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Abstract
Background: The suspicion of a disorder of sex develop-
ment (DSD) often arises at birth, when the newborn presents 
with ambiguous genitalia, or even during prenatal ultra-
sound assessments. Less frequently, the aspect of the exter-
nal genitalia is typically female or male, and the diagnosis of 
DSD may be delayed until a karyotype is performed for an-
other health issue, or until pubertal age when a girl presents 
with absence of thelarche and/or menarche or a boy con-
sults for gynaecomastia and/or small testes. Summary: In 
this review, we provide a practical, updated approach to clin-
ical and hormonal laboratory workup of the newborn, the 
child, and the adolescent with a suspected DSD. We focus on 
how to specifically address the diagnostic approach accord-
ing to the age and presentation. Key Message: We particu-
larly highlight the importance of a detailed anatomic de-
scription of the external and internal genitalia, adequate im-
aging studies or surgical exploration, the assessment of 

reproductive hormone levels – especially testosterone, anti-
Müllerian hormone, 17-hydroxyprogesterone, and gonado-
tropins – and karyotyping. © 2021 S. Karger AG, Basel

Introduction

Disorders of sex development (DSDs) result from 
anomalies in the sexual differentiation of the gonads and/
or the genitalia, wherein there is a discordance between 
the chromosomal sex, the gonadal structure, and the 
anatomy of the internal and/or external genitalia. In most 
cases, the external genitalia are sexually ambiguous. The 
diagnosis of DSD is suspected at birth or on ultrasound 
evaluations during pregnancy, when ambiguous genitalia 
are seen. Less commonly, the appearance of the external 
genitalia is typically female or male, and the diagnosis 
may be delayed until the age of puberty. In this review, we 
will provide an up-to-date and practical approach to the 
clinical and hormonal laboratory workup of the child and 
the adolescent with suspected DSD. The advent of high 
throughput genetic/genomic techniques challenges the 
need for a comprehensive understanding of the underly-
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ing pathophysiology before performing genetic testing in 
patients with DSD. However, specialists agree on the im-
portance of deep phenotyping as a prerequisite for opti-
mizing the interpretation and outcomes of genomic anal-
ysis [1–4]. We will focus on how to specifically address 
the diagnostic approach according to the age and pheno-
type, both anatomical and hormonal. The genetic diagno-
sis of DSD is addressed by another article in this issue. 
Since the understanding of the mechanisms involved in 
normal foetal sex differentiation and those involved in 
the physiology of the reproductive axis after birth is ex-
tremely helpful for the choice and interpretation of the 
assessments used during the clinical and laboratory work-
up of the patient with a suspicion of DSD, we will start by 
briefly reviewing the normal process of sex differentiation 
during prenatal life and the physiology of the postnatal 
hypothalamic-pituitary-gonadal axis.

Developmental Physiology of the Reproductive 
System

Foetal Sex Differentiation
The chromosomal sex is established at fertilization. 

However, during approximately 6 weeks, 46,XX and 
46,XY embryos are phenotypically identical: the gonadal 
ridges are sexually undifferentiated, and there are 2 sets 
of internal ducts: the Wolffian and the Müllerian ducts. 
Also, the urogenital sinus and the primordia of the exter-
nal genitalia are undifferentiated; the latter are formed by 
the genital tubercle, the urogenital folds, and the labio-
scrotal swellings [5].

The balance between pro-testicular and pro-ovarian 
gene expression is disrupted by the onset of the expres-
sion of the SRY gene, present on the Y chromosome, 
which triggers the predominance of the testicular gene 
pathway in the hitherto undifferentiated gonadal ridge [6, 
7]. Testicular differentiation is characterized by the for-
mation of the seminiferous cords, containing Sertoli and 
germ cells, surrounded by the interstitial tissue where lie 
the Leydig cells. Upon differentiation, Sertoli secrete anti-
Müllerian hormone (AMH) that provokes the regression 
of the Müllerian ducts upon binding to its type II receptor 
[8]. Under the stimulus of placental human chorionic go-
nadotropin (hCG), Leydig cells produce testosterone, 
which induces the differentiation of Wolffian ducts into 
the epididymides, vasa deferentia, and seminal vesicles 
[9]. In distant organs, testosterone is transformed into the 
more potent androgen dihydrotestosterone (DHT) by the 
enzyme 5α-reductase type 2 or by the more recently elu-

