
123

Fertility and Reproductive 
Outcomes in Different 
Forms of Congenital 
Adrenal Hyperplasia

M. Eda Ertorer
Editor



Fertility and Reproductive Outcomes in Different 
Forms of Congenital Adrenal Hyperplasia



M. Eda Ertorer
Editor

Fertility and Reproductive 
Outcomes in Different Forms 
of Congenital Adrenal 
Hyperplasia



ISBN 978-3-030-82590-4    ISBN 978-3-030-82591-1 (eBook)
https://doi.org/10.1007/978-3-030-82591-1

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editor
M. Eda Ertorer
Department of Endocrinology
Başkent University, Faculty of Medicine
Adana Dr. Turgut Noyan Application and Research Center
Adana  
Turkey

https://doi.org/10.1007/978-3-030-82591-1


v

Preface

“Congenital Adrenal Hyperplasia” represents a group of genetically inherited enzy-
matic deficiencies that exhibit a wide spectrum of clinical features. Beginning from 
intrauterine life till adulthood, these disorders may impact negatively on the well- 
being of the affected individuals that make a holistic professional approach 
fundamental.

In Fertility and Reproductive Outcomes in Different Forms of Congenital Adrenal 
Hyperplasia, an assembly of outstanding authors with great expertise on this topic 
has shared their knowledge and has interpreted the relevant latest medical literature. 
Being concise and comprehensive and didactic has been the challenge. I am confi-
dent that our combined efforts will succeed in providing better care for our patients.

Adana, Turkey M. Eda Ertorer   
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Congenital Adrenal Hyperplasia (CAH): 
Definition and Enzymatic Defects 
in Various Forms

Fahrettin Kelestimur and Kursad Unluhizarci

 Introduction

The adrenals are endocrine glands where catecholamine and steroid hormone pro-
duction take place. Steroid hormones are mainly synthesized and secreted from 
adrenal glands, ovaries, testes, and also from some peripheral tissues such as adi-
pose tissue. In contrast to other secreting glands such as pancreas, adrenal glands do 
not store hormones, instead, the adrenal cortex hormones are mainly secreted as de 
novo synthesis. From anatomical point of view, adrenal cortex consists of 
three layers:

 1. Zona glomerulosa is responsible for the synthesis of mineralocorticoids and rep-
resents 15% of the adrenal cortex.

 2. Zona fasciculata is responsible for the synthesis of glucocorticoids and repre-
sents 75% of the adrenal cortex.

 3. Zona reticularis is responsible for the synthesis of adrenal androgens and repre-
sents 10% of the adrenal cortex.

Cholesterol is the main substrate for all steroid hormone biosynthesis. It is mostly 
derived from dietary cholesterol, transported to the cell via LDL-cholesterol and 
HDL-cholesterol; however, it can be synthesized de novo from acetate, as well [1]. 
Due to their common origin and similar structures, steroid hormones constitute a 
heterogeneous group with a wide range of physiological functions. The organs and 
tissues having the ability to produce steroid hormones express different 
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steroidogenic enzymes and also cofactors, leading to site-specific pathways of ste-
roid hormone synthesis. In this manner, a “steroidogenic cell” definition ensues a 
highly specific cell which has the capability to produce steroids de novo using cho-
lesterol as substrate, a process that requires the expression of P450 side chain cleav-
age (scc) enzyme [2].

Steroidogenic enzymes can be mainly divided into two groups: cytochrome P450 
(CYP) and hydroxysteroid dehydrogenases/ketosteroid reductase (HSDs/KSR) [3]. 
Most steroidogenic enzymes are cytochrome P450 enzymes, and this definition 
comes from the basis of light absorbance at the 450 nm wavelength when reduced 
with carbon monoxide. Cytochrome P450 enzymes have the ability to activate 
molecular oxygen in order to catalyze oxidative reactions. These enzymes have uni-
directional function, catalyzing irreversibly the reactions they involved and have no 
feedback from downstream precursors [3, 4].

The CYP enzymes are named as type 1 enzymes which are located in mitochon-
dria and type 2 enzymes which are located in endoplasmic reticulum. There are 
different cofactors for CYP enzymes: ferrodoxin and ferrodoxin reductase for type 
1 and P450 oxydoreductase for type 2 enzymes. Six CYP enzymes involved in ste-
roidogenesis are: cholesterol side chain cleavage enzyme (P450scc, CYP11A1), 
11-beta hydroxylase (P450c11, CYP11B1), and aldosterone synthase (P450c11AS, 
CYP11B2) belong to CYP type 1 enzymes, while 17-hydroxylase (P450c17, 
CYP17A1), 21-hydroxylase (P450c21, CYP21A2), and P450 aromatase (P450 aro, 
CYP19A1) are CYP type 2 enzymes. It is well-known that each CYP enzyme can 
metabolize more than one substrate and is involved in multiple steps of steroidogen-
esis [2].

The HSD enzymes catalyze reversible reactions, they modulate the steroid flux 
in reductive or oxidative mode [3]. Based on their activity, they are classified into 
dehydrogenases which use nicotinamide adenine dinucleotide+ (NAD+) to oxidate 
hydroxysteroids to ketosteroids, and reductases which use nicotinamide adenine 
dinucleotide phosphate hydrogen (NADPH) to reduce ketosteroids to hydroxyster-
oids. Relevant HSDs to human diseases are mainly 3-beta hydroxysteroid dehydro-
genase (3-HSD) type 2 (HSD3B2), 11 HSD type 1 and type 2 (HSD11B1 and B2), 
and a series of 17 HSDs [3].

Among several steps in steroidogenesis, the first step is transport of cholesterol 
across the membrane via steroidogenic acute regulatory protein (StAR), and then, it 
is converted to pregnenolone by P450scc [5]. In zona fasciculata, CYP17A1 hydrox-
ylates pregnenolone to form 17-hydroxyprogesterone (17-OHP), which is converted 
to 11-deoxycortisol, and then cortisol is produced via several enzymes (including 
CYP11B1 and HSD3B2). In zona glomerulosa, HSD3B2 converts pregnenolone to 
progesterone which is converted to aldosterone by a series of enzyme activities 
including 21-hydroxylase and aldosterone synthase. In zona reticularis, 
17- hydroxypregnanelone is converted to DHEA via 17-alpha hydroxylase which is 
then converted to androstenedione by the enzyme effect of HSD3B2 [3, 6]. Pathways 
of steroid hormone synthesis are shown in Fig. 1.

Deficiencies in main pathways of steroid biosynthesis lead to congenital adrenal 
hyperplasia (CAH) which is a group of disorders characterized by enzymatic defects 
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in cortisol biosynthesis. The most probable first case had been described more than 
150 years ago, her autopsy had showed ambiguous genitalia associated with female 
internal reproductive organs and large adrenal glands [7]. The disease can appear in 
childhood, adolescence, or adulthood depending on clinical features. Due to the 
mutations, one or more of the glucocorticoid, mineralocorticoid, and androgen bio-
synthesis pathways can be affected, and the patients may present with diverse clini-
cal and laboratory abnormalities (Table 1). All types of the CAH are monogenetic, 
and most of the patients are compound heterozygotes, indicating that they have 
different mutations on two alleles of a particular gene [8]. In this case, the clinical 
spectrum and the severity of the disease are dependent on more functional allele [9, 
10]. In all types of CAH, low cortisol production stimulate secretion of corticotrophin- 
releasing hormone (CRH) and adrenocorticotrophic hormone (ACTH) which leads 
to adrenal hyperplasia and eventually accumulation of steroid hormone precursors 
and usually hyperandrogenemia.

The disorder is inherited as an autosomal recessive manner and the affected 
enzymes are: 21-hydroxylase, 11-beta hydroxylase, 17-alpha hydroxylase, HSD3B2 
type 2, StAR, P450 cholesterol side-chain cleavage enzyme (SCC), and P450 oxy-
doreductase (POR). Adrenal steroid biosynthesis is modulated by zone-specific 
enzymes where the mutations on these enzymes lead to different phenotypes of 
CAH.  Eventually, the disease manifests with a broad range of clinical and 
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biochemical phenotype with or without derangements in glucocorticoid, mineralo-
corticoid, and sex steroid production.

Congenital adrenal hyperplasia is mainly divided into two groups: more severe 
classical forms and milder non-classical forms. When any mutation/mutations cause 
complete or near complete deficiency of the enzymes, classical forms of CAH ensue 
with severe clinical manifestations such as virilization of the females or salt wasting 
in both sexes [11, 12]. Milder forms, called non-classical forms, are typically 
asymptomatic at birth, and they are usually not distinguishable from other hyperan-
drogenic disorders, such as polycystic ovary syndrome (PCOS) in adult ages. The 
current classification system of the disease is considered artificial since the disease 
severity is better represented by a continuum on the basis of residual enzyme activity.

Endocrinology and its development depend on hormone assays. In daily practice, 
androgens and other steroid hormones have been determined by immunoassays. In 
those assays, small quantities of serum samples have been used; however, their stan-
dards and limitations are highly debated during the last years [13]. The Endocrine 
Society has suggested using liquid chromatography/tandem mass spectrometry 
(LC-MS/MS) or immunoassays after extraction and chromatography for measuring 
steroid hormones, particularly testosterone in women and children [13]. The diag-
nosis of CAH relies on measuring the increased intermediate hormones which are 
different in various enzyme deficiencies biochemically and eventually on genetic 
confirmation of the disease. Mass spectrometry-based steroid metabolome profiling 
is gaining great attention which provide identification of several metabolomes/inter-
mediate hormones associated with the disorders of steroid biosynthesis. Particularly 
24-h urinary steroid metabolome analysis has revealed many steroidogenic disor-
ders and is becoming a novel diagnostic strategy in clinical practice [14].

 Enzymatic Defects in Various Forms

 21-Hydroxylase Deficiency

By far, 21-hydroxylase deficiency (21-OHd) is the most common form of CAH, 
accounting for approximately 95% of the cases. The incidence of classical form of 
the disease is reported to be in 1/7000 to 1/18,000 live births depending on ethnicity 
and the location [15, 16]. In physiological conditions, 21-hydroxylase enzyme leads 
the conversion of 17-OHP to 11-deoxycortisol and progesterone to 
11- deoxycorticosterone, which are the key precursors in the synthesis of cortisol 
and aldosterone, respectively. Various clinical manifestations may be seen with any 
kind of mutations on 21-hydroxylase gene. To date, more than 300 CYP21A2 muta-
tions have been discovered, but 10–12 common mutations account for 90% of 
21-OHd cases [17, 18]. The de novo mutation rate is reported as very low and is 
approximately 1% [5].

The CYP21A2 gene is a 10-exon, 3.1 kb gene that is mapped on the short arm of 
chromosome 6 within the major histocompatibility complex region. The active gene 
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encoding 21-hydroxylase enzyme; CYP21A2 and the inactive gene; CYP21A1 
(pseudogene) have 98% homology. Exchange of genetic material between CYP21A1 
and CYP21A2 results in transfer of pseudogene mutations to the CYP21A2 gene. 
There are 15 mutations that cause CYP21A1 to be inactive [15, 19]. Pseudogene- 
derived CYP21A2 mutations constitute for more than 90% of mutations in the 
CYP21A2 gene. Due to the mutation severity, glucocorticoid and mineralocorticoid 
deficiencies may occur, and the disease is characterized by elevated precursors of 
steroid biosynthesis, mainly 17-OHP, which is used for the biochemical diagnosis 
of 21-OHd. In accordance with the blockade of cortisol biosynthesis, adrenal andro-
gen overproduction is driven via 17-OHP pathway.

The classical form of the disease is called as “salt wasting form” in case of com-
pletely inactivated CYP21A2 gene or it is called as “simple virilizing form” where 
the mutated gene retains 1–2% of 21-hydroxylase activity which prevents neonatal 
crisis [15, 20]. In a recent survey, 126 (54.1%) out of 233 CYP21A2 mutations are 
found to associate with the salt wasting form of the disease, where 38 (16.3%) are 
with the simple virilizing form [21]. In both situations, exposure to excess fetal 
androgens leads to virilization of external genitalia of 46,XX fetuses. The diagnosis 
of classical CAH may be suspected after careful examination of external genitalia 
of new-borns although classical CAH is not the only cause in this situation [22, 23]. 
In countries where CAH screening is introduced, time required for the diagnosis is 
markedly reduced.

