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virilized XY patients with persistent müllerian ducts, serum 
AMH levels determine the diagnosis to AMH deficiency or 
resistance. At pubertal age, inhibin B levels serve to predict 
spermatogenic development.  © 2017 S. Karger AG, Basel 

 In this review, we will address the usefulness of serum 
testicular protein hormone determination and the inter-
pretation of the results in patients with disorders of sex 
development (DSD). To this end, we will first discuss the 
role of these testicular peptides in normal fetal sex differ-
entiation and the ontogeny of their expression and circu-
lating levels, primarily focused in human, in order to set 
the background for the understanding of their clinical 
utility.

  Testicular Protein Hormones in Fetal Sex 

Differentiation 

 The idea that testicular secretions drive male-specific 
genital changes during fetal development dates from the 
beginning of the 20th century, when the French research-
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 Abstract 

 Commonly known for testosterone secretion, the testes also 
produce the protein hormones anti-müllerian hormone 
(AMH), inhibin B, and insulin-like factor 3 (INSL3). AMH and 
inhibin B are secreted by Sertoli cells, whereas INSL3 is a Ley-
dig cell product. AMH is involved in fetal sex differentiation 
and induces the regression of the anlagen of the uterus and 
fallopian tubes. INSL3 participates in fetal testicular descent. 
Serum testicular protein hormone assessment can be very 
useful and complementary to testosterone measurements 
in patients with DSD. AMH and inhibin B determination is 
extremely helpful during childhood, when basal testoster-
one is normally low. Serum AMH and inhibin B above the 
female range are indicative of the presence of testicular tis-
sue, and their circulating levels reflect the amount of func-
tional Sertoli cells. In DSD patients with normal male levels 
of AMH and inhibin B, the diagnosis of gonadal dysgenesis 
can be ruled out, and isolated androgen secretion deficiency 
or androgen insensitivity should be suspected. In externally 
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ers Bouin and Ancel identified Leydig cells in the intersti-
tial testicular tissue. Further experiments by other French 
scientists, Courrier and Jost, set the basis for the modern 
theories of fetal sex differentiation, as they observed that 
the administration of the steroid 17-ethinyltestosterone 
masculinized female fetuses without preventing mülleri-
an duct development [reviewed by Josso, 2008]. Jost’s 
ground-breaking experiments of microsurgery in rabbit 
fetuses provided compelling evidence of the existence of 
2 discrete testicular products involved in sex differentia-
tion: testosterone, responsible for the differentiation of 
wolffian ducts, the urogenital sinus, and external genita-
lia, and a second testicular secretion responsible for mül-
lerian duct regression [Jost, 1953]. However, the novel 

concept that this second testicular hormone was not a 
steroid but a glycoprotein only came to light in the 1980s 
when Picard and Josso purified the müllerian inhibitor 
[Picard and Josso, 1984], thereafter called anti-müllerian 
hormone (AMH) or müllerian inhibiting substance 
(MIS). DSD are usually associated with disorders in the 
secretion or action of androgens and/or AMH, as dis-
cussed below.

  The testes produce protein hormones of 2 other types 
as well. One of them is also involved in fetal development 
and was described towards the end of the 20th century: 
the successively called relaxin-like factor (RLF), Leydig 
cell insulin-like (Ley-I-L) peptide, and insulin-like factor 
3 (INSL3) drives the initial phase of testis descent by 

Serum  hormone levels

Birth

3-6 
months

Childhood Puberty

1st

Trimester

AMH

Inhibin B

T and
INSL3

FSH

LH

2nd - 3rd

Trimesters
Fetal life

W.D.

E.G. Penile & scrotal growth

M.D.

  Fig. 1.  Serum hormone levels during fetal and postnatal development and events related to fetal sexual differen-
tiation. M.D, müllerian duct regression; E.G., virilization of external genitalia; W.D, wolffian duct differentiation; 
AMH, anti-müllerian hormone; T, testosterone; INSL3, insulin-like factor 3; FSH, follicle-stimulating hormone; 
LH, luteinizing hormone. Modified with permission from Grinspon et al. [2014]. 
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thickening the gubernacular ligaments linking the testes 
to the inguinal region [reviewed by Ivell et al., 2013]. De-
fects in the INSL3 axis are rare and only result in cryptor-
chidism but not in 46,XY DSD.