cidated enzymatic cascade known as the “backdoor path-
way” [10]. Thus, through DHT binding to the androgen 
receptor, the urogenital sinus virilizes and gives rise to the 
prostate and part of the male urethra [11], the genital tu-
bercle forms the corpora cavernosa, corpus spongiosum, 
and glans of the penis; the urogenital folds fuse to close 
the penile urethra with its orifice at the tip of the glans; 
and the labioscrotal swellings fuse to give rise to the scro-
tum [12]. Foetal virilization is completed by the end of the 
first trimester, with no involvement of pituitary gonado-
tropins. During the second and third trimesters of gesta-
tion, androgen secretion – driven by foetal pituitary LH 
– increases the trophism of the penis and scrotum and 
drives testicular descent together with insulin-like factor 
3 [13]. In the absence of testicular hormones, irrespective 
of the existence of ovarian tissue, Wolffian ducts regress; 
Müllerian ducts give rise to the Fallopian tubes, the uter-
us, and the upper part of the vagina [14]; the urogenital 
sinus follows the female pathway giving rise to the female 
urethra and the lower part of the vagina with separate 
endings; the genital tubercle forms the clitoris; and the 
urogenital folds and the labioscrotal swellings, respective-
ly, differentiate into the labia minora and labia majora 
[12].

Postnatal Development of the Reproductive Axis
Gonadotropins and gonadal sex steroids are very low 

in the first days after birth. AMH and inhibin B are also 
low, but there is a clear sexual dimorphism, with distinc-
tively higher levels in males (Fig. 1) [15]. All hormone 
levels increase from the end of the first week onwards. In 
male individuals, LH is usually higher than FSH; gonad-

Fig. 1. Schematic of serum levels of testosterone and AMH in the 
normal male and female during foetal and postnatal development. 
Lines represent mean serum levels, according to references [15, 17, 
64, 65]. AMH, anti-Müllerian hormone.
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otropins and testosterone remain high during 3–6 
months [16] and then the axis becomes relatively quies-
cent until the onset of puberty. However, AMH and in-
hibin B show high levels during the whole prepubertal 
period [17]. At the age of puberty, gonadotropins in-
crease, together with inhibin B and testosterone, while 
AMH decreases in response to testosterone action [18]. 
Inhibin B is the main feedback regulator of FSH, where-
as testosterone exerts a negative feedback on LH. Testes 
show a modest increase in size (up to 5–6 mL) due to 
Sertoli cell proliferation under FSH action at the begin-
ning of puberty; at this stage (Tanner stage 2), intrates-
ticular testosterone increases, but plasma testosterone 
levels remain undetectable or very low. Subsequently, be-
tween Tanner stages 3 and 5, there is a substantial in-
crease in testicular volume (up to 25 mL) due to the pro-
gression of spermatogenesis [19].

In female individuals, FSH is higher than LH during 
the postnatal activation period [15], which lasts for ap-
proximately 2 years [20]. Gonadotropins and oestradiol 
increase at pubertal age, with the typically cyclic pattern 
established towards menarche. Oestradiol and inhibins 
induce a negative feedback on the gonadotroph. Oestro-
gens induce breast development, and menarche occurs 
approximately 2–3 years later.

In both sexes, pubic hair development depends on the 
action of androgens that can be of gonadal or adrenal or-
igin. In boys, testicular androgens are more abundant and 
potent than adrenal ones.

Pathogenesis of DSD

The pathogenesis of DSD varies according to the step 
of foetal development that is affected. In the first 6 weeks 
of gestation, before the gonads differentiate, malforma-
tions may occur in the anlagen of the internal genitalia 
(Müllerian or Wolffian ducts), the urogenital sinus (cloa-
cal malformations), or the primordia of the external gen-
italia. In these malformative, non-endocrine DSD, go-
nadal function is usually preserved, and the anatomical 
defects cannot be explained by hormonal defects [21].