Patients with salt wasting form of the disease have life-threatening impairment in 
the synthesis of cortisol and aldosterone, and if those patients are not treated appro-
priately, low levels of aldosterone leads to hyperkalemia, hyponatremia, hypovole-
mia, and occasionally convulsions [24]. Salt wasting form is the most severe type 
and accounts for 75% of all classical CAH cases [11]. In addition to aldosterone 
deficiency, elevated 17-OHP and progesterone concentrations exacerbate the miner-
alocorticoid deficiency, since both hormones have anti-mineralocorticoid effects. 
Even though patients with simple virilizing form of CAH do not present with overt 
mineralocorticoid deficiency, partial deficiency in mineralocorticoid production has 
also been found in this form. Affected males are particularly prone to salt wasting 
crisis and possibly death due to delayed diagnosis in the absence of ambiguous 
genitalia which is a warning sign in females. Their only sign may be genital hyper-
pigmentation and sometimes penis enlargement. Impaired cortisol production leads 
to excess androgen production which causes antenatal virilization of genetic 
females, precocious puberty in boys and rapid skeletal growth in both sexes. Another 
issue which is related to inappropriate therapy in males is testicular adrenal rest tis-
sues (TARTs). These are benign testicular masses and have close resemblance to 
adrenocortical tissue. ACTH and angiotensin II receptors have been shown in TART 
tissue indicating that they are hormone responsive tissues [25, 26].

In healthy females, Mullerian structures develop normally and the absence of 
testicular tissue and androgens lead to regression of Wolfian structures. However, in 
patients with CAH, due to the increased production of testosterone from the adrenal 
glands, female infants may have ambiguous genitalia since external genitalia devel-
opment is sensitive to androgens. In the absence of appropriate and timely 
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treatment, premature adrenarche, advanced skeletal age, centrally induced preco-
cious puberty are seen in those patients. Simple virilizing form of the disease is 
quiet similar to the salt wasting form, except aldosterone production is sufficient to 
prevent salt loss and mineralocorticoid replacement is not essential.

Physiologically replacing glucocorticoid orally in a circadian manner is not easy, 
and many patients still exhibit androgen excess symptoms under glucocorticoid 
treatment. Moreover, an alternative pathway contributes to hyperandrogenemia 
which is not easily controlled by classical glucocorticoid replacement therapies. 
This is also called as the “backdoor pathway,” and dihydrotestosterone is produced 
from excess 17-OHP via a chain of enzymatic reactions (Fig. 2). In this pathway, 
dihydrotestosterone is synthesized from androsterone without testosterone as an 
intermediate hormone [27]. It contributes to hyperandrogenemia of the patients with 
21-OHd. Recently, a new form of androgens, called 11-oxygenated androgens, 
derived from 11-beta hydroxylation of androstenedione and testosterone by 
CYP11B1 has been found [28]. The adrenal glands are the only source of these 
hormones since CYP11B1 is exclusively expressed in the adrenals (Fig.  3). The 
final products of this pathway are 11-keto-androstenedione and 11-keto- testosterone 
which activates the androgen receptors similar to dihydrotestosterone, and they are 
found to be increased in patients with 21-OHd [29, 30].

Non-classical form of the disease is one of the most common autosomal reces-
sive disorders in population. These patients exhibit at least 20–50% enzyme activity 
and do not require glucocorticoid replacement in daily life and female patients have 
normal appearing external genitalia [31, 32]. In a recent survey, 61 (26.2%) out of 
233 CYP21A2 mutations are associated with non-classical form [21]. In patients 
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Fig. 2 Alternative pathway in patients with 21 hydroxylase deficiency. SRD5A steroid 
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with NCAH, children do not have ambiguous genitalia, and diagnosis is often made 
mainly during the differential diagnosis of PCOS in adolescents or adults. Most of 
the patients present with clinical signs and symptoms indistinguishable from PCOS, 
such as hirsutism, menstrual disorders, acne, and decreased fertility [33–35]. 
Patients with NCAH usually do not have elevated ACTH concentrations. The diag-
nosis of NCAH depends on measurement of basal and/or stimulated serum 17-OHP 
level. If follicular phase serum 17-OHP level is higher than 2 ng/ml, the patient 
should go to ACTH stimulation test [33, 36, 37]. For ACTH stimulation test, after a 
basal blood sampling for cortisol and 17-OHP levels, 0.25 mg ACTH is adminis-
tered via intravenous route and samples are obtained at 30 and 60 minutes. Basal or 
ACTH stimulated serum 17-OHP level greater than 10 ng/ml is considered as the 
criteria for diagnosing NCAH due to 21-hydroxylase deficiency [38–40]. Patients 
with classical CAH have very high basal serum 17-OHP level, and most cases do 
not require ACTH stimulation test for the biochemical diagnosis of the disease.

Serum 17-OHP levels may have variability among the patients thus, genetic con-
firmation is necessary to clearly confirm the diagnosis and also to determine the 
degree of mutation and disease severity [41]. Use of genetic testing is also useful in 
prenatal counseling of mothers affected by CAH. CYP21A2 and its highly homolo-
gous pseudogene are located close together in the HLA class III region on the short 
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Fig. 3 11-Oxygenated pathway in patients with 21-hydroxylase deficiency. CYP11B1 
11β-hydroxylase, HSD11B1 cortisone reductase, HSD11B2 11β-hydroxysteroid dehydrogenase 
type 2, AKR1C3 aldo-keto-reductase C3, ADX adrenodoxin, H6PDH glucose 6-phosphate dehy-
drogenase, HSD17B2 17β-hydroxysteroid dehydrogenase type 2
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arm of chromosome 6 and point mutations or deletions constitute important parts of 
the disease-causing mutations [42]. Compound heterozygous mutations have been 
seen in most of the patients where the clinical phenotype is determined by the less 
severe allele [43]. Moreover, those patients carry more than one mutation on either 
or both CYP21A2 alleles which leads to a wide spectrum of phenotypes. Molecular 
analysis of CYP21A2 should be extensive and performed in an authorized laboratory.

Four different groups of CYP21A2 mutations exist (Table 2). Recently, the larg-
est European study has evaluated the genetic data from 538 CAH patients and has 
found that genotype–phenotype correlation is high in severe mutations (null: 97%, 
A: 91%) but remarkably low in B (48%) and C (58%) phenotypes [41]. As reported 
in several studies, although a well-established genotype–phenotype correlation 
exist, discordances may be seen in some specific mutations. Especially, of the 
pseudogene- derived mutations, a promoter region mutation in exon 1 (p.P30L) is 
usually associated with NCAH; however, a clinical phenotype of classical CAH has 
been found in about 30% of cases [19]. The reasons of these discrepancies are not 
well-known. Effects of alternative pathways such as androgen-producing “backdoor 
pathway” or instead of carrying two mild mutations, being compound heterozygous 
with one severe allele may play a role in heterogeneous phenotypes [44]. 
Accumulating evidence suggests that apart from null genotype which results in 
complete loss of enzyme function, the clinical presentation of CAH surges depend-
ing on the unknown confounding factors.

During last years, heterozygous carriers for 21-hydroxylase enzyme have gained 
a great attention which is associated with an increased risk of developing hyperan-
drogenism [45, 46]. Heterozygous carriers are found in most populations with a 
prevalence of 1 in 50 [46–48]. Recently, it has been shown that approximately 80% 
of heterozygous carriers show features of NCAH including oligomenorrhea, hyper-
androgenism, and overweight, suggesting that monoallelic mutations of 
21- hydroxylase enzyme may also affect the enzyme activity [46]. However, cur-
rently, any basal- or ACTH-stimulated level of serum 17-OHP level cannot be used 
for the detection of heterozygosity for 21-hydroxylase enzyme.

Table 2 Classification of most commonly detected CYP21A2 mutations in patients with 
congenital adrenal hyperplasia

Group Null A B C

Phenotype Salt wasting Salt wasting Simple virilizing Non-classic
In vitro activity of CYP21A2 0% <1% 1–2% 20–50%
Mutation 30 kb deletion

8 bp deletion
Exon 6 clustera

p.318X
p.R356W
p.Leu307fs

IVS2-13A/C>G p.I172N
p.I77T

p.P30Lb

p.V281L
p.R339H
p.P453S

Modified from Hannah-Shmouni, et al. [8]
aDenotes three clustered mutations in exon 6
bMay be associated with more severe hyperandrogenism
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 11-Beta Hydroxylase Deficiency

It has been reported that CAH due to 11-beta hydroxylase deficiency (11B-OHd) 
comprises 5–8% of the patients [49, 50]. It is the second most common form of 
CAH; however, in some communities such as Jews from Morocco, Israel, and 
Turkey, the frequency of the disease is higher [51–53]. Inactivating mutations on the 
gene CYP11B1 result in impaired hydroxylation of 11-deoxycortisol and deoxycor-
ticosterone, which then lead to deficiency of cortisol and corticosterone in the zona 
fasciculata and glomerulosa, respectively [54]. As in patients with 21-OHd, low 
cortisol level activates the negative feedback mechanism of hypothalamo–pituitary–
adrenal axis leading to overproduction of ACTH with subsequent adrenal cortex 
hyperplasia. Females present with symptoms of hyperandrogenism and varying 
degrees of virilization of external genitalia with intact internal gonads. Surgical 
reconstruction may be required depending on the severity of virilization [55]. Males 
usually present with accelerated somatic growth and mostly short adult stature.

More than 100 mutations have been reported in CYP11B1 gene, and all the muta-
tions have been detected along the whole gene. Depending on the mutation and its 
severity, elevated concentrations of deoxycorticosterone suppress the renin–angio-
tensin system, resulting in extracellular fluid expansion, hypertension, and hypoka-
lemia [56]. Particularly, the classical form of 11B-OHd is similar to 21-OHd with 
signs of androgen excess, but patients have hypertension, rather than salt loss, due 
to mineralocorticoid receptor stimulation mediated by mineralocorticoid precur-
sors. However, it is important to note that salt wasting can be precipitated by gluco-
corticoid treatment due to suppression of deoxycorticosterone and resultant low 
mineralocorticoid activity [57]. Non-classical form of 11B-OHd has similar charac-
teristics of non-classical 21-OHd characterized by hirsutism, menstrual distur-
bances, and acne [54]. In contrast to classical form of the disease, hypertension is 
not a usual finding in those patients.

There is unfortunately no clear diagnostic nomogram for the diagnosis of 11B- 
OHd, compared to 21-OHd. Urinary tetrahydro-metabolites of steroid precursors 
such as tetrahydro-11-deoxycortisol and tetrahydrocorticosterone are unequivocally 
elevated and can be used for the diagnosis [14, 55]. Basal or ACTH stimulated 
11-deoxycortisol levels three times above the 95 percentile for normal population 
have been used for the diagnosis of the non-classical form [52, 58, 59].

 17-Alpha Hydroxylase Deficiency

17-Alpha hydroxylase deficiency is an uncommon cause of CAH, accounting for 
1% of CAH cases and results from mutation in CYP17A1 gene. This gene located 
on the long arm of chromosome 10 encodes an enzyme that express both 17-alpha 
hydroxylase and 17, 20 lyase activities. Inactivating mutations have been located 
along the whole gene without any distinct specific area. Since 17-alpha hydroxylase 
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is located on the critical steroidogenic pathway, severe mutations in the CYP17A1 
gene result in problems both in adrenal and gonadal sex steroid production [60, 61]. 
Patients with 17-alpha hydroxylase deficiency present with sexual infantilism, 
pubertal failure, and lack of adrenarche due to decreased production of DHEAS 
[61]. Both, 46,XX and 46,XY patients have female external genitalia, usually pres-
ent as girls without secondary sex characteristics during puberty associated with 
hypergonadotropic hypogonadism.

CYP17A1 gene is expressed in zona fasciculata and zona reticularis but not in 
zona glomerulosa. Thus, ACTH-mediated steroidogenesis results in high levels of 
corticosterone and deoxycorticosterone. Increased deoxycorticosterone leads to 
sodium retention, hypokalemia, suppression of aldosterone production, and renin 
levels. It is remarkable that patients rarely present with adrenal failure despite being 
severe glucocorticoid deficient due to the affinity of mineralocorticoid precursors 
(particularly deoxycorticosterone) on the glucocorticoid receptors [62].

 3-Beta Hydroxysteroid Dehydrogenase Deficiency

This enzyme exists in two forms: type 1 and type 2 enzymes which are encoded by 
HSD3B1 and HSD3B2, respectively. The gene is located in close proximity to each 
other on the short arm of chromosome 1. HSD3B2 gene is mainly expressed in adre-
nals and gonads while HSD3B1 gene is mainly expressed in placenta and peripheral 
tissues. The disease is caused by the gene encoding HSD3B2 and characterized by 
aldosterone, cortisol, and androstenedione deficiencies. It is a rare (affecting <0.5% 
of all CAH patients) form of CAH, and the clinical spectrum varies according to the 
severity of the genetic mutation and may include salt wasting in both sexes, incom-
plete masculinization in males and virilization in females [63]. Classically, infants 
present with salt wasting adrenal crisis and high renin-associated hypotension simi-
lar to CYP21A2 deficiency. However, this enzyme deficiency is associated with 
sexual differentiation disorders in both sexes. There are no reported mutations in the 
human HSD3B1 gene already [62].

