and their families should be offered 
adequate counselling so that a decision on whether or not to cryopreserve the 
patient’s semen can be made in full awareness of the facts. It has been demon-
strated that there is a greater chance of collecting a cryopreservable semen sam-
ple not only from adolescents with a more advanced Tanner stage but also from 
those who have received adequate specialist counselling and feel supported by 
their family [55]. The 2018 ASCO guidelines [49] reiterate this concept, empha-
sizing that medical staff must describe the risks of the treatment for fertility to 
both adult and paediatric patients and, if the patient is interested, refer him to a 
specialist in reproductive medicine.

15.8  Conclusions

Semen cryopreservation should be offered to all patients about to undergo poten-
tially gonadotoxic treatments, regardless of their age at the time of diagnosis, as it 
is currently the only strategy to preserve their future fertility. In most cases, the 
quality of seminal fluid in young patients is sufficient to provide an adequate sam-
ple. There is still little information on the effect of antineoplastic treatments during 
puberty and this aspect should be further investigated, to understand if the damage 
and potential recovery of spermatogenesis in paediatric patients is similar to that 
seen in young adults.
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