Virilization of 46,XX newborns indicates the existence 
of an androgen excess, which is isolated in the case of con-
genital adrenal hyperplasia (CAH), placental aromatase 
deficiency or maternal hyperandrogenic states, or associ-
ated with an excess of AMH in the case of ovotesticular 
or testicular DSD. In the first case, the newborn will have 
ambiguous or male external genitalia with preserved 
uterus and Fallopian tubes, whereas in the latter, ambigu-

ous or discordant external genitalia occur concomitantly 
with absent or defective Müllerian derivatives [22].

Undervirilization of individuals with a 46,XY karyo-
type or variants carrying a Y chromosome reveals an in-
sufficient androgen production or action. This can be due 
to a foetal primary hypogonadism resulting in inadequate 
secretion of both testosterone and AMH, where ambigu-
ous or female genitalia are associated with the presence of 
Müllerian remnants, or in isolated androgen synthesis 
disorders, where Müllerian derivatives are absent. Vari-
ous forms of gonadal dysgenesis underlie the first situa-
tion, whereas specific defects in the LH/CG receptor or 
the proteins or enzymes involved in gonadal steroidogen-
esis are the aetiologies of the latter [5]. Alternatively, tes-
ticular hormone production may be normal, yet in the 
context of androgen insensitivity due to androgen recep-
tor defects [23]. Finally, a rare form of DSD is the persis-
tence of the uterus in an otherwise normally virilized boy, 
due to specific defects in AMH or its receptor [24].

A detailed evaluation and a precise description of the 
genital phenotype at birth are most relevant. The genital 
examination should allow a comprehensive description 
of the size of the phallus and location of the urethral me-
atus, the presence and location of the gonads, and the de-
gree of fusion of the labioscrotal folds and the anogenital 
distance. In 1954, the Prader score was developed to char-
acterize children with CAH [25]. In 2000, the external 
masculinization score (EMS) was introduced to describe 
the genital appearance in boys [26]. More recently, the 
external genitalia score (EGS) was developed by the Eu-
ropean Cooperation in Science and Technology (COST) 
Action BM1303 and validated as a reliable tool allowing 
an objective description of typical and ambiguous exter-
nal genitalia in newborns (Table 1) [27].

In the following sections, we will address the anatom-
ical and hormonal laboratory features that may help in 
the diagnostic process. The advent of high-throughput 
genetic/genomic techniques challenges the need for a 
comprehensive understanding of the underlying patho-
physiology before performing genetic testing in patients 
with DSD. However, specialists agree on the importance 
of deep phenotyping as a prerequisite for optimizing the 
interpretation and outcomes of genomic analysis.

Workup of the Newborn with a Suspected DSD

A suspicion of DSD may occur before birth, when rou-
tine ultrasonography detects atypical genitalia or typical 
genitalia that are discordant with the foetal chromosomal 
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sex in a karyotype often performed for maternal age or for 
a reason not associated with foetal sex, for example, mal-
formations and growth restriction. Alternatively, DSD is 
suspected at birth most frequently when the newborn 
presents with ambiguous genitalia.

Ambiguous Genitalia Detected during Pregnancy or at 
Birth
The birth of a baby with ambiguous genitalia (typi-

cally with an EGS between 1.5 and 10) represents a chal-
lenge for the family and for the healthcare team. There is 
urgency to rule out CAH, owing to its relative frequency 
and life-threatening potential, especially in the absence of 
palpable gonads.

46,XX DSD in the newborn determination of 17-hy-
droxyprogesterone (17-OHP) and a karyotype may give 
a rapid clue (Fig. 2). An elevated level of 17-OHP leads to 
the diagnosis of CAH. The girl presents with virilized ex-
ternal genitalia but a normal uterus, and the hormonal 
laboratory shows elevated testosterone but AMH and go-
nadotropins in the normal female range. In the rare cases 
where 17-OHP is within the normal range in a 46,XX 
newborn with elevated testosterone, together with AMH 
in the female range and the presence of a normal uterus, 
a deficiency of aromatase is suspected when gonadotro-
pins are elevated [28]. Conversely, when gonadotropin 
levels are low or suppressed, a virilizing tumour or the use 
of androgenic drugs in the mother should be suspected. 
Maternal virilization during pregnancy occurs in the lat-
ter 3 conditions; signs of androgenization are more evi-
dent and persist after birth in the newborn with aroma-
tase deficiency, while they regress in the mother. On the 
contrary, virilization is more marked in the mother and 
persists in the case of an androgen-secreting tumour or 
androgenic drug use, while the newborn is relatively pro-