Since HSD3B2 catalyzes the conversion of ∆5-steroids (DHEA, pregnenolone 
and 17-hydroxypregnenolone) to ∆4-steroids (testosterone, progesterone, andro-
stenedione and 17-OHP), higher ratios of the ∆5 over ∆4 steroids are detected and 
they are used for hormonal diagnosis of HSD3B2 deficiency. It presents with raised 
17-hydroxypregnenolone to 17-OHP and DHEA(S) to androstenedione ratios in 
serum samples [64]. In general, 17-hydroxypregnenolone level above 100 nmol/L, 
either in basal condition or after 0.25 mg ACTH stimulation is accepted as the best 
hormonal criterion for the diagnosis of HSD3B2 deficiency [65–67].

Non-classical HSD3B2 deficiency is considered very rare, and some adult 
women with mild hyperandrogenism who have elevated serum DHEAS may have 
partial defect in HSD3B2 activity but those patients do not exhibit any identified 
gene mutation [12]. Their final diagnosis is usually a form of PCOS associated with 
alteration in intra-adrenal HSD3B2 activity [68–70].
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 P450 Oxidoreductase (POR) Deficiency

Cytochrome P450 oxidoreductase (POR) is a cofactor which transfers electrons 
from NADPH to cytochrome P450 enzymes for drug and toxin metabolism in addi-
tion to steroidogenesis [71]. The POR gene is located on long arm of chromosome 
7. The enzymes 17-alpha hydroxylase, 21-hydroxylase, and aromatase are depen-
dent on POR as an electron donor enzyme for their catalytic activity. The clinical 
picture is combination of 17 alpha-hydroxylase and 21-hydroxylase deficiency [72]. 
Previously, this clinical picture has been named as “apparent combined 17-alpha 
hydroxylase and 21-hydroxylase deficiency” [69]. Most patients with POR defi-
ciency present with ambiguous genitalia. 46,XX infants are partially virilized, and 
46,XY infants are partially undermasculinized, and in both sexes, delayed develop-
mental of sexual characteristics occur in pubertal period, particularly females often 
develop hypergonadotropic hypogonadism [73, 74]. The pathogenetic mechanisms 
of manifestations are associated with impaired synthesis of testosterone, dihydrotes-
tosterone and conversion of the androgens to estrogens. All these activities depend 
on CYP17A1, CYP21A2, CYP19A1 which require POR [71].

The POR deficiency is not only a disorder of steroidogenesis, it also affects all 
microsomal CYP enzymes that require POR for appropriate function. P450 liver 
enzymes and heme oxygenase that are involved in drug metabolism, need POR to 
provide electrons, thus, mutation of POR gene may affect drug metabolism. 
Moreover, estrogen and glucocorticoids are the drugs affected by POR deficiency, 
indicating that metabolic clearance of exogeneous hormone replacement is expected 
to be reduced. This is important that patients may be exposed to higher drug doses 
than considered [75]. Those patients also have skeletal abnormalities which have 
been described as a part of the Antley–Bixler syndrome phenotype. Typical malfor-
mations of this syndrome are large joint synostosis, hand and foot malformations, 
craniosynostosis [76]. The POR deficiency is the most complicated form of CAH, 
and some mothers may also exhibit signs of virilization due to insufficient aromati-
zation of fetal androgens in pregnancies complicated by POR deficiency.

Most patients have normal baseline cortisol but give an inadequate response to 
ACTH test, indicating partial glucocorticoid deficiency. Thus, those patients may 
require stress doses of glucocorticoids in stressful clinical situations. Pregnenolone and 
progesterone are characteristically increased, 17-OHP is only mildly increased. The 
diagnosis is usually established by urinary steroid profiling by gas chromatography- 
mass spectrometry, which reveals the combined impairment of CYP21A2 and 
CYP17A1 activities. Confirmation of the disease requires genetic testing.

 Lipoid Congenital Adrenal Hyperplasia (StAR Deficiency)

Steroidogenic acute regulatory protein (StAR) regulates the transfer of cholesterol 
from the outer to inner mitochondrial membrane which is a key step in steroid bio-
synthesis except placenta. StAR deficiency leads to this rare form of CAH, and its 
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classical form is characterized by deficiency of all steroid hormones [77, 78]. 
Patients have high basal concentrations of ACTH, elevated plasma renin activity, 
and hypergonadotropic hypogonadism. It is named as “lipoid” due to the accumula-
tion of lipid droplets in the adrenal glands. In addition to the loss of StAR-mediated 
steroidogenesis, accumulation of cholesterol in the adrenal cells further deteriorates 
steroid hormone production, and it is called as “second hit.” In its severe form, the 
clinical picture is composed of neonatal crisis and female external genitalia in both 
sexes [79]. Genetic 46,XY males are mostly diagnosed because of the absence of 
Mullerian structures at ultrasonography which leads to consideration of disorders of 
sexual differentiation in differential diagnosis [79]. In addition to classical form of 
the disease, non-classical form retains 20–30% of StAR activity and presents as 
compensated primary adrenal insufficiency and various degrees of gonadal function 
ranging from hypergonadotropic hypogonadism to normal gonadal function 
[79, 80].

 Side Chain Cleavage Enzyme Deficiency (P450scc)

This enzyme is encoded by CYP11A1 and is involved in the first step of steroido-
genesis, and it catalyzes the conversion of cholesterol to pregnenolone in steroido-
genic cells. A cell is defined as steroidogenic if it expresses P450scc which is the 
only enzyme that can catalyze the conversion of cholesterol to pregnenolone [79]. 
Clinical and laboratory characteristics are almost identical to lipoid CAH. Those 
patients exhibit adrenal insufficiency and 46,XY sex reversal due to disruption of 
steroidogenesis. Both deficiencies can be distinguished by DNA testing and in con-
trast to StAR deficiency, patients with side chain cleavage enzyme deficiency have 
atrophic adrenal and gonads [78, 79]. As StAR mutations are more common, it has 
been suggested that sequencing StAR first and if mutations are not found, then 
sequencing P450scc [79]. Although some P450scc-deficient children have early 
onset adrenal insufficiency, the age of clinical onset mostly correlate with the 
enzyme activity, with late-onset patients having substantial residual activity [81].
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 Introduction

Congenital adrenal hyperplasia (CAH) results from the insufficient synthesis of cor-
tisol occurring as a consequence of a deficiency of one of the steroidogenic enzymes 
being inherited as an autosomal recessive disorder. Approximately 95% of the cases 
are due to 21-hydroxylase deficiency (21-OHd), an enzyme that is expressed mostly 
in the adrenal cortex [1]. It is one of the most common autosomal recessive diseases, 
but in spite of the progress in its genetic diagnosis, this is a complex process with 
significant risk of attaining incomplete results and consequently misunderstanding 
of the real situation [2].
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Congenital adrenal hyperplasia due to 21-hydroxylase deficiency (21-OHd) 
encompasses very important disorders with high morbidity (the classical forms) or 
high prevalence (the non-classical forms). They affect patients’ life in many ways, 
ranging from salt-wasting and life-threatening crises to virilization with variable 
degrees of genital ambiguity and with all its consequences of gender determina-
tion and reconstructive surgeries, ultimately affecting normal sexuality and repro-
duction. Some researchers believe that this division of the classical forms is 
artificial as the simple virilizing forms may also have variable degrees of salt 
wasting [3–5]. Finally, there are non-classical forms (NCAH) in which the enzy-
matic activity is significantly retained, between 20% and 60%, and in conse-
quence, there is normal production of mineralocorticoids and cortisol. The 
resulting phenotype is characterized mainly by androgen excess that is less severe 
or occurring later in life; nevertheless, it may have an impact on sexuality and 
reproduction or simply affect the patients’ self-esteem and quality of life. One of 
the important features of NCAH forms is their much higher prevalence in com-
parison to the classical forms.

Genetic alterations of classical salt-wasting forms lead to complete absence of 
21-OH enzyme and consequently to impairment of cortisol and aldosterone biosyn-
thesis. In classical forms, there is also highly increased secretion of androgens, 
clinically translated in female virilization and precocious puberty in males. This is 
the result of increase in ACTH production (or action) due to enzymatic blockage 
causing loss of feedback control upon hypothalamus and pituitary, leading to diver-
sion of steroidogenic precursors to the androgenic pathways.

Other pathogenic genetic variants cause less severe alterations that are compati-
ble with the synthesis of 21-hydroxylase protein with some activity, some cortisol 
and aldosterone synthesis, in amounts that are compatible with life, without the 
need for their replacement. In those cases, the disease manifests itself later in life, 
mostly by excessive production of androgens. In these “non-classical,” less severe 
forms, hyperandrogenemia also results from diversion of 17-hydroxyprogesterone 
and other precursors to alternative androgenic pathways in spite of the fact that 
cortisol is not significantly reduced, and ACTH not significantly elevated (altered 
enzymatic kinetics).

 The Structure of the CYP21A2 Gene

CYP21A2 is located in chromosome 6, in the area of the human histocompatibility 
complex (HLA), a region with a complex organization of genes with a great vari-
ability in their size and copy numbers [6–9].

At a distance of 30 kb from CYP21A2, there is a pseudogene (e.g., a nonfunc-
tional gene) named CYP21A1P. Both the functional gene and the pseudogene have 
ten exons and share a high level of genetic homology (98% in their exons and 96% 
in their introns) [10, 11]. The pseudogene is inactive because it accumulates a great 
number of mutations along human development.
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The neighbor localization and high homology of these two genes frequently lead 
to misalignments during meiosis that result in recombinations between the gene and 
the pseudogene (gene conversions) that are responsible for the majority of point 
mutations in the CYP21A2 gene.

In close proximity to these two genes, there are other genes in the same region of 
chromosome 6 forming genetic units called RCCX. These genes are RP1, C4, TNXB, 
and two truncated pseudogenes, RP2 and TNXA [12]. The genes C4B and C4A are 
translated into the fourth component of complement [13, 14], while TNXB encodes 
for an extracellular matrix protein called tenascin-X23 and the RP1 gene gives origin 
to a serine/threonine nuclear protein kinase [12]. The proximity of CYP21A2 and 
TNXB genes explains the existence of a syndrome with simultaneous characteristics 
of CAH and of the hypermobility type of Ehlers–Danlos syndrome, resulting from 
the simultaneous deletion of both genes the CAH-X syndrome [15–17].

The most common organization of this region has two RCCX modules, one with 
the CYP21A1P pseudogene and the other with the CYP21A2 active gene. The orien-
tation of the genes from telomere to centromere is: RP1-C4A-CYP21A1P- 
TNXARP2-C4B-CYP21A2-TNXB. The haplotype, bearing two RCCX modules, is 
present in about 69% of the Caucasian population [18]. A mono-modular haplotype 
may also occur (in 17% of the population) while a “three modular” haplotype has 
been reported to be present in 14% [12, 19]. Most haplotypes with three modules 
have two copies of the CYP21A1P pseudogene and one copy of the CYP21A2 gene. 
Two copies of the CYP21A2 gene and only one of the CYP21A1P can also occur, 
and this situation has been described particularly in cases with the p.(Gln319∗) 
pathogenic variant and of chimeric CYP21A1P/CYP21A2 genes [19–21].

Another important aspect of the structure of CYP21A2 gene is the high preva-
lence of copy number variations, which in conjunction with the enormous amount 
of possible genetic variants makes the characterization of CYP21A2 alleles a diffi-
cult task. Genetic variants have been identified in both the coding and non-coding 
regions of the gene inclusively in the 5′UTR and the 3′UTR regions. Consequently, 
it is recognized that the characterization of the gene must include the sequencing of 
every exon, and the intron–exon boundaries [2].

 The Origin of CYP21A2 Alterations

Due to gene and the pseudogene localization and genetic complexity of the region, 
recombination events are generally the cause of CYP21A2 pathogenic 
modifications.

In fact, intergenic recombinations between the inactive and active genes (gene 
conversions) are responsible for more than 95% of the pathogenic variants causing 
21-OHd [22, 23].

About 75% of the pathogenic variants are transferred by small conversions from 
the pseudogene during meiosis. These conversions can involve one or more pseudo-
gene variants. They are called “microconversions.”
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In the other 20–25% of the cases, 21-OHd CAH results from gross misalignment 
(unequal crossing over) during meiosis. Gene deletions, gene duplications, and 
deletions involving CYP21A2 and other contiguous genes usually ensue [24, 25]. 
Rarely, 21-OHd CAH can also be the result of uniparental isodisomy [26].

More than 250 genetic variants of CYP21A2 are capable of causing human dis-
ease. The majority of these will result in classical forms of 21-OHd [27]. One hun-
dred and fifty-three genetic variants have been demonstrated to be missense mutations 
and have been shown to be able to give rise to all forms of the disease. On the con-
trary, nonsense and frameshift mutations always result in classical 21-OHd forms [27].

Genetic variants have also been observed in non-translated regions of CYP21A2 
gene. Some of these affect the promoter, resulting in promoter conversion [28].

Sequencing of CYP21A2 gene in suspected cases should be considered essential 
in modern medical practice. Only a complete genetic analysis can accurately deter-
mine the genotype as pathogenic variants are frequently complex [2].