  Finally, the testes secrete peptides of the inhibin/ac-
tivin family, including α and βB subunits. The dimeriza-
tion of an α and a βB subunit gives rise to inhibin B, 
whereas the dimerization of 2 β subunits gives rise to ac-
tivins [reviewed by Namwanje and Brown, 2016]. Inhibin 
B is recognized as the major factor involved in the nega-
tive feedback of pituitary FSH secretion. Although not 
involved in fetal sex differentiation, inhibin B has become 
a useful marker of testicular function in pediatric and 
adult patients.

  Normal Serum Levels in the Boy and the Adolescent 

 Like testicular steroids, the protein hormone INSL3 is 
synthesized by Leydig cells. In the human fetus, Leydig 
cell expression of INSL3 is maximal already in the first 
half of gestation. After birth, INSL3 serum levels also 
mimic those of testosterone ( Fig. 1 ). They are high until 
the 3rd–6th month and then decline to very low levels 
until the onset of puberty, when they increase again, fol-
lowing the LH pattern [Bay and Andersson, 2011]. The 
main difference between testosterone and INSL3 as Ley-
dig cell markers is that INSL3 does not respond acutely to 
an LH or hCG stimulus. Likewise, INSL3 does not exert 
any feedback on pituitary LH secretion.

  AMH and inhibin B are markers of the seminiferous 
tubules. Nonetheless, there are differences in their ex-
pression patterns ( Fig.  1 ) and regulatory mechanisms, 
which are responsible for their usefulness and interpreta-
tion as functional markers in patients with DSD. AMH is 
specifically secreted by Sertoli cells. Its expression is initi-
ated by local factors independently of FSH in the 7th week 
of gestation, but then FSH regulates AMH testicular out-

put by modulating Sertoli cell proliferation and AMH ex-
pression in each Sertoli cell [Lasala et al., 2004, 2011]. Like 
all testicular hormones ( Table 1 ), AMH levels decrease 
perinatally [Bergadá et al., 2006] but then increase again 
gradually until the second year of life [Aksglæde et al., 
2010; Grinspon et al., 2011]. During childhood, serum 
AMH remains stable and decreases dramatically during 
the first stages of puberty, when its expression is inhibited 
by the increasing intratesticular androgen concentration 
[reviewed by Rey et al., 2009].

  Inhibin α and βB subunits are mainly synthesized by 
Sertoli cells, but expression in other testicular cells has 
been described [Andersson et al., 1998; Anderson et al., 
2002]. Like AMH, inhibin B is also low at birth ( Table 1 ) 
and increases during the first month of life [Bergadá et al., 
2006]. Serum inhibin B peaks in the first 2 years in boys 
[Kelsey et al., 2016], then declines but remains clearly 
above female levels, and increases again from the onset of 
puberty to reach adult levels [Bergadá et al., 1999; Lahlou 
and Roger, 2004; Kelsey et al., 2016]. Inhibin B reflects 
Sertoli cell number and its regulation by FSH in the pre-
pubertal boy [Raivio et al., 2007], whereas it also reflects 
spermatogenic development after pubertal onset [Anders-
son and Skakkebæk, 2001].

  Pathophysiological Classification of DSD 

 A better interpretation of circulating levels of testicu-
lar protein hormones can be achieved in the assessment 
of patients with DSD when the underlying pathophysiol-
ogy is considered. A major division can be made between 
those conditions where there is an abnormal secretion or 
action of the sex hormones and those that are not endo-
crine-related.

  Endocrine-related disorders represent the vast major-
ity of DSD. They include conditions associated with fetal-
onset male primary hypogonadism and with end-organ 

Hormone Boys  Girls

day 2 day 30  day 2 day 30

AMH, pmol/L 371 ± 168 699 ± 245 7 ± 6 18 ± 21
Inhibin B, pg/mL 214 ± 86 361 ± 93 nd 125 ± 41
Testosterone, ng/dL 66 ± 42 210 ± 130 30 ± 10 34 ± 8

 Hormone levels are given as mean ± SD. Testosterone levels were measured by RIA 
using extractive methods, and AMH and inhibin B were measured by ELISA. Modified 
with permission from Bergadá et al. [2006]. nd, not detectable.