tected and the subtle signs of virilization wane progres-
sively [29, 30]. In the 46,XX newborn with testosterone 
and AMH levels above the female range, usually associ-
ated with poor or complete absence of Müllerian struc-
tures, the existence of testicular tissue is suspected, lead-
ing to the diagnosis of testicular or ovotesticular DSD. 
The definitive diagnosis is based on the histology of the 
gonads, and the establishment of the genetic aetiology 
may be simple when SRY sequences are detected but may 
be challenging in their absence [31].

46,XY DSD in the 46,XY newborn represents a major 
challenge to deal with [32]. Deep phenotyping in the 
search for non-genital dysmorphism together with mi-
croarrays and next generation sequence technologies has 
visibly increased the aetiological diagnosis rate; nonethe-
less, more than 50% of the cases remain as “idiopathic” 
[1, 4]. The determination of the 2 “foetal male” hormones 
can be very informative for a first classification (Fig. 2). 
Testosterone and AMH below the male range for age in-
dicate the existence of an early foetal-onset hypogonad-
ism affecting both Leydig and Sertoli cells, typical of go-
nadal dysgenesis [5, 33]. In this case, gonadotropin levels 
are elevated, especially FSH, and Müllerian derivatives 
are present. Imaging (ultrasound) and urethro-cystosco-
py are necessary to assess the anatomical features, and 
gonadal histology is usually required later in life to evalu-
ate tumour risk.

Undervirilization of the external genitalia may also be 
due to a dissociated foetal-onset hypogonadism, where 
only Leydig cell androgen production is impaired. These 
forms of DSD are characterized by low testosterone but 
normal male AMH, and the absence of Müllerian rem-
nants [5, 34]. The accurate assessment of steroidogenesis 
can only be made using mass spectrometry following ei-
ther gas or liquid chromatography [35]. Basal levels of the 

Table 1. External genitalia score

Phallus length, 
mm

Urethral meatus position Labioscrotal folds Left gonad Right gonad EGS

>31 Tip of penis Fused completely 3.0
26–30 Coronal/glandular 2.5

Along the phallus 2.0
21–25 At the phallus base Posterior fusion Labioscrotal Labioscrotal 1.5
10–20 Labioscrotal Inguino-scrotal Inguino-scrotal 1.0

Inguinal Inguinal 0.5
<10 Perineal Completely unfused Non-palpable Non-palpable 0.0

EGS, external genitalia score. Data taken from van der Straaten et al. [27].
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various steroids may not be sufficiently informative, but 
ACTH and hCG stimulation tests guide the diagnosis 
(Fig. 2) [33]: an insufficient response of all testicular ste-
roids to hCG associated with a normal response to ACTH 
and normal plasma renin activity (PRA) points to a Ley-
dig cell hypoplasia [36]. If only testosterone is low, with a 
Δ4-androstenedione (Δ4-A)/testosterone ratio >1, a 
17β-hydroxysteroid dehydrogenase type 3 deficiency is 
suspected [37, 38]. These 2 situations do not raise concern 
for potential adrenal failure. Conversely, if all steroids are 
low after ACTH stimulation, and PRA is elevated, defects 
in StAR or P450scc (CYP11A1) are likely. Elevated preg-
nenolone, progesterone, deoxycorticosterone (DOC), 
18OH-DOC, corticosterone, and 18OH-corticosterone, 
with low Δ4-A, DHEA, testosterone, and cortisol point to 
P450c17 deficiency, typically showing decreased PRA 
and hypokalaemia [38, 39]. Combined mild elevation of 
pregnenolone, progesterone, 17-hydroxypregnenolone, 
17-OHP, and DOC, with variable cortisol response to 
ACTH is characteristic of P450 oxidoreductase (POR) 