The effort to genotype a patient with 21-OHd used to be simplified by focusing 
on a group of 10 pathogenic variants that account for the majority of affected alleles. 
However, a recent study has demonstrated that this targeted CYP21A2 mutation 
analysis may fail to identify mutations on one allele in 10.4% of the cases [29].

In light of the present knowledge, familial segregation studies should always be 
done, as this is the only way to be sure if two detected pathogenic variants affect the 
two alleles (trans configuration) or are located in the same allele with the other one 
being normal (cis configuration). For this purpose, both parents have to be studied 
together with the proband.

 CYP21A2 Genetic Modifications

There are large rearrangements and small conversions. Large recombinations result 
from unequal crossing over during meiosis. The other type of conversion occurs 
when a small segment of the functional CYP21A2 gene is replaced by a segment 
from the CYP21A1P pseudogene (microconversions). The altered CYP21A2 gene 
will carry a point mutation or a short sequence that may involve one or more exons 
[10, 22, 30, 31]. As these variants are pathologic, they will give rise to an inactive or 
at least significantly modified 21-hydroxylase protein.

 Large Deletions and Conversions

Approximately 25% of alleles carry a deletion, a large gene conversion, or the for-
mation of an inactive chimeric gene which is the result from a meiotic recombina-
tion in which the final product is a non-functional chimeric gene with its 5′ end 
belonging to CYP21A1P and the 3′ end to CYP21A2 [32–34].

Several different chimeric CYP21A1P/CYP21A2 genes have been identified as a 
result of variable length deletions [35–38].
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 Point Mutations and Small Deletions/Insertions

Most of the intergenic recombinations (75%) correspond to abnormal nucleotides 
normally present in the pseudogene that are transferred to the functional gene by 
microconversion [30] (Fig. 1). Other rearrangements have been reported including 
a deletion of 10 nucleotides in exon 8 or a duplication of 16 nucleotides in exon 9.

 Other Pathogenic Variants

Many different pathogenic variants have been described, and these will certainly 
increase with the widespread utilization of molecular diagnosis. Most of these are 
rare, having been described in only one case or one family (see http://www.cypal-
leles.ki.se/cyp21.htm and http://www.hgmd.cf.ac.uk). Less than 5% of the patho-
genic variants are not caused by gene conversions and so possibly not being 
presented in the pseudogene [39, 40].

 Polymorphisms

Some alterations that are found in CYP21A2 gene do not affect 21-hydroxylase 
production and are considered normal polymorphisms [6]. It is possible that at least 
some of these variants are also present in the CYP21A1P gene and represent gene 
conversions not affecting the enzyme. However, others have been described only in 
the CYP21A2 gene.

P30L G110∆8nt I172N

I236N
V237E
M238K V281L

F306+1nt R356W

Q318X P453S

1098765432

In2G

Legend

SW SV NC

1

Fig. 1 Location of the most common CYP21A2 mutations that are transferred by gene conversion 
and their association with the clinical outcome. Numbered boxes represent CYP21A2 exons. SW 
salt wasting, SV simple virilizing, NC non-classical

Congenital Adrenal Hyperplasia Due to 21-Hydroxylase Deficiency: Genetic…

http://www.cypalleles.ki.se/cyp21.htm
http://www.cypalleles.ki.se/cyp21.htm
http://www.hgmd.cf.ac.uk


24

 Genotyping and Pregnancy

Genotyping of CYP21A2 gene as completely as possible is very important in cou-
ples who wish to conceive. It allows confirmation of the diagnosis, and it is the only 
way to do a correct genetic counseling.

The parents want to learn about the risk of having a child with salt-wasting form 
or with severe virilization in case of a female fetus.

It is well established that in a woman with CAH, the progeny will or will not 
have CAH according to the partner’s genotype. If he does not have any pathogenic 
variant in CYP21A2, the children will be carriers but will not have the disease. If the 
woman’s genotype consists of two mild pathogenic variants, for instance being 
homozygotic for V281L (p.(Val282Leu)) and her partner is a carrier of a CYP21A2 
pathogenic variant, whatever it may be, 50% of her children will have NCAH (50% 
being merely a mathematical probability). However, in general population, the 
probability of being a carrier for a severe pathogenic variant is 1.7% (1 in 60) [41], 
and consequently the risk for having a child with classical 21-OHd CAH would be 
expected to be 1:600 since it has been reported that the probability of a patient with 
NCAH having a severe pathogenic variant together with a mild one is approxi-
mately 2/3 [29, 42]. The real frequency is however closer to 2.5% [43], and this 
made researchers believe that the carrier frequency is probably higher than is sus-
pected, at least in some populations.

The actual recommendation is that both parents should be genotyped whenever 
possible as part of the prenatal study protocol if one potential progenitor has any 
form of 21-OHd CAH [43].

 Genotype–Phenotype Correlations

There is a good correlation between genotype and the phenotype generally reported 
as reaching 90% or even 95% [33, 44–47]. However, it must be acknowledged that 
the clinical picture resulting from 21-hydroxylase deficiency is in fact a continuum of 
reductions in enzyme activity, and the three degrees of severity, in which the disease 
is generally classified, are only a simplification aiming to facilitate the clinical prac-
tice [48]. It is also recognized that the phenotypes can change with time and conse-
quently a perfect correlation between genotype and phenotype is virtually impossible.

There are genetic variants that are considered to cause the most severe forms of 
the disease (100% enzymatic deficiency), resulting in salt-wasting forms of the clas-
sical 21-OHd CAH. These variants are called severe pathogenic variants (Fig. 2).

The missense pathogenic variant I172N (p.(Ile173Asn)) confers around 1–2% of 
the normal 21-hydroxylase activity, and even this small enzymatic activity is suffi-
cient for a near normal aldosterone production, reducing almost completely the risk 
of salt-wasting crises. Thus, it is associated with the simple virilizing form of 
21-OHd CAH. Pathogenic variants, as this one, are called the intermediate patho-
genic variants (Fig. 2).
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Other pathogenic variants including P30L, P453S, R339H, R369W, I230T [48], 
and V281L (clearly the most frequent pathogenic variant in NCAH cases in most 
series) result in a conservation of enzymatic activity of 20–60% and consequently 
in less severe symptoms which are associated with the non-classical form (mild 
pathogenic variants) (Fig. 2).

Importantly, most of the 21-hydroxylase-deficient patients are compound hetero-
zygotes instead of homozygotes [3, 29], and this implies that the phenotype is gen-
erally affected by the residual 21-hydroxylase activity and consequently by the less 
severely mutated allele [33]:

 1. The most severe phenotypes (the classical forms) must have severe pathogenic 
variants in both alleles and none of the mild pathogenic variants.

 2. The NCAH patients may have two mild mutations (a situation that occurs in 
approximately 35% of the cases) or one mild and one severe ones (in the 
other 65%).

Severe

0% enzymatic activity − Classic, Salt wasting CAH

Intermediate

1−2% enzymatic activity − Classic, Simple virilizing CAH

Mild

20−60% enzymatic activity - Non-classic CAH

• Gene deletions

• Large gene conversions

• 8bp del

• E6 cluster

• Q318X (p.(Gln319*))

• R356W (p.(Arg357Trp))

• I172N (p.(I e 173 Asn))

• IVS2-13 (c.293-13A/C>G)

• P30L (p.(Pro31Leu))

• P453S (p.(Pro454Ser))

• R339H (p.(Arg340His))

• R369W (p.(Arg370Trp))

• I230T (p.(I e231Thr))

• V281L (p.(Val282Leu))

Fig. 2 CYP21A2 pathogenic variants and their correlation with phenotype
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A mild pathogenic variant present in one of the alleles allows the synthesis of 
21-hydroxylase up to 50–60% of the normal activity, in spite of the fact that the 
severe pathogenic variant, present in the other allele, does not contribute to any 
synthesis.

Although the correlation between genotype and phenotype is high, it has been 
observed that some of these pathogenic variants confer different phenotypes depend-
ing on if they are isolated or associated with another pathogenic variant.

In fact, there is some diversity of the phenotypes in patients with less severe 
pathogenic variants [5, 33, 49, 50]. It has been reported that in spite of being pre-
dictable that the phenotype will correspond to the less severely affected allele, the 
presence of a second allele with a more severe pathogenic variant can result in a 
more serious clinical phenotype [51–55] with higher degrees of hirsutism and also 
of higher 17OHP levels than cases with two mild genetic alterations [42, 56].

The pathogenic variants IVS2-13 (c.293-13A/C>G) and I172N (p.(Ile173Asn)) 
can result in variable degrees of 21-hydroxylase activity (possibly through alterna-
tive splicing). Patients with these mutations are generally expected to be simple- 
virilizing cases but may sometimes present as salt-wasting forms, and the others 
may stand closer to NCAH [34, 57]. Similarly, the pathogenic variant P30L 
(p.(Pro31Leu)) which is considered to be a cause of NCAH has been reported to be 
responsible for cases of SV-CAH, as well [58, 59]. Considering about the residual 
21-hydroxylase activity which is expected to present with P30L mutation, this is 
unexpected. The NCAH patients with P30L mutation can exhibit stronger viriliza-
tion with clitoromegaly and advanced bone maturation [60]. Different mechanisms 
have been proposed for the increased androgenization of these patients, including 
the influence of other residues, accompanying promotor variability or mutations and 
finally variations in individual androgen sensitivity [59]. In fact, some concomitant 
factors capable of modifying the phenotype have been suggested such as the num-
ber of CAG repeats of the androgen receptor, other genes encoding proteins with 
21-hydroxylase activity and alternative pathways of androgen biosynthesis capable 
of causing fetal virilization in females [59].

In a multi-national study of 1507 families with CAH, SV form of CAH was 
found in 17/74 patients having P30L mutation (23%) [46].

Even when it does not clearly result in a SV form, the clinical manifestations in 
patients with P30L will include stronger signs of virilization, earlier adrenarche, 
clitoromegaly, and some patients require treatment with glucocorticoids compared 
to other patients with NCAH form [39, 44, 61].

Moreover, genotypes P30L/I2 splice, P30L/Q318X, and P30L/8Δbp are espe-
cially associated with SV form of CAH [46]. If not treated with glucocorticoids, SV 
progresses steadily during childhood causing early puberty, short adult stature, and 
fertility problems in both genders including testicular adrenal rest tumors 
(TARTs) in men.

Incomplete correlation between genotype and phenotype may also result from 
not sequencing the whole gene and hence not having a full picture of the genetic 
alterations.
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 Genetic Sequencing

Sequencing of the entire gene by PCR mutation-detection methods together with 
multiplex ligation-dependent probe amplification are the golden standard for study-
ing the CYP 21A2 gene.

 General Considerations

Specific gene amplification by PCR has dramatically improved the sensitivity of 
different techniques to detect CYP21A2 pathogenic variants. Modernly, PCR condi-
tions have been identified that allow the amplification of CYP21A2 without amplify-
ing the very homologous CYP21A1P pseudogene. These conditions result from 
amplifying CYP21A2 in two segments (Fig. 3).

PCR-based diagnosis may be complicated by the failure of amplifying one hap-
lotype which may result in misdiagnosis. Examination of flanking microsatellite 
markers in all family members can minimize this problem.

Another important aspect is that, if only a DNA sample from the patient is ana-
lyzed, it is impossible to distinguish compound heterozygosity for different patho-
genic variants occurring in trans and the presence of two pathogenic variants in the 
same allele (cis). Therefore, ideally both parents should also be analyzed, so as to 
most reliably determine the phase of different pathogenic variants (i.e., whether 
they lie on the same or opposite alleles). Analysis of parental alleles also permits 
differentiating homozygotes and hemizygotes (i.e., individuals who have a patho-
genic variant on one chromosome and a deletion on the other).

P1F

1 2 3 4 5 6 7 8 9 10
10F

CAH34R

P2RP2F

P2F

BM12F

Second PCR-P2-amplification product (2214 bp)

P1RFirst PCR-P1-amplification product (1517 bp)

P1F EXA4R

Fig. 3 Proposed strategy to whole-gene sequence of the CYP21A2 gene. Numbered boxes repre-
sent CYP21A2 exons and arrows represent the primers. Adapted from [62]
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 DNA Sanger Sequencing

The whole-gene sequencing (together with MLPA) has become the standard proce-
dure in cases of 21-OHd. It usually covers the coding regions and the flanking 
intron–exon regions of the gene. This method not only detects the more common 
genetic variants but can also detect the novel sequence variants helping to explain 
some cases in which there has not been a correlation between genotype and pheno-
type. Main difficulty results from the homology between the gene and the pseudo-
gene. To avoid the co-amplification of pseudogene CYP21A2, whole-genomic 
sequencing may be performed selecting the functional CYP21A2 gene and amplify-
ing it by PCR into two partially overlapping fragments, P1 and P2 respectively with 
one 517 and two 214 base-pairs (bp). After selective amplification of the targeted 
gene and subsequent purification, the PCR product is sequenced with internal prim-
ers that cover the entire CYP21A2 gene [62].