Table 1.  Serum levels of gonadal 
hormones during the first month of 
life
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insensitivity to testicular hormones in patients carrying a 
Y chromosome or those related to an excessive androgen 
production in XX patients [reviewed by Rey and Grin-
spon, 2011]. Fetal-onset primary hypogonadism may re-
sult from an abnormal differentiation of the gonads, i.e., 
dysgenetic DSD with its wide range from pure gonadal 
dysgenesis to the formation of ovotestes, characterized by 
an insufficient production of all testicular hormones. Al-
ternatively, a dissociated fetal-onset primary hypogonad-
ism may exist, characterized by an isolated defect in hor-
mone production by either Leydig cells (androgens/
INSL3) or Sertoli cells (AMH/inhibin B). Finally, ambig-
uous genitalia may result in eugonadal states owing to 
defects in the androgen or the AMH receptor in XY pa-
tients or to excessive androgen production, e.g., congeni-
tal adrenal hyperplasia or aromatase deficiency in XX pa-
tients.

  Non-endocrine related DSD include all malforma-
tions of the external and internal genitalia due to mor-
phogenetic defects in their primordia occurring in early 
embryogenesis, i.e., during the undifferentiated stage, not 
associated with gonadal dysfunction or hormone insen-
sitivity [Grinspon and Rey, 2014].

  The scope of this review is to address the usefulness of 
testicular protein hormones in the differential diagnosis 
of DSD. Therefore, we will not include Turner and Kline-
felter syndromes in our discussion, since these patients 
usually seek medical attention for other reasons than sex-
ual ambiguity.

  Serum Levels of Testicular Protein Hormones in DSD 

 Non-Endocrine Related DSD: Malformative DSD 
 Because the genital abnormalities are not due to defec-

tive secretion or action of gonadal hormones, serum lev-
els of testicular protein hormones are expected to be nor-
mal in malformative DSD ( Table 2 ), for which only very 
few data exist in the literature. In a large series of patients 
with isolated hypospadias and no other signs of undervir-
ilization, AMH and inhibin, as well as androgens, were 
within the normal range in more than 85% of the cases, 
suggesting that the condition was malformative [Rey et 
al., 2005]. Rarely, mutations have been identified in genes 
related to sexual development in patients with distal hy-
pospadias and apparently normal testicular hormone lev-

Table 2.  Serum hormone levels in DSD

DSD AMH Inhibin B INSL3 Testosterone

Non-endocrine (malformative) DSD
Defective morphogenesis of the gonadal ducts

Müllerian duct aplasia
Absence of the vasa deferentia

Defective morphogenesis of the cloaca and 
urogenital sinus

Cloacal malformations
Exstrophy of the bladder

Defective morphogenesis of the primordia of 
the external genitalia

Aphallia, bifid phallus
Isolated hypospadias

46,XY DSD or 46,XX DSD normal for sex normal for sex normal for sex normal for sex

Endocrine DSD
Dysgenetic DSD (abnormal gonadal differentiation)

Complete gonadal dysgenesis  46,XY DSD or chromosomal DSD undetectable undetectable undetectable undetectable
Partial testicular dysgenesis
Asymmetric gonadal differentiation
Ovotesticular DSD

 46,XY DSD or chromosomal DSD between M & F between M & F between M & F between M & F

Non-dysgenetic DSD 46,XY
Leydig cell aplasia
Leydig cell hypoplasia

 46,XY DSD
 46,XY DSD

M
M

M
M

undetectable
between M & F

undetectable
between M & F

Steroidogenic defects  46,XY DSD M M M between M & F
Androgen insensitivity  46,XY DSD M M M M
Defects of AMH production
AMH resistance

 46,XY DSD
 46,XY DSD

undetectable
M

M
M

M
M

M
M

 Levels of INSL3 are those theoretically expected. F, female range; M, male range.
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els [Kalfa et al., 2013; Ahmed et al., 2016]. In patients with 
proximal (penoscrotal, scrotal, or perineal) hypospadias, 
even if isolated, an endocrine etiology is likely in up to 
30% of the cases [Boehmer et al., 2001], and a genetic 
cause may be identified in approximately 40% [Ahmed et 
al., 2013].