deficiency. Maternal virilization reflects aromatase im-
pairment, and skeletal malformations typical of the Ant-
ley-Bixler syndrome in the child are suggestive of POR 
deficiency [38, 40]. When the ratio between Δ5 (pregnen-
olone, 17-hydroxypregnenolone, DHEA, androstenedi-
ol) and Δ4 steroids (progesterone, 17-OHP, Δ4-A, testos-
terone) is elevated, and particularly 17-hydroxypregnen-
olone/cortisol after ACTH stimulation, a deficiency in 
3β-hydroxysteroid dehydrogenase type 2 is the most like-
ly diagnosis [41, 42]. All conditions where steroid re-
sponse to ACTH is impaired usually present with basal 
elevation of ACTH levels and need glucocorticoid, and 
sometimes mineralocorticoid, replacement due to adre-
nal insufficiency associated with these infrequent forms 
of CAH [38]. Imaging and urethro-cystoscopy establish 
the anatomical features, but gonadal histology is not re-
quired since tumour risk is not increased in these cases.

Both androgen and AMH levels may be within the 
male range, or even higher, in newborns with external 
ambiguous genitalia and no uterus. The differential diag-

Fig. 2. Diagnostic approach in face of a newborn with ambiguous 
genitalia detected during pregnancy or at birth. 17-OHP, 17-hy-
droxyprogesterone; Δ4-A, delta-4 androstenedione; ACTH, adre-
nocorticotrophin; AMH, anti-Müllerian hormone; CAH, congen-
ital adrenal hyperplasia; Def., deficiency; DHEA, dehydroepian-
drosterone; DHT, dihydrotestosterone; DOC, deoxycorticosterone; 
DSD, disorder of sex development; Gn, gonadotropins; hCG, hu-

man chorionic gonadotropin; HSD, hydroxysteroid dehydroge-
nase; LHCG-R, receptor for LH and hCG; N, normal; PAIS, Partial 
androgen insensitivity syndrome; PRA, plasma renin activity; 
Pregn., pregnenolone; Prog., progesterone; StAR, steroidogenic 
acute regulatory protein; T, testosterone; ↑, increased; ↓, decreased; 
>, = or <: above, within or below normal range for age; *, maternal 
virilizing tumour or androgenic drug use.
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nosis between partial androgen insensitivity syndrome 
(PAIS) and a deficiency in DHT synthesis may be chal-
lenging with the usually available laboratory tools (Fig. 2). 
A predominant elevation of LH is more frequently asso-
ciated with PAIS [43], whereas an elevation of the T/
DHT ratio above 10 after hCG stimulation points to 
DHT deficiency associated with 5α-reductase type 2 de-
ficiency [36, 44]. However, since the expression of SR-
D5A2, encoding 5α-reductase type 2, is under androgen 
control [45], DHT production may be impaired also in 
patients with PAIS, resulting in an elevated T/DHT ratio 
[46, 47]. Gas chromatography-mass spectrometry find-
ings of high tetrahydro-cortisol/allo-tetrahydro-cortisol 
and etiocholanolone/androsterone urine ratios have 
higher specificity [35, 48], but urine testing may be chal-
lenging in newborns. DHT insufficiency may exist due to 
defects in the alternative “backdoor” pathway not involv-
ing testosterone [49]. Usual steroid determinations are 
unable to detect this infrequent disorder, which may be 
confused with defects in P450c17, and urinary steroid 
metabolome analysis may be necessary for a differential 
diagnosis [35]. Ultrasonography and urethro-cystogra-
phy are performed for the assessment of the anatomical 
defects, but histological analysis is not necessary. Finally, 
patients with 46,XY DSD and testicular hormone levels 
within the normal male range may reflect a non-endo-
crine aetiology (Fig. 2), where the most likely pathogen-
esis is the failure of hormone-unrelated morphogenetic 
factors involved in the development of the external gen-
italia, resulting in endocrine-independent genital mal-
formations [21].