 MLPA

After sequencing the entire CYP21A2 gene, one should also look for deletions and 
duplications [63, 64]. This is currently done using multiplex ligation-dependent 
probe amplification (MLPA) [65].

The MLPA assay is a technique that enables the detection of variations in the 
copy number of several human genes. Due to the large number of genes or genetic 
sequences that can be simultaneously analyzed, MLPA assay has become the gold 
standard for molecular analysis of all pathologies derived from the presence of gene 
copy number variation [66]. Besides, MLPA can be used to confirm the point muta-
tions identified by sequencing analysis.

Detection of deletions and duplications of CYP21A2 gene and the CYP21A1P 
pseudogene by MLPA is currently performed, using the P050-CAH Kit (MRC- 
Holland). This high-resolution method uses only a single pair of PCR primers, and 
the specificity relies on the use of progressively longer oligonucleotide probes, in 
order to generate locus-specific amplicons of increasing size that can be resolved 
electrophoretically. Comparing the peak pattern obtained to that of the reference 
samples, it is possible to determine which probes/locus show abnormal copy num-
bers [67, 68].

 Final Considerations

Genotyping can also be used for disease prevention. Preimplantation genetic diag-
nosis is increasingly being performed to limit the transmission of several diseases, 
including CAH, being used in conjunction with in vitro fertilization.
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Another aspect of prenatal diagnosis consists of early gender determination, by 
the detection of SRY in circulating fetal DNA that is present in maternal blood at 
very early stages of pregnancy. This allows the identification of male fetuses that do 
not need to be treated prenatally. In case of a female fetus, obstetricians and pedia-
tricians may treat these cases during early stages of pregnancy to prevent genital 
ambiguity. It is also possible to perform sequencing methods of the CYP21A2 gene 
in circulating fetal DNA, but this is complex and still carries a significant possibility 
of false positives or false negatives. Chorionic villus sampling and amniocentesis 
can still be used for prenatal treatment to prevent the masculinization of external 
genitalia of the female fetus with classical 21-OHd; however, they are performed 
rather late [2, 29, 69].
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 Introduction

Congenital adrenal hyperplasia (CAH) is a group of hereditary disorders with auto-
somal recessive inheritance, which affects both children and adults. Mutations that 
cause loss of function in genes encoding enzymes that play various roles in the 
synthesis of adrenal steroids are responsible for the presentation. The basis of these 
disorders include the decrease in cortisol biosynthesis and secretion, abolished neg-
ative feedback control of cortisol on hypothalamus and pituitary, leading to increased 
corticotropin release, which, in turn, results in hyperplasia of the adrenal cortex. 
The phenotypic spectrum of CAH depends on the mutated enzyme and the severity 
of mutation. The enzyme deficiency can be complete or partial.

In virilizing forms of CAH, increased ACTH release leads to an increase in adre-
nal androgen synthesis. Four enzymes that take action in cortisol synthesis and 
whose deficiencies lead to CAH are biosynthetic enzymes: CYP21, CYP11B1, 
CYP17, and 3β-HSD. Another is the StAR enzyme, a transport protein that regu-
lates cholesterol transfer within the mitochondria in the cell [1, 2]. In particular, 
CYP21 and CYP11B1 deficiencies lead to an increase in metabolites and androgens 
behind enzyme deficiency as well as a defect in cortisol synthesis. Accordingly, 
significant virilization occurs in the affected female fetuses. In both genders, periph-
eral early puberty develops after birth. In the majority of cases, enzyme deficiency 
is not complete, thus sufficient amount of cortisol is made to live, but under stress, 
cortisol insufficiency may develop.

21-Hydroxylase (CYP21) deficiency (21-OHd) accounts for 90–95% of the 
cases with congenital adrenal hyperplasia while 11–β-hydroxylase deficiency 
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affects 5–8% [1]. These two enzymes are found only in the adrenal gland, they are 
not found in gonads, while the other enzymes causing CAH act in either adrenals or 
gonads. Accordingly, 21-Hydroxylase and 11–β-Hydroxylase enzymes are not 
required for sex steroid synthesis. Therefore, similar clinical manifestations occur 
with excessive production of androgens in both sexes with the deficiencies of the 
two enzymes mentioned above. StAR, P450scc, 17α-hydroxylase/17–20 lyase 
enzyme deficiencies, in which both adrenal glands and gonads are affected together, 
are rare causes of sexual development disorders in which sex steroid production is 
interrupted, presenting with inadequate masculinization in males and mild viriliza-
tion or normal appearance in girls. In older ages, inadequate development of puberty 
may be observed.

In this chapter, the two enzyme deficiencies 21-hydroxylase and 11–β-hydroxylase 
have been emphasized as they constitute the vast majority of CAH and create simi-
lar clinical pictures with androgen excess.

 21-Hydroxylase Deficiency

21-Hydroxylase deficiency (21-OHd) is the most common type accounting for 
90–95% of the cases. The locus, containing the CYP21 gene region is quite com-
plex. There are two 21-hydroxylase loci: the functional one, CYP21A2 gene 
(CYP21A2), is located in HLA class 3 region 6p21.3 and the other, homologous 
non-functional pseudogene, CYP21A1P, is also located in 6p21.1. Meiotic recom-
bination in this region is common due to high-sequence homology between dupli-
cated genes [3].

The incidence of 21-hydroxylase deficiency CAH ranges from 1 in 5000 to 1 in 
15,000 according to the ethnic origin. In Western countries, carrier frequency for 
classical mutation has been estimated to be about 1:50–60 [4]. This enzyme is 
involved in both mineralocorticoid and glucocorticoid synthesis by catalyzing the 
conversion of Δ4 steroids; progesterone to deoxycorticosterone (DOC) in zona glo-
merulosa and 17-hydroxyprogesterone (17-OHP) to 11-deoxycortisol in zona fas-
ciculata. In 21-OHd CAH, the processes mentioned above cannot be performed. 
Then, increased 17-OHP metabolite is converted to DHEA, DHEAS, and andro-
stenedione (AS). As a result, increased androgens lead to virilization in the genital 
bridge of the affected 46, XX female fetus. The 17-OHP is also converted to dihy-
drotestosterone (DHT) via a different route called the “backdoor pathway” [5]. In 
this pathway, 17-OHP is converted to 5α-pregnane-3α,17α-diol-20-one, resulting in 
the formation of a large amount of androstenediol, that will act as a substrate during 
conversion to DHT.  The CYP21A2, CYP11B2, or p450 oxidoreductase (POR) 
mutations that cause 17-OHP accumulation in fetal life always cause an increase in 
DHT levels using this route [6]. In this pathway; DHT is produced without DHEA, 
androstenedione, and testosterone.

There are severe mutations in both alleles of CYP21 gene in classical 21-OHd 
CAH.  The course of the disease is life-threatening in cases with less than 1% 
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residual enzymatic activity. It results in salt wasting. In patients with an enzyme 
activity of 1–11%, aldosterone synthesis can be achieved, which protects the patient 
from severe salt-wasting crisis, and this presents as simple virilizing type [1]. These 
cases do not exhibit signs of salt loss under normal conditions, but they are at risk 
of adrenal crisis under intervening stressful situations. Patients with non-classical 
form carry two mild mutations in both alleles or severe mutations in one allele and 
mild in the other. The latter conditions are defined as “compound heterozygous.” 
The degree of enzyme deficiency in this form is between 20% and 50% [1, 7]. More 
than 100 mutations of 21-OH enzyme have been identified to date [8].

Extra-adrenal 21-hydroxylase activity has been defined in adult and fetal tissue 
and 21-hydroxylated steroids can be detected in the plasma of patients with 21-OHd 
which explains the decreased need for mineralocorticoids in adulthood [9].

 General Features of Classical Congenital Adrenal Hyperplasia 
due to 21-OHd

Ambiguous genitalia is the main finding in 46,XX cases with the classical form of 
CAH due to 21-OHd. Prenatal exposure to excess androgens from the sixth week of 
gestation leads to different degrees of virilization of the genital bridge. In utero 
deficiency of cortisol synthesis before week 12 causes overproduction of ACTH and 
hence adrenal steroids. The 17-OHP turns to AS and 17-hydroxy-pregnenolone to 
DHEA resulting in androstenedione and testosterone overproduction, leading to 
varying degrees of virilization in the fetus. Normal female sexual development can 
be seen in Fig. 1. Clitoromegaly, fusion of labia majora, labioscrotal structure, and 
urogenital sinus are findings of physical examination. The appearance of the exter-
nal genital organs is classified according to Prader’s staging [10]. According to this, 
the appearance ranges from clitoromegaly in stage I to a cryptorchid male appear-
ance in stage V. The vagina and urethra open out through a common channel as the 
urogenital sinus persists in severe cases. Degree of virilization shows individual 
variations, and there is no correlation between the severity of mutation and degree 
of virilization. While some patients only have clitoromegaly, others with the same 
mutation may have 4–5 degrees of virilization, that is, completely a male genitalia 
appearance. Figure 2 shows a case with Prader stage III virilized external genitalia, 
and Fig. 3 shows an example of the fifth degree of virilization. In latter cases, the 
gonads are naturally ovarian and are not palpated on physical examination. If it is 
not diagnosed in neonatal period and the child grows without treatment, early pubic 
hair growth, rapid linear growth, and advanced bone age accompany the picture due 
to high androgens. This leads to short stature with early closure of the epiphyses. 
Untreated CAH cases are tall children but become short adults. The anti-mullerian 
hormone will not be secreted due to lack of testicular tissue and internal genital 
organs will remain as female. These cases have uterus, as well. The genitalia of 
fourth-to-fifth degree virilized cases exhibit no doubt male external genitalia appear-
ance, and they are raised as male. The usual reasons for visit to a physician are the 
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absence of palpated gonads, which is perceived as bilateral cryptorchidism. There is 
also early pubic hair growth (Fig. 3). Despite exposure to high androgens, ovaries 
remain in their normal location. If performed by experienced hands, both uterus and 
ovaries can be demonstrated sonographically.

In severe 21-OHd CAH, aldosterone cannot be synthesized which leads to life- 
threatening symptoms of salt wasting. Salt loss symptoms usually present within the 
first 6–14 days of life. It is rarely seen beyond the second week after birth. The find-
ings of salt-wasting include hypovolemia, hyperreninemia, hyponatremia, and 
hyperkalemia. Cortisol deficiency contributes to insufficient cardiac function and 
vascular response to catecholamines, decreased glomerular filtration rate, and 
increased antidiuretic hormone secretion. Cortisol and aldosterone deficiency 
together cause hyponatremic dehydration and shock. Patients are referred to physi-
cian with symptoms, such as difficulty in breastfeeding, lethargy, dehydration, diar-
rhea, and vomiting. Hyponatremia, hyperkalemia, and metabolic acidosis develop 
due to excessive sodium loss. In some cases, hypoglycemia accompanies to this 
picture. Male patients with classical 21-OHd CAH may be misdiagnosed as sepsis. 
Hyperkalemia in biochemical laboratory tests should alert the clinician. They can 
also be misdiagnosed as pyloric stenosis which may present with vomiting and met-
abolic alkalosis. If not noticed in time, death may occur usually within the first 
month after birth due to cardiovascular collapse. The tendency to salt-wasting 
decreases, usually, after the age of 2 or 3 years.

In classical simple virilizing types with no evidence of salt loss, girls with severe 
virilization are often assigned as boys by their families and are brought to the physi-
cian with complaints of failure of testicular descent, and premature pubic hair 
growth. If the early diagnosed cases are treated appropriately, they exhibit normal 
female-type pubertal development. Fertility may be possible if they maintain com-
pliance to treatment. Excessive androgen in girls without treatment causes suppres-
sion of gonadotropins. Despite having ovaries and uterus, female pubertal 

Fig. 3 Prader V virilization
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progression cannot occur. Oligomenorrhea or secondary amenorrhea is common in 
girls who receive treatment but do not have good compliance. Accelerated somatic 
growth, advanced skeletal maturation, and premature pubarche are observed in 
untreated cases in both sexes. External genitalia of affected males may be normal at 
birth or mild enlargement of penis in length and hyperpigmentation in scrotum may 
be seen. Although testicular size is prepubertal, macropenis, and premature pubarche 
can be obvious with advancing age. Peripheral precocious puberty can turn to cen-
tral precocious puberty via activation of the hypothalamic–pituitary gonadal axis 
due to negative feedback set point change in patients who start treatment late.

In family history, there can be parental consanguineous marriages, unexplained 
male infant deaths, and history of early pubertal development in siblings. Congenital 
adrenal hyperplasia in 46,XX karyotype should be considered with high suspicion 
when the atypical genital structure is accompanied by nonpalpable gonads at physi-
cal examination. The diagnosis is strengthened when accompanied by genital 
hyperpigmentation. However, hyperpigmentation is not seen in all cases.