  From a practical point of view, the diagnosis of mal-
formative DSD should be considered when there is in-
consistency in the development of the different compo-
nents of the reproductive tract and gonadal hormones are 
within the normal range. Other situations where the de-
termination of testicular hormones is useful are those 
where the external malformation precludes the anatomic 
assessment of the genitalia in the newborn, e.g., bladder 
exstrophy or cloacal malformations. In these cases, serum 
hormone levels of testicular protein and steroid hor-
mones can easily define if the newborn has testes or ova-
ries [reviewed in Grinspon and Rey, 2014].

  Dysgenetic DSD 
 The undifferentiated gonadal ridges are bipotential 

until the 6th week in the human embryo. The prevalence 
of one of the antagonistic signaling networks operating at 
that stage leads the gonadal ridges to engage in the tes-

ticular or the ovarian pathway, irrespective of the XY or 
XX karyotype of the embryo [Svingen and Koopman, 
2013; Lin and Capel, 2015]. Disruption of these signaling 
networks results in a disordered gonadal differentiation 
which may range from complete (pure) gonadal dysgen-
esis, characterized by the existence of streak gonads, to 
milder forms of testicular or ovarian dysgenesis, and even 
to the occurrence of bisexual gonads containing both tes-
ticular and ovarian tissue, i.e., ovotestes [reviewed by Rey 
and Grinspon, 2011].

  Testicular, but not ovarian, dysgenesis affects genital 
differentiation during fetal life. In this category, we have 
included gonadal dysgenesis seen in patients with differ-
ent karyotypes ( Table 2 ): 46,XY, 45,X/46,XY, and other 
mosaicisms containing a Y chromosome, and also 46,XX 
patients with testicular differentiation (i.e., 46,XX testicu-
lar DSD or XX males, and 46,XX ovotesticular DSD). Tes-
ticular dysgenesis results in insufficient production of all 
male hormones, i.e., congenital primary hypogonadism 
affecting all cell lineages, which impairs the virilization of 
the genital primordia. The resulting phenotype may vary 
from completely female to mild undervirilization.

   AMH.  In patients with dysgenetic DSD, serum AMH 
is low or undetectable ( Fig. 2 ), reflecting the number of 

Serum
AMH < 1 yr 1 - 9 yr > 9 yr

CG
D O
T

CA
IS

PA
IS

LC
D

CA
IS

CA
IS

LC
D

  Fig. 2.  AMH levels in patients with DSD 
per age. The shaded area represents the 
normal male levels. CGD, complete gonad-
al dysgenesis; PTD, partial testicular dys-
genesis; OT, ovotesticular dysgenesis; 
LCD, Leydig cell disorders (aplasia, hypo-
plasia, steroid enzyme defects); CAIS, com-
plete androgen insensitivity syndrome; 
PAIS, partial androgen insensitivity syn-
drome. Modified with permission from 
Josso et al. [2012]. 
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functional Sertoli cells and indirectly the amount of tes-
ticular tissue [Rey et al., 1999; Josso et al., 2012; Lindhardt 
Johansen et al., 2013; Hafez et al., 2014]. Because of absent 
or insufficient AMH action during fetal life, these patients 
present with müllerian remnants. Serum AMH determi-
nation is not helpful to distinguish between bilateral tes-
ticular dysgenesis and asymmetric gonadal differentia-
tion, also called mixed testicular dysgenesis, usually as-
sociated with a 45,X/46,XY karyotype [Rey et al., 1999]. 
Because AMH acts locally during fetal differentiation of 
the sex organs, a hemi-uterus and one fallopian tube is 
generally present on the side of the streak gonad. How-
ever, it should be noted that 45,X/46,XY may present with 
bilaterally dysgenetic testes or even with normal gonads.