Sex Chromosome DSD
The detection of sex chromosome abnormalities fa-

cilitates the understanding of the underlying pathogene-
sis in newborns with ambiguous genitalia. The existence 
of a Y chromosome justifies the development of testicular 
tissue, whereas its presence as mosaicisms or chimae-
risms explains gonadal dysgenesis resulting in insuffi-
cient levels of testosterone and AMH to provoke com-
plete masculinization (Fig.  2). The histological assess-
ment clarifies whether it corresponds to testicular 
dysgenesis, asymmetric gonadal differentiation (also 
called mixed gonadal dysgenesis), or ovotesticular DSD. 
Serum testosterone and AMH levels are usually between 
the male and female ranges and reflect the amount of 
functional testicular tissue [50]. Imaging and histologic 
studies are necessary, as described above for patients with 
46,XY dysgenetic DSD.

Discordance between Typical Genitalia and Karyotype 
during Pregnancy or at Birth
The increasing use of karyotyping during pregnancy 

has raised the rate of diagnosis of discordances between 
chromosomal and external genital sex. The confirmation 
of external genitalia of typical female or male aspect but 
discordant with the newborn’s karyotype prompts the 
search for DSD (Fig. 3). The coexistence of a 46,XX karyo-
type with male genitalia and non-papable gonads is in-
dicative of a completely virilized (Prader stage V or EGS 
9) patient with CAH. Elevated 17-OHP, male-range tes-
tosterone, and female-range AMH, with normal serum 
gonadotropins and the existence of a uterus in ultrasound 
assessment are highly suggestive of 21-hydroxylase (CY-
P21A2) deficiency. P450c11β (CYP11B1) [51] and POR 
[52] deficiencies can also result in complete virilization. 
Elevated 11-deoxycortisol and DOC both basally and af-
ter ACTH, high basal ACTH, decreased PRA, and hypo-
kalaemia are typical of P450c11β deficiency, whereas 
mixed features of 21-hydroxylase, 17-hydroxylase, and 
aromatase deficiencies characterize POR defects, as de-
scribed above [38, 52]. In contrast, testicular DSD (also 
known as XX male) is the most likely diagnosis when go-
nads are present, most frequently in scrotal position (EGS 
12), and when testosterone, AMH, and gonadotropins are 
within the normal male range [31].

The newborn girl (EGS 0) with a 46,XY karyotype rep-
resents the complete forms of gonadal dysgenesis, hy-
poandrogenism due to steroidogenic deficiency with nor-
mal Sertoli cell function or androgen target organ defects, 
including complete androgen insensitivity syndrome 
(CAIS) and DHT deficiency (Fig. 3). Endocrine labora-
tory features resemble those described for the 46,XY new-
born with ambiguous genitalia, except that testosterone 
and AMH are undetectable and gonadotropins are ex-
tremely high in the dysgenetic forms [53], and testoster-
one is undetectable but LH may be normal or only mildly 
elevated in CAIS [43].

Workup of the Child with a Suspected DSD

Ambiguous Genitalia or Discordance between 
External Genitalia and Karyotype
The diagnostic approach in front of a child with am-

biguous genitalia or with a discordance between external 
genitalia and karyotype resembles that used for the new-
born (see above, and Fig.  2, 3), with slight differences. 
Basal testosterone measurement may no longer be infor-
mative, especially if gonadotropins are within the normal 



Clinical and Laboratory Workup in 
Disorder of Sex Development

7Horm Res Paediatr
DOI: 10.1159/000519895

range for age. Serum AMH is still useful to search for the 
existence of testicular tissue [50]. Life-threatening CAH 
due to salt-wasting is no longer a concern, and only sim-
ple virilizing forms should be considered.

In 46,XX patients, the history of neonatal virilization 
that did not progress or showed some regression is com-
patible with a maternal source of androgens (virilizing 
tumour, androgenic drug use) or aromatase deficiency. In 
patients with a 46,XY karyotype or with sex chromosome 
abnormalities, serum AMH is informative of the amount 
of functional testicular tissue and helps distinguish be-
tween dysgenetic and non-dysgenetic forms. ACTH and 
hCG tests are necessary to make a differential diagnosis 
in the latter, between steroidogenic disorders and andro-
gen insensitivity, since basal testosterone and gonadotro-
pins are normally low and thus uninformative.