In laboratory evaluation, karyotype should be determined, and internal genital 
organs should be imaged by pelvic ultrasonography. Increased high 17-OHP levels 
are evidence of 21-OHd. 17-OHP level is frequently higher than 50 ng/ml in new-
borns, and it rises too much higher levels in preterm births [11]. Cross-reaction with 
fetal adrenal-induced steroids causes difficulty in interpretation of 17-OHP. It has 
been reported that false positivity can be decreased by 40% with measurements 
after diethyl extraction [12]. 21-deoxycortisol measurement by liquid/gas 
chromatography- tandem mass spectrometry method (LC-MS/MS), which is a new 
technique that has been developed over recent years, is recommended as a very sup-
portive measurement [13].

The revised guideline in 2018 which includes a comprehensive approach to 
21-OHd cases has emphasized that 17-OHP measurement with heel-prick blood 
samples is the first step in newborn screening [14]. The evaluation should be made 
according to the gestational age of the baby and false-positive results can be 
obtained. In the second step of CAH screening; the more reliable liquid 
chromatography- tandem mass spectrometry which is preferred to all other methods 
(e.g., genotyping) has been recommended in order to improve the positive predic-
tive value [13]. A modified LC-MS/MS protocol using a ratio defined as the sum of 
17-OHP and 21-deoxycortisol levels divided by cortisol value (17-OHP + 
21- deoxycortisol/cortisol) provides a parameter that detects all affected children 
with 100% positive predictive value [13]. Measurement of urine metabolites, such 
as pregnanetriol and pregnanetriolon, by gas chromatography/mass spectrometry is 
another method that gives excellent specificity even in preterm babies [15]. Today, 
it is recommended to perform community screening via hormonal laboratory tests, 
since the cost of newborn screening with mutation analysis is very high. In individu-
als with a borderline 17-OHP, a complete adrenocortical profile assessment is rec-
ommended after ACTH stimulation test to differentiate 21-OHd from other enzyme 
defects [14]. Androstenedione, testosterone, and progesterone levels are typically 
high in 21-OHd. The hook effect should be considered when these levels are lower 
than expected in both sexes. Plasma renin activity may be high, as well as random 
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17-OHP levels in simple virilizing form of CAH infants, and is an indicator of sub-
clinical salt loss. Hyponatremia, hyperkalemia, hyperreninemia, and low aldoste-
rone are markedly evident in salt-wasting cases. Cortisol levels may not be detected 
as low in the blood, due to the interference of high levels of metabolites.

Another androgen synthesis pathway involves the production of 11-oxygentated 
C19 steroids through CYP11B1 activity in adrenal cortex. New biochemical mark-
ers have been identified recently through 11-oxygenated steroid measurements by 
LC-MS method. 11-ketotestosterone and 5α-dihydrotestosterone are potent and 
efficacious 11 oxy-androgens that are capable of binding and activating the andro-
gen receptor. Circulating levels of 11-oxygenated C19 steroids in patients with 
21-OHd is high, and even if the classical androgen pathway activity is down- 
regulated, the exaggerated activity of both the backdoor pathway and 11- oxygenated 
C19 pathways continues routinely. Information about new steroid markers will help 
to improve the monitoring of metabolite concentrations in patients receiving treat-
ment and to determine the therapeutic goals [16].

Adrenal glucocorticoids stimulate phenylethanolamine N-methyltransferase 
(PNMT) to synthesize epinephrine from norepinephrine in the adrenal medulla. 
Therefore, epinephrine deficiency has also been described in severe mutations with 
severe glucocorticoid deficiency. This deficiency also contributes to the develop-
ment of hypoglycemia and hypotension in acute adrenal crisis [17].

Adrenal ultrasonography in newborns is also quite informative when performed 
by experienced radiologists. Congenital adrenal hyperplasia is associated with 
enlarged, lobulated adrenals with abnormal echogenicity, adrenal tail width is larger 
than 4 mm, and the central echogenic line is lost (cerebriform pattern) [18].

Nowadays, CAH screening programs have become widespread due to the fact 
that salt-wasting in neonates is life threatening soon after birth and 50% of 21-OHd 
CAH patients cannot be diagnosed clinically early enough [19]. Screening is usu-
ally carried out in accordance with European Society for Pediatric Endocrinology 
(ESPE) recommendations [20]. Molecular genetic studies are the gold standard 
for confirming the diagnosis in infants at risk, but it cannot be performed in 
all cases.

 Diagnosis

Congenital adrenal hyperplasia should be considered primarily when there are signs 
of poor weight gain and salt-wasting in an infant especially in the presence of an 
ambiguous genital structure. Salt-wasting is manifested by hyponatremia, hypo-
chloremia, hyperkalemia, metabolic acidosis, increased plasma renin activity (PRA) 
and urinary sodium levels, and decreased serum aldosterone levels. In simple viril-
izing cases, salt-wasting and increased PRA may occur due to increased metabolites 
that are accompanied by an increment in aldosterone levels indicating compensated 
salt wasting. It should be kept in mind that PRA is higher in normal newborns than 
older children.
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Baseline 17-OHP levels in classical CAH infants are generally above 50 ng/ml. 
However, they can be found normal on the first postnatal day even in severe cases. 
Therefore, the first sample in a newborn should be taken between postnatal 48 and 
72 h. The 17-OHP levels of preterm, small for gestational age (SGA) or sick new-
borns are also higher than normal. Therefore, tests should be repeated in suspicious 
cases before 08:00 AM, if required, the ACTH stimulation test should be performed 
by 17-OHP extraction method. At the 60th minute of ACTH stimulation test, it gen-
erally rises above 15 ng/ml in classical 21-OHd CAH [21]. Genotyping is required 
for definitive diagnosis of CAH. Other causes of virilization (e.g., adrenocortical 
tumor) should also be considered in the differential diagnosis. If high steroid levels 
are not suppressed by glucocorticoid therapy, a tumor should be suspected. 
Pseudohypoaldosteronism is the most frequently seen condition that may cause 
confusion in patients with simple virilizing form but is accompanied by evidence of 
salt loss. High levels of testosterone are important for the diagnosis in girls at any 
age, but in boys, postnatal elevations after months 5 or 6 may be associated with 
mini-puberty.

The imaging of the ovaries and uterus with pelvic ultrasonography in 46,XX 
cases with ambiguous genitalia will lead to diagnosis before karyotype analysis. Y 
chromosome analysis can be performed by in situ hybridization (FISH) to acceler-
ate differential diagnosis. In classical CAH cases, genetic testing should be recom-
mended for the patient and family. Neonatal CAH screening programs are becoming 
widespread nowadays and are especially important for the early diagnosis of new-
borns with salt-wasting, of males without salt-wasting, and of severe virilized 
female newborns (Prader 4–5) assigned male sex by mistake. Screening tests for 
measuring 17-OHP levels are performed most commonly by the RIA method and 
the most important problem is false positivity. If the blood sample is drawn after 
48 hours of birth, false positivity may decrease slightly. The birth weight of some 
neonates with CAH may be high according to their gestational age, and this should 
be taken into consideration at interpretation of tests. In screening, patients with 
17-OHP levels below 10 ng/ml at capillary blood samples are considered as normal, 
10–30 ng/ml as suspicious, and over 30 ng/ml are considered as CAH. For confir-
mation, the second blood sample should be evaluated by using LC-MS method [20].

 Genetic

To date, more than 100 CYP21A2 mutations have been reported. Large gene dele-
tions, gene conversions, and point mutations have been identified [8]. According to 
the studies, there is a genotype–phenotype relationship. Among these mutations, the 
IVS2-13C>G mutation is frequently seen as salt-wasting type, whereas p.I172N and 
8-bp deletion are detected in simple virilizing type. Genetic diagnosis can be made 
by searching for 10 mutations that are common in 95% of the cases [8]. Androgenic 
effects are also thought to play a role in phenotypic variability in 21-hydroxylase 
cases apart from CYP21A2 mutations. The CAG repeat length of the androgen 
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receptor gene regulating the androgenic effects has been reported to have an impact 
on phenotype [22]. Another contributing factor is the electron-providing enzyme 
P450 oxidoreductase (POR) [23].

 Treatment

 Steroid Treatment

Hormone replacement therapy is applied according to the clinical and laboratory 
findings of the CAH patient. The aims of treatment are to suppress excessive andro-
gen production by providing sufficient glucocorticoids and, if necessary, mineralo-
corticoids, in order to prevent salt-wasting and achieve normal growth and 
development. While undertreatment with glucocorticoids causes progressive viril-
ization, acute adrenal crisis and bone age acceleration, overtreatment leads to short 
stature, and cushingoid appearance. Also, long-term inadequate treatment may lead 
to precocious puberty, adrenal rest tumors, and ovarian hyperandrogenism in girls.

The dose of glucocorticoids should be adjusted to childhood stage and age. 
Cortisol requirements, which will suppress androgen production and allow normal 
growth and development, vary from person to person. The recommended mainte-
nance amount is 7–18  mg/m2/day for hydrocortisone. It has been reported that 
patients who receive treatment above 20 mg/kg/day during infancy have achieved 
reduced adult final height [24]. However, higher amounts of cortisol than mainte-
nance doses are usually required for reaching the desired therapeutic goals. 
Depending on the condition of the patient, initial treatment dose can be higher. Total 
amount is usually divided into three doses per day. Some researchers suggest that 
higher doses should be given at night, while some others to be given very early in 
the morning. However, it has been demonstrated that giving the large portion in the 
morning or evening does not make any difference in terms of biochemical parame-
ters [25].

The dose should be increased two- or threefold in fever, stress, acute-onset gas-
trointestinal problems, and surgical interventions. Serum 17-OHP level measure-
ment in the early morning can be used as an indicator of ACTH suppression for 
monitoring treatment. Androstenedione and its derivatives reflect the suppression of 
adrenal androgens. The LC-MS/MS is considered as a useful method for the mea-
surement of adrenal androgens because it reduces cross-reaction and specificity 
problems [26]. Since plasma testosterone, 17-OHP, and androstenedione levels fluc-
tuate throughout the day, they should be interpreted together with clinical features.

Growth suppressive effects of glucocorticoids lose their importance after puberty. 
Therefore, short-acting glucocorticoids may be switched to long-acting ones. The 
latter suppress adrenal androgens better than the short-acting ones. They have an 
enhancing effect on fertility in both girls and boys. However, they can disrupt meta-
bolic health and cause cushingoid appearance. They can be preferred in adolescent 
patients with drug compliance problems. Sustained-release glucocorticoids are 
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essential for establishing the imitation of normal circadian rhythm and are the 
promising treatment agents that are not yet widespread [27].

Aldosterone deficiency is evident mainly in salt-wasting form and although not 
clinically evident, all types of 21-OHd CAH have varying degrees of hidden aldo-
sterone deficiency. Therefore, patients may benefit from mineralocorticoid therapy 
under appropriate conditions. Mineralocorticoid requirement is higher during 
infancy due to pseudohypoaldosteronism. The recommended daily dose, divided 
into two parts is 0.1–0.2 mg. Since the salt in mother’s milk is insufficient for the 
first 6–8 months, salt can be added to the treatment until adult-type nutrition is pro-
vided. The required sodium intake is 2 mEq/kg per day. Since sensitivity increases 
with time in childhood and adolescence, mineralocorticoid requirement drops to the 
range of 0.05–0.1 mg/day. If it is not adequately supplied in salt-wasting form, it 
leads to hypovolemia, hyponatremia, and hyperkalemia. Plasma renin activity 
should be measured at regular intervals. Excessive mineralocorticoid and salt 
administration may cause hypertension and congestive heart failure, as well.

For emergencies, families must have injectable hydrocortisone. It is important 
for all patients to carry an emergency treatment ID card. In the long-term follow-up 
of patients, complications such as short stature, learning disorders (especially in 
salt-wasting type), polycystic ovary syndrome, menstrual irregularities, problems 
with sexual life, and infertility in adulthood are important problems. In girls of 
reproductive age, the probability of normal pregnancy increases if serum progester-
one is lower than 0.6 ng/ml (2 nmol/L) in the follicular phase [28].

 Additional Treatment Regimen to Glucocorticoids

Antiandrogens can be used with hydrocortisone when insufficient suppression of 
adrenal androgens is observed. In particular, flutamide, a nonsteroidal anti- androgen, 
has been demonstrated to suppress androgens sufficiently at a dose of 10 mg/kg/day 
(max 500 mg) [29]. There is no study about the effectiveness of other antiandrogens 
in children. Spironolactone is also contraindicated in children as an antiandrogen.

Aromatase inhibitors slow down bone maturation and keep epiphyses open lon-
ger by reducing estrogen synthesis. Their positive effects on height have been shown 
when combined with androgen receptor antagonists [30]. However, routine use is 
controversial due to the short follow-up time of cases in literature and lack of con-
trolled studies.