  The spectrum of testicular differentiation in 46,XX 
DSD fetuses is wide. Typical XX males do not present 
genital abnormalities, because the testes secrete normal 
levels of testicular hormones until the age of puberty; this 
is usually the case in  SRY -positive patients [reviewed by 
Grinspon and Rey, 2016]. When the testes are clearly dys-
genetic thus resulting in the development of ambiguous 
genitalia, as frequently observed in  SRY -negative pa-
tients, serum AMH is low ( Fig. 2 ). Finally, in patients with 
ovotesticular DSD, testicular tissue is usually dysgenetic, 
especially in  SRY -negative cases [Grinspon et al., 2016]. 
However, the circulating levels of AMH are clearly higher 
than in patients with exclusively ovarian tissue. There-
fore, an AMH value higher than that expected for a female 
suggests the existence of ovotestes and rules out other 
causes of virilization in XX newborns, like aromatase de-
ficiency, androgen-secreting tumors, or the exposure to 
androgenic compounds [reviewed by Rey and Grinspon, 
2011; Lindhardt Johansen et al., 2013].

   Inhibin B.  Like AMH, inhibin B is a useful serum 
marker for the existence of functional testicular tissue. A 
recent study in DSD patients that assessed cut-off levels 
for inhibin B to discriminate between the absence and 
presence of testicular tissue reported a positive predictive 
value of 86% and a negative predictive value of 90% for 
inhibin B levels <41.9 pg/mL [Hafez et al., 2014]. Serum 
inhibin B is low in patients with partial testicular dysgen-
esis ( Fig. 3 ) [Kubini et al., 2000] with certified mutations 
disrupting genes of the testicular differentiating pathway 
like  SF1  [Köhler et al., 2009; Allali et al., 2011; Warman et 
al., 2011] and in patients with asymmetric gonadal differ-
entiation [Martinerie et al., 2012]. Lower expression of 
the inhibin α subunit has been observed by immunohis-
tochemistry in dysgenetic testicular samples [Lepais et al., 
2016].

  Serum inhibin B is particularly useful for the assess-
ment of seminiferous tubule function at the age of pu-
berty in DSD patients assigned as males. The occurrence 
of a low inhibin B level is usually associated with im-
paired pubertal development and infertility in 45,X/46,XY 
patients [Martinerie et al., 2012], whereas normal inhib-
in B levels may predict the occurrence of spontaneous 
pubertal onset, although a subsequent fall of inhibin B 
and an elevation of FSH may indicate primary gonadal 
failure in adulthood [Lindhardt Johansen et al., 2012]. In 
XX males, serum inhibin B may be normal/low before 
puberty [Kubini et al., 2000; Jain et al., 2013; Haines et 
al., 2015] but decreases to undetectable levels later on, 
reflecting germ cell loss like in Klinefelter patients [Aks-
glæde et al., 2008].

Serum
Inhibin B

PMDSAISLCDPTDCGD

  Fig. 3.  Inhibin B levels in patients with DSD. The shaded area 
represents the normal male level; thin line = 50th centile, thick 
lines = 5th and 95th centiles. CGD, complete gonadal dysgene-
sis; PTD, partial testicular dysgenesis; LCD, Leydig cell disor-
ders (aplasia, hypoplasia); AIS, androgen insensitivity syndrome; 
PMDS, persistent müllerian duct syndrome. Data obtained from 
Kubini et al. [2000]. 
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   INSL3.  Insufficiency of INSL3 might be partially re-
sponsible for testicular maldescent in DSD patients. 
However, except for Klinefelter syndrome [Rohayem et 
al., 2015], no reports exist on serum INSL3 in genetically 
certified DSD. A recent report showed the existence of 
low INSL3 levels in males with hypospadias and cryptor-
chidism, associated with the exposure to an environmen-
tal disruptor [Toft et al., 2016].

  Non-Dysgenetic DSD 
 In these cases, either the androgen- or the AMH-de-

pendent fetal sex differentiation pathway is affected, but 
not both ( Table 2 ). In the former, the newborn presents 
with undervirilized or female external genitalia but does 
not have fully developed müllerian derivatives. Converse-
ly, in the latter, a uterus and fallopian tubes are present in 
the externally virilized patient [for a detailed review, see 
Rey and Grinspon, 2011].