Presence of Uterus and Fallopian Tubes in a Boy with 
Cryptorchidism
Rarely, the existence of Müllerian derivatives may be 

discovered during the assessment or surgical treatment of 
a boy with cryptorchidism and completely virilized exter-
nal genitalia. This condition, known as the persistent 

Müllerian duct syndrome (PMDS), is due to a defect in 
AMH secretion or in its receptor [24]. In these boys, tes-
tosterone and gonadotropin levels are normal according 
to age, and serum AMH is suggestive of an AMH gene 
mutation, when very low or undetectable, or of AMH re-
sistance due to pathogenic variants in the AMH receptor 
type 2, when normal for age (Fig. 4a).

Workup of the Adolescent with a Suspected DSD

Boys with Small Testes
In adolescent males with no clearly apparent genital 

ambiguity, lack of progressive increase of testicular vol-
ume and/or breast development may be due to DSD. The 
karyotype is usually very informative (Fig.  4b). In 47, 
XXY and variants, small testes and gynaecomastia is the 
most frequent clinical presentation [54]; all reproductive 
hormones are within the normal male range until Tanner 
stage 3, the gonadotropins increase and the testicular hor-
mones decline [55]. When the karyotype is 46,XX or 
46,XX/46,XY, ovotesticular or testicular DSD with ade-
quate amount of functional testicular tissue is likely; se-

Fig. 3. Diagnostic approach in face of a newborn in whom there is 
a discordance between genitalia and karyotype discovered during 
pregnancy or at birth. 17-OHP, 17-hydroxyprogesterone; Δ4-A, 
delta-4 androstenedione; ACTH, adrenocorticotrophin; AMH, 
anti-Müllerian hormone; CAH, congenital adrenal hyperplasia; 
CAIS, complete androgen insensitivity syndrome; Def., deficiency; 
DHEA, dehydroepiandrosterone; DHT, dihydrotestosterone; 

DOC, deoxycorticosterone; DSD, disorder of sex development; 
Gn, gonadotropins; hCG, human chorionic gonadotropin; HSD, 
hydroxysteroid dehydrogenase; LHCG-R, receptor for LH and 
hCG; N, normal; PRA, plasma renin activity; Pregn., pregneno-
lone; Prog., progesterone; StAR, steroidogenic acute regulatory 
protein; T, testosterone; ↑, increased; ↓, decreased; >, = or <: above, 
within or below normal range for age. n.d., nondetectable.
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rum hormones are very similar to those described for 
Klinefelter syndrome [50]. Finally, in 46,XY patients with 
elevated LH, testosterone, and AMH above the male 
range for age and Tanner stage, and decreased inhibin B, 
a mild form of androgen sensitivity is suspected.

Girls without Thelarche and/or Menarche
The absence of pubertal signs should prompt the 

search for a DSD in a girl >13 years, even if other diagno-
ses such as constitutional delay of puberty are more prev-
alent. The lack of breast development, that is, Tanner 
stage B1, is clearly indicative of no oestrogen action. The 
finding of a 45,X karyotype in a girl with more or less 
anatomical features of Turner syndrome, elevated gonad-
otropins, and undetectable oestradiol and AMH rapidly 
establishes the aetiology of primary gonadal insufficiency 
(hypergonadotrophic hypogonadism) due to complete 
gonadal dysgenesis (Fig. 5) [56].

Primary ovarian insufficiency may also be the cause of 
pubertal delay in 46,XX girls, and elevated gonadotropin 
associated with undetectable oestradiol and AMH are 
clear biomarkers of congenital ovarian dysgenesis [57] or 
of congenital ovarian and Müllerian duct agenesis, which 
can occur in the spectrum of Mayer-Rokitansky-Küster-
Hauser syndrome [58]. Prepubertal oestradiol and go-
nadotropin levels, with normal or mildly decreased AMH 
are suggestive of central (hypogonadotrophic) hypogo-
nadism [59]. A rare disorder, due to FSH receptor inacti-
vating mutations, may present with prepubertal oestra-
diol, high FSH, and normal AMH levels [57]. In the 2 

latter conditions, AMH reflects the existence of a con-
served ovarian follicle reserve.