 11-Beta Hydroxylase (CYP11B1) Deficiency

11-Beta Hydroxylase (CYP11B1) gene is localized on 8q22 chromosome and its 
many mutations have been identified. This enzyme is expressed in the zona fascicu-
late and converts 11-deoxycortisol to cortisol. Its deficiency constitutes 5% of cases 
with CAH.  The disorder has been seen in 1:100.000  in Caucasians and 
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1:6000–7000 in Jews [31]. The clinical picture consists of glucocorticoid deficiency, 
androgen excess, and hypertension. Either the degree of virilization or hypertension 
show phenotypic heterogeneity even in the same family. Reduction in 
11- hydroxylation activity decreases corticosterone and cortisol secretion. Increased 
ACTH stimulates androgen synthesis. Typical laboratory findings are elevation in 
serum 11-deoxycortisol (DOC) and decrease in serum PRA.  Hypertension and 
hypokalemia are explained by the increased production of metabolites such as 
11-deoxycortisol and 11-deoxycorticosterone [32]. However, hypertension does not 
always correlate with serum DOC levels [32, 33]. In neonatal period, hypertension 
may usually not be detected due to the suppression of renin–angiotensin system and 
renal mineralocorticoid resistance. Hypertension occurs in the first few years of life 
in two-thirds of the cases, but there are cases reported with severe hypertension in 
the very first days of life and hypokalemia is also common. In addition, 17-OHP, 
androstenedione, and testosterone levels may be high. While heterozygotes gener-
ally give normal responses to ACTH stimulation, serum 11-deoxycortisol, and 
11-deoxycorticosterone levels may be elevated [34].

Female patients who suffer from hirsutism and menstrual irregularities may have 
non-classical 11-beta hydroxylase deficiency. However, it is quite rare. Only 40% of 
women with elevated DOC levels and hyperandrogenemia have been reported to 
express partial activity of this enzyme [35]. In the late-onset form of this enzyme 
deficiency, hypertension does not usually occur.

 Diagnosis

High levels of basal or corticotropin-induced 11-deoxycortisol and deoxycorticoste-
rone levels are diagnostic. In affected individuals, these metabolites are at least 
three times above 95th percentile for age [36]. Serum 11-deoxycortisol level is gen-
erally over 7 ng/ml. Increased metabolites lead to water and salt retention and con-
sequently suppression of plasma renin. Progressive virilization, acceleration in 
somatic development, and bone maturation occur in both sexes. In cases, when there 
is no mutation in 21-hydroxylase gene, 11-B-hydroxylase deficiency should be 
sought first. More than 50 mutations have been identified in the CYP11B1 gene to 
date [8]. Genotype and phenotype relationships have not yet been demonstrated. 
Though difficult, prenatal diagnosis is possible.

 Treatment

Treatment of CYP11B1 deficiency is similar to that of simple virilizing form of 
CYP21 deficiency. Virilization is prevented with glucocorticoid replacement by 
suppressing corticotropin release and androgen production. During this suppres-
sion, since DOC release is also suppressed, hypertension improves. However, 
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patients with persistent hypertension may additionally require antihypertensive 
therapy. Treatment follow-up is performed with serum DOC, 17-OHP, and PRA 
levels, as well as adjustments made according to clinical findings. Surgical treat-
ment approach is the same in cases with atypical genitalia in both enzyme 
deficiencies.

 Gender Determination and Surgical Treatment

Gender determination has to be decided for each case by discussion of benefits and 
drawbacks of each option in short and long terms. Gender identity must also be 
supervised by specialists if the child’s age is appropriate. Irreversible corrective 
surgical approaches should be delayed whenever possible, considering the risk of 
future rejection of assigned gender in ambivalent cases. The decision should be 
explained to the family, and an informed consent form should be signed.

Affected virilized females may exhibit some masculine patterns of behavior, but 
difficulties such as inability to accept their female roles or gender identity problems 
are rare. ESPE 2002 consensus proposes to assign a female gender, even if the vir-
ilization degree of the affected neonate is Prader V [37].

 The Aims of Surgical Intervention in Virilized Females

In general, the purpose of genital surgical treatment is to achieve functional genita-
lia, enable future fertility expectations, and avoid urinary tract infections and incon-
tinence. Its aims in virilized females are to reconstruct the best female genital 
appearance, to enable satisfactory future sexual life, to increase the fertility chance, 
to prevent hematocolpos, and to reduce the risk of recurrent urinary tract infections. 
Clitoroplasty is recommended in the first year of life and vaginoplasty is at puberty 
[38]. However, the operation should not be rushed in mild and moderate clitoro-
megaly in order not to decrease clitoris sensitivity. Adequate medical treatment pre-
vents the progression of virilization and even some regression of clitoromegaly may 
occur. In clitoroplasty, glans and dorsal neural band should be preserved. It is 
important to prevent loss of sensitivity in this region. It is recommended that correc-
tive surgery in the female direction should not be performed until the adolescent 
period, recurrent genital examinations, and vaginal dilatation should be minimized 
until puberty, and operations should be performed in experienced surgical centers 
(>3–4 cases per year) [38]. Surgery can be performed at an early age in the presence 
of vagina in low confluence, but the time of operation is controversial in the pres-
ence of vagina in high confluence. Although the risk of stenosis is high in delayed 
operations, dilatation is disturbing during infancy and childhood. However, there is 
no evidence-based guideline about ideal surgery time, need for additional surgery, 
optimal surgical technique, and surgical side effects.
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In cases that have been raised as males because of late diagnosis, psychological 
sex may have been shaped in male direction, and this is a major problem. However, 
today, the preference of the child and approach of family and the social environment 
are recommended being taken into consideration. Long-term follow-up results of 
these cases are devoid of data.

 The Effects of Contemporary CAH Treatment in Childhood 
on Future Reproductive Life

Studies with adult patients show that fertility is reduced, especially in females with 
classical simple virilizing 21-OHd CAH [39]. However, there are also recent studies 
that report higher infertility rates in women with salt-wasting forms [28]. Excess 
adrenal steroids due to poor hormonal control have been proposed to be the most 
prominent reason. Interfering factors for low rates of fertility may be listed as less 
sexual activity, impaired anatomy due to unsuccessful surgery and drug incompli-
ance. Since it is not clear during which time period the high androgens are respon-
sible for infertility, treatment, and follow-up of these patients from infancy to the 
end of puberty should be supervised closely. Glucocorticoids have been used in 
treatment since 1950s in classical CAH in pediatric groups, and hydrocortisone has 
been used more widely in 1990s instead of potent glucocorticoids. The circadian 
rhythm has been started to be imitated since 2000s. Although there are different 
dosage applications, in large series of randomized controlled studies, superiority of 
any one scheme has not been shown. To date, in pediatric group, treatment has 
always focused on growth. The goal has been to suppress androgens, as otherwise 
the final height will be affected due to rapidly advanced bone age. The later the 
cases are diagnosed, the older their bone ages are.

Treatment occasionally leads to excess glucocorticoid exposure, which is an 
undesirable effect. Cushingoid appearance may develop as a result of overtreat-
ment. It can negatively affect growth and fertility and can also result in hyperten-
sion, and metabolic syndrome. It is quite difficult to achieve the balance between 
over-treatment and under-treatment.

Fertility begins to gain importance with increasing expectations of a high quality 
of life. Since the vast majority of CAH cases have 21-OHd, their outcomes are bet-
ter understood because of their long-term follow-up experiences. Salt-wasting 
patients are often diagnosed at an earlier age and spend longer periods of their child-
hood with hydrocortisone replacement therapy, thus their androgens are generally 
well-suppressed. However, there are many simple virilizing type CAH patients with 
late diagnoses, especially belonging to the old times before neonatal screening pro-
grams. It is not known how gonads in both sexes have been affected by high andro-
gens during the untreated period. Once long-term follow-up results of these cases 
have been shared, the observations have shown that high androgens may be respon-
sible for infertility, especially in girls. Thus, the aim of reducing high androgens has 
become central to patient management. Similarly, high androgen levels may lead to 
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testicular adrenal rest tumors (TARTs) formation in male cases and may be respon-
sible for infertility. If early suppression of androgen levels to target range is impor-
tant for reproductive life and fertility, neonatal screening programs will allow simple 
virilized cases to be diagnosed very early and to have appropriate therapy.

The recommended hydrocortisone doses (10–17 mg/m2/day) in current guide-
lines are the dose recommendations based on growth outcomes [15, 40]. Pediatric 
endocrinologists do concentrate on the impact of glucocorticoid dose on growth, but 
not so much on which level of androgens are harmful, especially with respect to 
ovarian effects. The androgen-fertility relationship mostly becomes an important 
issue in adolescence. Treatment goals should be age-specific, especially in pubertal 
period, and both growth and gonadal functions should be considered. Excessive 
treatment should also be avoided, while androgens are suppressed. All these make 
treatment and follow-up quite difficult. Close monitoring is essential. It is also rec-
ommended to avoid over-suppressing serum 17-OHP levels which are used to eval-
uate treatment adequacy. At this point, instead of 17-OHP, androstenedione levels 
can be guiding [41]. Since adequate suppression in metabolites is sometimes pos-
sible only with high doses of glucocorticoids, it will be beneficial to make dose 
changes during follow-up, considering the patient’s weight, metabolic health, men-
strual pattern, and clinical findings of hyperandrogenism. High follicular phase pro-
gesterone has been shown to cause anovulation and primary amenorrhea by 
changing GnRH pulses despite adequate glucocorticoid therapy in some cases [42]. 
Therefore, it is recommended to keep progesterone <2 nmol/L in adolescent girls 
[28]. There is still no consensus on optimal treatment and follow-up methods of 
these cases. The growth potential losses in early childhood periods can be over-
looked in currently used standard growth curves. They often detect growth delay at 
puberty. One of the future treatment goals should be to develop treatment models 
that concentrate on growth and maturation simultaneously.

Testicular adrenal rest tumors (TARTs) are the most common cause of infertility 
in male patients with CAH. The detection rate in the age range of 2–18 years varies 
between 21% and 28% and the probability increases with age [15]. They are local-
ized in the rete testis. If they are diagnosed early, they can regress with glucocorti-
coid therapy. They seem to be early determinants of infertility. They cannot be 
palpated but can be shown by ultrasonography. They are usually smaller than two 
centimeters. Small rest tissues that cannot be shown may cause narrowing in semi-
niferous tubules, resulting in disruption of function of the seminiferous tubules and 
azoospermia. Inadequate glucocorticoid replacement therapy is the typical feature 
of the cases with TARTs. Apart from this, there are studies reporting that androgen 
excess in under-treated patients without TARTs may also be the cause of infertility. 
It has been reported that high androgens cause hypogonadotropic hypogonadism by 
suppressing the hypothalamic–pituitary–gonadal axis [43]. This results in small tes-
ticles, oligospermia, and subfertility. If the morning testosterone level is low in a 
postpubertal male patient with CAH, this should cause suspicion. The ratio of 
androstenedione/testosterone >2 can be used in pre-diagnosis [15].

Many studies conducted to date report that women with CAH are less sexually 
active and have fewer children [44, 45]. In addition to poor hormonal control, 
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unsuccessful anatomical and functional genital reconstruction (impaired clitoral 
structure, vaginal stenosis) may also be the cause of low fertility in these patients. 
Failure of surgery and vaginoplasty requiring surgical revision has been frequently 
reported in CAH. It is important that the clitoral nerves are not damaged whenever 
the corrective operation is performed whether early or late. Connection of the vagina 
with the perineum should be performed before the onset of menstruation, but not 
later than the beginning of puberty. In patients with mild virilization, surgical recon-
struction should be postponed; on the other hand, early surgical correction should 
be recommended for girls with severe virilization with single aperture urogenital 
sinus. Surgery should be performed in experienced centers. Randomized controlled 
trials for the best age and best surgical method have not been conducted to date [37].

Apart from these, psychosocial factors can cause a decrease in fertility. Studies 
have been reported that girls with CAH exhibit more male-specific behaviors than 
their peers, but generally do not show gender identity confusion [46].

Prenatal androgen levels, age at diagnosis and at introduction of treatment, pres-
ence of psychological supportive procedures are very important points that impact 
on outcomes and are the principal determinants of childhood approach. Although 
pre- and perinatal hyperandrogenism is important, there is no evidence that it is the 
main determinant of sexual identity development.

Gender identity of classical CAH cases in girls with some exceptions is female, 
but the demonstration of any male typical tomboy behavior pattern is high. They 
usually prefer hopping-fighting games in juvenile play patterns, and they like to 
play with cars and weapons. Playmates are usually boys [47]. Data are variable in 
selection of sexual partners during adulthood. Homosexual and bisexual orienta-
tions are higher than normal society [48].