  Defects of Androgen Synthesis 
 Congenital isolated Leydig cell disorders occur in 

46,XY fetuses with testicular differentiation and normal 
Sertoli cell development due to inactivating mutations in 
the luteinizing hormone/chorionic gonadotropin recep-
tor (LHCG-R) leading to Leydig cell aplasia/hypoplasia, 
or in the proteins or enzymes involved in testosterone or 
DHT synthesis, i.e., StAR, P450scc, P450c17, 3β-HSD, 
17β-HSD, and 5α-reductase.

   AMH.  Normal to high serum levels of AMH are a dis-
tinctive characteristic of DSD owing to primary Leydig 
cell-specific congenital hypogonadism [Rey et al., 1999]. 
This feature is helpful in patients with ambiguous or fe-
male genitalia to rule out gonadal dysgenesis [Grinspon 
et al., 2014]. The elevation of AMH testicular output, es-
pecially in the first months after birth and at the age of 
puberty in non-gonadectomized patients ( Fig. 2 ), is prob-
ably due to an elevation of FSH, which induces Sertoli cell 
proliferation and AMH expression [Lasala et al., 2004, 
2011], and the lack of the inhibition normally exerted by 
androgens on AMH production [Edelsztein et al., 2016].

  In the few patients with deficiency of 5α-reductase in 
whom it was assessed, serum AMH was in the lowest part 
or below the normal male range. Because intratesticular 
androgen concentration and androgen receptor expres-
sion are normal and FSH is not elevated, serum AMH is 
not increased in these patients [Stuchi-Perez et al., 2005; 
Vija et al., 2014].

   Inhibin B.  Inhibin B levels have been studied in very 
few patients with impaired testicular androgen produc-
tion ( Fig. 3 ). Like AMH, it was found within the lower 

part of the normal range [Kubini et al., 2000; Sánchez-
Garvín et al., 2013], indicating a fairly normal functional 
status of prepubertal Sertoli cells.

   INSL3.  Although serum INSL3 is a proven marker of 
Leydig cell function before and after birth [Mitsui et al., 
2015], it has not been assessed in DSD patients with pur-
portedly isolated Leydig cell impairment.

  Defects of Androgen Action 
 Androgen receptor mutations lead to complete (CAIS) 

or partial (PAIS) androgen insensitivity syndrome (AIS). 
Usually, partial forms seek medical attention at birth ow-
ing to genital ambiguity, whereas complete forms are di-
agnosed at pubertal age owing to primary amenorrhea in 
an otherwise normal girl unless a karyotype is performed 
before. Testicular hormone production is not impaired 
before puberty, and these patients can therefore be con-
sidered eugonadal during fetal life and childhood.

   AMH.  Because Sertoli cells differentiate normally in 
AIS fetuses, serum AMH is normal or elevated [Rey et al., 
1994, 1999; Morel et al., 2002]. Interestingly, the pitu-
itary-gonadal axis shows different features during the 
first months of life in CAIS and PAIS. In a newborn with 
CAIS, FSH remains low, which probably explains why se-
rum AMH is not as high as expected. Conversely, in PAIS, 
FSH is higher and induces AMH elevation [Bouvattier et 
al., 2002]. During childhood, gonadotropin levels drop 
and serum AMH remains within the normal male range 
[Rey et al., 1994, 1999]. At the age of puberty, if gonadec-
tomy has not been performed, serum AMH increases to 
very high levels in CAIS ( Fig. 2 ), reflecting the lack of the 
inhibitory effect normally exerted by androgens [Rajpert-
De Meyts et al., 1999; Vija et al., 2014]. In PAIS, the eleva-
tion of intratesticular testosterone concentration induces 
a partial inhibition of AMH expression. Nonetheless, 
AMH levels remain inadequately high for the concomi-
tant circulating testosterone [Rey et al., 1999; Bouvattier 
et al., 2006].

   Inhibin B.  There are few studies reporting inhibin B 
levels in pediatric patients with AIS ( Fig. 3 ). In prepuber-
tal subjects with AIS, inhibin B levels are in the normal 
male range or slightly elevated [Kubini et al., 2000; Hell-
mann et al., 2012]. After pubertal onset and through 
adulthood, inhibin B accurately reflects spermatogenic 
function in PAIS males: it is low in patients with impaired 
sexual function [Bouvattier et al., 2006] but normal in pa-
tients with milder forms with preserved fertility [Giwerc-
man et al., 2000].