When the karyotype is 46,XY (Fig. 5), complete go-
nadal dysgenesis or absent steroid production due to Ley-
dig cell aplasia in a patient with abdominal testes are the 
possible causes. Oestradiol is undetectable and gonado-
tropins are elevated; when AMH is undetectable and a 
uterus is present, a dysgenetic DSD is the diagnosis, 
whereas the absence of the uterus and AMH levels in the 
male range are indicative of the existence of abdominal 
testes that do not produce androgens [5, 50]. Only Leydig 
cell aplasia, due to completely inactivating mutation of 
LHCGR, is likely since other steroidogenic defects result 
in adrenal insufficiency [38] and/or partial virilization 
[37, 38].

The existence of breast development reflects oestro-
genic activity (Fig. 5), which occurs in a proportion of 
patients with Turner syndrome, especially those with 
sex chromosome mosaicism; serum AMH is commen-
surate with ovarian follicle reserve [56]. In 46,XX cases, 
when all reproductive hormones are within the female 
range, Mayer-Rokitansky-Küster-Hauser syndrome is 
likely, and imaging is confirmatory of the absence of 
uterus. When the uterus is present, oestradiol and AMH 
are below the female range, gonadotropins are elevated, 
and partial ovarian dysgenesis is suspected. Conversely, 
testosterone and AMH levels above the female range 
with clitoris enlargement and hirsutism point to the ex-
istence of some testicular tissue, that is, ovotesticular 
DSD. Müllerian derivatives are expected to have devel-

a

b

Fig. 4. Possible diagnoses in a boy with cryptorchidism, gynaecomastia and/or small testes. a Boy with cryptor-
chidism and uterus. b Adolescent with small testes and/or gynaecomastia.AMH, anti-Müllerian hormone; 
AMHR2, AMH receptor type 2; Gn, gonadotropins; DSD, disorder of sex development; Inh B, inhibin B; N, nor-
mal; MAIS, mild androgen insensitivity syndrome; PMDS, persistent Müllerian duct syndrome; T, testosterone; 
>, = or <: above, within or below normal range for age.

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e



Clinical and Laboratory Workup in 
Disorder of Sex Development

9Horm Res Paediatr
DOI: 10.1159/000519895

oped since the amount of functional testicular tissue is 
predicted to be scarce. Finally, in 46,XY girls with breast 
development, amenorrhoea is due to the absence of 
uterus. Testosterone and AMH are in the male range, 
reflecting the existence of functional testes: while AMH 
is very high in CAIS, reflecting the lack of androgen ac-
tion and the oestrogenic effect [50, 60, 61], it is within 

the lower pubertal range in patients with severe 
5α-reductase deficiency [62].

Patients with Ambiguous Genitalia
Untreated individuals with DSD rarely present at pu-

berty; however, this may occur in isolated communities, 
far away from big cities with specialized healthcare cen-

Fig. 5. Diagnostic approach in an adolescent girl with primary amenorrhoea and suspicion of DSD, according to 
whether there is breast development or not. AMH, anti-Müllerian hormone; Def., deficiency; DHT, dihydrotes-
tosterone; E2, oestradiol; DSD, disorder of sex development; Gn, gonadotropins; LHCG-R, receptor for LH and 
hCG; MRKH, Mayer-Rokitansky-Küster-Hauser; N, normal; red, reductase; T, testosterone; >, = or <: above, 
within or below normal range for age.  n.d.: non detectable.

Fig. 6. Diagnostic approach in the face of an untreated adolescent with ambiguous genitalia. Δ4-A, delta-4 an-
drostenedione; AMH, anti-Müllerian hormone; CAH, congenital adrenal hyperplasia; Def., deficiency; DHT, 
dihydrotestosterone; DOC, deoxycorticosterone; DSD, disorder of sex development; Gn, gonadotropins; hCG, 
human chorionic gonadotropin; HSD, hydroxysteroid dehydrogenase; LHCG-R, receptor for LH and hCG; N, 
normal; PRA, plasma renin activity; T, testosterone; ↑, increased; ↓, decreased; >, = or <: above, within or below 
normal range for age.
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Conclusion

DSD may present with clinical and biochemical speci-
ficities according to the age at consultation. A detailed 
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