   INSL3.  No reports exist on INSL3 levels in patients 
with AIS.
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  Defects of AMH Synthesis or Action 
 Isolated failure of AMH secretion or action on mülle-

rian ducts in the 46,XY fetus results in the persistent mül-
lerian duct syndrome (PMDS), characterized by the pres-
ence of a uterus and fallopian tubes in an otherwise nor-
mally virilized patient who is usually seeking medical 
attention for cryptorchidism. Approximately 85% of cas-
es are due to mutations in the genes coding for AMH or 
its type 2 receptor in roughly equal proportions [reviewed 
by Josso et al., 2012].

   AMH.  In patients with mutations in the  AMH  gene, 
serum AMH levels are undetectable or extremely low due 
to a lack of AMH expression or to instability of the mu-
tant protein ( Fig. 4 ). Since these patients are evaluated for 
cryptorchidism, anorchia may be suspected. However, 
normal serum inhibin B (see below) and testosterone re-
sponse to hCG rules out this possibility and leads to the 
diagnosis of PMDS. In rare cases, normal serum AMH 
levels have been described where a mutation disturbs the 
AMH receptor interaction but not its detection by anti-
bodies used in ELISA tests [Belville et al., 2004]. In pa-
tients with insensitivity to AMH due to mutations in the 
 AMHR2  gene, serum AMH is readily detectable within a 
variable range. 

  Inhibin B.  The association of normal inhibin B and 
FSH levels is clearly indicative for the presence of func-
tional testicular tissue in PMDS boys with bilaterally non-

palpable gonads and undetectable serum AMH [Kubini 
et al., 2000; van der Zwan et al., 2012].

   INSL3.  Like testosterone, INSL3 levels are expected to 
be within the male range, yet no studies have been pub-
lished reporting serum INSL3 determination in PMDS.

  Usefulness of Serum Testicular Protein Hormone 

Assessment in the Diagnosis of DSD 

 The results of the endocrine assessment of DSD pa-
tients need to be analyzed according to their age ( Table 1 ; 
 Fig. 1 ). Basal AMH and inhibin B are extremely useful to 
assess the existence and functional state of testicular tis-
sue during childhood, when testosterone or INSL3 deter-
mination can only be used after an hCG test. When a pa-
tient of pubertal age needs to be evaluated, AMH may be 
less informative since it normally declines at puberty, 
whereas inhibin B and INSL3 are very useful, like testos-
terone and gonadotropins.

  In the following sections, the diagnostic value of tes-
ticular protein hormones will be addressed according to 
the widely accepted clinical classification of DSD, pro-
posed after the recently updated Chicago Consensus 
Conference [Hughes et al., 2006; Lee et al., 2016].

0 5 10 15 20 25

Serum AMH

Age , years

AMH

Undetermined
AMHR2

Defec ve gene

  Fig. 4.  AMH levels in patients with persis-
tent müllerian duct syndrome (PMDS). 
The shaded area represents the normal 
male level.  AMHR2 , AMH receptor type 2. 
Modified with permission from Imbeaud 
et al. [1996] 
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  46,XY DSD 
 Ambiguous Genitalia 
 As discussed above, the occurrence of ambiguous gen-

italia in 46,XY newborns indicates either an early non-
endocrine dysmorphogenesis of the genital primordia or 
a later insufficient androgen secretion or action. 

  Serum AMH, inhibin B, and INSL3 in the normal male 
range indicate the existence of functionally normal testes 
in a newborn with multiple malformations of the abdom-
inal wall or the pelvic and anogenital region, thus leading 
to the diagnosis of malformative DSD ( Table 2 ).

  When AMH, inhibin B, and INSL3 are low, testicular 
dysgenesis is the most likely diagnosis ( Fig. 2 ,  3 ). The in-
terpretation of the results may prove difficult in the first 
week, owing to the normal transient decrease occurring 
at that moment, and may require a new evaluation in the 
2nd or 3rd week of life.

  Serum AMH and inhibin B levels in the male range 
with low INSL3 – in association with low testosterone – 
should prompt the diagnosis of Leydig cell hypoplasia, 
whereas steroidogenic defects should be suspected when 
AMH, inhibin B, and INSL3 are normal or elevated but 
testosterone is low. Finally, if all testicular hormones are 
in the male range, AIS and 5α-reductase deficiency are the 
main differential diagnoses.

  In older infants or children, basal INSL3 (and testos-
terone) are no longer informative. However, determi-
nation of basal AMH and inhibin B remains useful to 
distinguish between dysgenetic DSD and defects of an-
drogen production (including Leydig cell aplasia, ste-
roidogenic defects, and 5α-reductase deficiency) or ac-
tion (AIS).

  At the age of puberty, if the patient has not undergone 
gonadectomy, persistence of relatively high levels of 
AMH is indicative of PAIS, whereas a decline is more 
compatible with 5α-reductase deficiency or partial forms 
of steroidogenic defects allowing some testosterone pro-
duction. The functional prognosis is better asserted by 
measuring inhibin B levels; a lack of normal pubertal in-
crease is a sign of poor prognosis for spermatogenic de-
velopment and fertility.

  Female Genitalia 
 In a 46,XY newborn/infant with completely feminized 

external genitalia, pure gonadal dysgenesis, Leydig cell 
aplasia, extremely severe steroidogenic defects, and CAIS 
are the possible diagnoses. Undetectable levels of AMH 
and inhibin B are indicative of pure (complete) gonadal 
dysgenesis ( Fig. 2 ,  3 ). Normal/high levels of AMH and 
inhibin B are seen in the remaining conditions, with un-

detectable INSL3 expected in Leydig cell aplasia and nor-
mal INSL3 expected in steroidogenic defects and CAIS. 
Basal INSL3 is not supposed to be informative during 
childhood. If the patient has not been gonadectomized at 
the age of puberty, results are similar to those observed 
during the postnatal activation period.

  46,XX DSD 
 Ambiguous Genitalia 
 In a 46,XX patient of any age with ambiguous external 

genitalia, serum AMH and inhibin B levels that are above 
the normal female range raise the suspicion of ovotesticu-
lar or testicular DSD ( Fig. 2 ,  3 ). The interpretations al-
ready made for 46,XY dysgenetic DSD apply. Other forms 
of 46,XX DSD (aromatase deficiency, congenital adrenal 
hyperplasia) can be ruled out.

  Male Genitalia 
 If gonads are not palpable, the finding of AMH and 

inhibin B in the male range confirm the presence of in-
traabdominal testes in an XX male. Female-range levels 
are found in patients with congenital adrenal hyperplasia 
with complete virilization (Prader V score).

  In patients with scrotal testes, AMH and inhibin B are 
in the normal male range until puberty, and then they de-
cline like in patients with Klinefelter syndrome, reflecting 
the deterioration of seminiferous tubules.

  Chromosomal DSD 
 In these patients, serum levels of AMH and inhibin B 

are commensurate with the amount of functional testicu-
lar tissue that has developed. The interpretation of hor-
mone levels is similar to that described in 46,XY dysge-
netic DSD patients.

  Concluding Remarks 

 The assessment of testicular protein hormone levels in 
serum can be very useful and complementary with tes-
tosterone and gonadotropin determination in patients 
with DSD. Reasonable amount of information is avail-
able for AMH and somewhat less for inhibin B. Both 
markers are extremely useful particularly during child-
hood, when the other reproductive hormones are nor-
mally low, thus not informative unless dynamic tests are 
performed. Serum AMH and inhibin B above the female 
range are indicative of the presence of testicular tissue, 
and their levels reflect the amount of functional Sertoli 
cells. If they attain normal male levels, the diagnosis of 
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gonadal dysgenesis is unlikely, and those related to iso-
lated androgen secretion deficiency or AIS may be fa-
vored. At pubertal age, inhibin B levels serve to predict 
spermatogenic development.

  Biochemical investigations are a helpful tool for the 
achievement of an accurate diagnosis in patients with 
DSD. However, lack of sufficient sensitivity and overlap-

ping results may represent drawbacks in partial forms of 
DSD. As the availability of high-throughput genetic tech-
nologies increases and their cost decreases, the use of 
comparative genomic hybridization microarray and 
exome- or even whole-genome sequencing is likely to be-
come a routine diagnostic tool for DSD patients in a near 
future.
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