Treatment and follow-up are life-long in patients with classical CAH. With early 
diagnosis and appropriate postnatal therapy, the probability of normal life is gradu-
ally increasing. Pediatric endocrinologists should consider transition of patients to 
adult clinics as soon as they become young adults with a protocol. Otherwise, the 
cases may face with many problems such as adrenal crisis, TARTs in men, high or 
insufficient glucocorticoid doses. Multidisciplinary approach and follow-up should 
definitely be maintained in the adolescent period, as well. The recommended median 
age of transfer to adult clinic is 19 years (between 17 and 27 years) [49].

Evidence-based protocols for follow-up and treatment are required for childhood 
and adolescent CAH. If optimal approaches are not defined in childhood for restora-
tion of fertility, it will not be possible to improve fertility and quality of life in 
adulthood.
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Diagnostic Challenges in Nonclassical 
Congenital Adrenal Hyperplasia

Héctor F. Escobar-Morreale and Manuel Luque-Ramírez

 Introduction

Nonclassical congenital adrenal hyperplasia (NCAH) is a common autosomal 
recessive disorder that is caused by mutations in both alleles of the genes encoding 
21-hydroxylase (CYP21A2), 11-β-hydroxylase (CYP11B1), or 3-β-hydroxysteroid 
dehydrogenase (3βHSD2) enzymes. Vast majority of subjects diagnosed with 
NCAH have mutations in both alleles of CYP21A2 that result in a 30–50% reduc-
tion in the activity of 21-hydroxylase [1, 2]. Genetically confirmed nonclassical 
forms of 11-β-hydroxylase or 3-β-hydroxysteroid dehydrogenase deficiencies are 
extremely rare [1]. Hence, this chapter will focus on the challenges associated with 
the diagnosis of 21-hydroxylase deficient (21-OHd) NCAH.

 Reasons to Diagnose NCAH

The clinical spectrum of NCAH is particularly wide, ranging from asymptomatic 
subjects—so-called cryptic forms frequently identified during family studies of 
affected subjects—to a variety of clinical presentations that may include growth 
acceleration or premature pubarche in children, adolescent and adult androgen 
excess, or even incidentally discovered adrenal lesions such as adrenal hyperplasia or 
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adenomas [1, 2]. Many of these patients do not require any treatment or may benefit 
better from symptomatic treatment with drugs used in other androgen excess disor-
ders such as oral contraceptives or antiandrogens [1]. Because only a minority of 
patients requires treatment with glucocorticoids—i.e., children with advanced bone 
age—it is unclear that, from a clinical perspective, screening for NCAH is truly needed.

The most important reason to diagnose subjects with NCAH derives from the 
pathophysiology of the disorder. As stated above, NCAH only develops in subjects 
carrying mutations in both alleles of CYP21A2 that, overall, reduce but do not sup-
press 21-hydroxylase activity markedly or totally (Table  1). This situation may 
occur in homozygotes for “mild” mutations associated with the NCAH phenotype, 
but most commonly appears in double heterozygotes for CYP21A2 mutations in 
which one of the alleles suppresses 21-hydroxylase activity markedly, namely a 
“severe” allele [1, 3, 4]. In such a case, the NCAH phenotype depends on the resid-
ual enzymatic activity determined by the transcription of the mild allele carrying the 
less severe mutation, but possibility exists that a severe allele may be transmitted to 
the progeny and may cause classical CAH in newborn [5].

According to Wilson and Jungner criteria [6], a screening program is justified 
when “the condition sought should be an important health problem”—a newborn 
with CAH may even die in the immediate neonatal period if unrecognized, a pos-
sibility particularly important in boys in whom virilization of external genitalia does 
not raise the suspicion of CAH as usually happens in girls; “there should be an 
accepted treatment for patients with recognized disease”—gluco- and mineralocor-
ticoid replacement therapy usually save these newborns; “facilities for diagnosis 
and treatment should be available”—diagnosis of NCAH can be done at any clinical 
practice with blood sampling facilities; “there should be a recognizable latent or 
early symptomatic stage”—genotyping of couples may be performed well-before 
conception of the progeny; “there should be a suitable test or examination”—serum 
17-alpha-hydroxyprogesterone (17-OHP) measurements are available in most clini-
cal settings nowadays; “the test should be acceptable to the population”—basal and 
ACTH-stimulated serum 17-OHP measurements and genotyping lack relevant side 
effects; “the natural history of the condition, including development from latent to 
declared disease, should be adequately understood”—the mechanisms and mode of 
the inheritance of 21-hydroxylase deficiency are clearly understood nowadays as to 
provide appropriate genetic counseling to parents; “there should be an agreed policy 
on whom to treat as patients”—evidence-based clinical guidelines for the manage-
ment of NCAH [1] and classic CAH [7] are available; “the cost of case finding 
(including diagnosis) should be economically balanced in relation to possible 
expenditure on medical care as a whole”—even though 17-OHP assays and geno-
typing are not exactly cheap, the cost–benefit balance is favorable enough as to 
justify neonatal screening in many countries; and “case finding should be a continu-
ing process and not a ‘once and for all’ project”—current clinical guidelines recom-
mend screening for NCAH in very prevalent disorders such as the polycystic ovary 
syndrome (PCOS). Hence, in our opinion, detection of carriers of severe CYP21A2 
alleles, with the aim of providing adequate genetic counseling, fully justifies screen-
ing for NCAH even if no immediate consequences for the treatment of the individ-
ual patient may arise from such a diagnosis.
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Table 1 CYP21A2 mutations associated with non-classical congenital adrenal hyperplasia due to 
21-hydroxylase deficiency when present in homozygosis or double heterozygosity

Nucleotide changesa Protein Exon Clinical phenotype Activity in vitrob (%)

g.89C>T p.P30L 1 NCAH/SV 60
g.140A>G p.Y47C 1 NCAH –
g.185A>T p.H62L 1 NCAH 45
g.734A>G p.H119R 3 NCAH 32
g.739A>C p.K121Q 3 NCAH/SV 14
g.749G>A p.R124H 3 NCAH –
g.772C>T p.R132C 3 NCAH 35
g.817T>C p.C147R 3 NCAH/SV –
g.929C>T p.R149C 4 NCAH 36
g.929G>C p.R149P 4 NCAH 23
g.981T>C p.L166P 4 NCAH –
g.987C>A p.T168N 4 NCAH –
g.996T>A p.I171N 4 NCAH –
g.1153T>A p.I194N 5 NCAH 33
g.1343C>T p.R224W 6 NCAH 52
g.1362T>C p.I230T 6 NCAH 63
g.1380A>G p.R233G 6 NCAH 8
g.1588T>C p.V249A 7 NCAH –
g.1683G>T p.V281L 7 NCAH 50
g.1689A>C p.M283L 7 NCAH –
g.1689A>G p.M283V 7 NCAH 16
g.1744C>A p.S301Y 7 NCAH –
g.1752G>A p.V304M 7 NCAH 46
g.1981C>A p.L317M 7 NCAH –
g.1981C>G p.L317V 7 NCAH –
g.2012A>G p.D322G 8 NCAH 18
g.2058G>A p.R339H 8 NCAH 50
g.2063C>T p.R341W 8 NCAH 5
g.2064G>C p.R341P 8 NCAH/SV 0.7
g.2138C>T p.R366C 8 NCAH 37
g.2147C>T p.R369W 8 NCAH/SV 46
g.2286C>G p.N387K 9 NCAH –
g.2296G>A p.A391T 9 NCAH 38
g.2344G>A p.D407N 9 NCAH 73
g.2512G>A p.E431K 10 NCAH –
g.2524C>T p.R435C 10 NCAH –
g.2578C>T p.P453S NCAH 50–68
g.2597C>A p.P459H 10 NCAH –
g.2640G>T p.M473I 10 NCAH 85

(continued)
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 Indications for the Screening of NCAH

As stated above, NCAH may remain asymptomatic to the extent that as many as 
90% of affected subjects may remain undiagnosed according to recent estimations 
[2]. Most patients with “cryptic” NCAH are diagnosed within family studies of 
newborns with CAH identified by neonatal screening programs, further supporting 
that CAH is frequent in the progeny of parents with NCAH [5]. Moreover, retro-
spective analysis of mothers of CAH children diagnosed with “cryptic” undiag-
nosed NCAH in family studies have detected symptoms attributable to androgen 
excess in many of them—including menstrual irregularity, hirsutism, acne, and alo-
pecia [8]—highlighting the importance of diagnosing NCAH before pregnancy and 
delivery even in women with mild hyperandrogenic symptoms. Less frequently, 
asymptomatic NCAH is diagnosed after genotyping of relatives of patients with 
NCAH [1].

The symptoms and signs that should drive the screening for NCAH vary as a 
function of sex and age [1]. In prepubertal girls and boys, premature pubarche, 
accelerated growth, and early onset of adult apocrine odor should prompt for NCAH 
testing, particularly because hydrocortisone administration may be beneficial for 
the control of these symptoms in some of these children [1, 2]. Male patients remain 
mostly asymptomatic throughout adolescence and adulthood—testicular adrenal 
rest tumors are quite uncommon in NCAH patients—except for the occasional diag-
noses being made during the study of adrenal incidentalomas [9]. The latter may 
also apply to female patients [9], even though symptoms and signs of androgen 
excess, including asymptomatic hyperandrogenemia, remain the main indications 
for NCAH screening in adolescent and adult women, even after menopause [1]. A 
recent meta-analysis established a 4.2% (95% confidence interval 3.2–5.4%) preva-
lence of NCAH in series of adolescent and adult women with signs and symptoms 
of androgen excess [1].

Table 1 (continued)

Nucleotide changesa Protein Exon Clinical phenotype Activity in vitrob (%)

g.2657G>T p.R479L 10 NCAH –
g.2665C>T p.P482S 10 NCAH 70
g.2669G>C p.R483P 10 NCAH –
g.2669G>A p.R483Q 10 NCAH 1.1

aNumbering starts from A in the initiation codon
bUsing 17-OHP as substrate
NCAH non-classic congenital adrenal hyperplasia, SV simple virilizing classic congenital adrenal 
hyperplasia
Updated from http://www.cypalleles.ki.se/cyp21.htm (last accessed Nov 1, 2016) and [3]. 
Reproduced from Carmina et al. [1]. Copyright Oxford University Press 2017, with permission
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 Current Challenges with Diagnostic Methods and Assays

 Serum 17-OHP Concentrations

17-OHP being the main substrate for 21-hydroxylase enzyme, its increased circulat-
ing concentrations are the most widely used biochemical marker of 21-hydroxylase 
deficiency. The increase in 17-OHP concentrations in patients with NCAH is, how-
ever, much smaller compared with that observed in patients with classic CAH, 
explaining why most NCAH cases are missed by neonatal screening programs [1]. 
As a consequence, the diagnosis of NCAH is usually made later in life.

The assay used to measure circulating 17-OHP is of paramount importance for 
the diagnosis of NCAH. While high-throughput liquid chromatography–mass spec-
trometry (LC/MS) assays have become a reality in clinical practice during the last 
decade in some countries, 17-OHP concentrations have been measured—and still 
are in most clinical practices worldwide—by immunoassays.

In humans, 17-OHP circulates in nanomolar ranges and these very low concen-
trations, together with the relatively poor immunogenicity of steroid hormones, and 
the marked structural similarities that characterize adrenal and gonadal steroid hor-
mones and precursors, explain the certain limitations in terms of sensitivity and 
cross-reactivity of immunoassays when measuring steroid hormones and precursors 
such as 17-OHP [10]. Nowadays, LC/MS methods, with their superior sensitivity 
and specificity, are considered the gold standard for steroid hormones in clinical and 
research settings, yet the majority of these measurements are still carried out using 
immunoassays for practical issues such as technical ease and cost and availability of 
commercial reagents [10].

Aside from the major challenge of making LC/MS widely available for the mea-
surement of 17-OHP, one of the most important unsolved issues nowadays is the 
urgent need for a reappraisal of circulating 17-OHP cut-off concentrations used for 
the diagnosis of NCAH. Most consensus documents and guidelines [1, 7] establish 
2  ng/ml (6  nmol/l) as the basal cut-off 17-OHP level. When higher levels are 
obtained early in the morning, and during the follicular phase of the menstrual 
cycle, they should prompt suspicion for NCAH. Such a suspicion needs confirma-
tion by performing a standard 250 μg iv cosyntropin test that diagnoses NCAH 
when 17-OHP concentrations are above 10 ng/ml (30 nmol/l) after stimulation [1, 
7, 11] (Fig. 1).

Even though other cut-off values have been proposed over time—in our experi-
ence using a commercial non-extracted radioimmunoassay, basal 17-OHP value 
should be decreased to 1.7 ng/ml (5.1 nmol/l) for 100% sensitivity [4]—the values 
mentioned above have been mostly derived from the data obtained by using high- 
quality radioimmunoassays that applied pre-analytical solvent extraction of samples 
to avoid cross-reactivity with other steroid molecules and have never been con-
firmed either for nonextracted radio-, enzyme linked-, and fluorescent-based immu-
noassays or, particularly, for LC/MS assays.

Diagnostic Challenges in Nonclassical Congenital Adrenal Hyperplasia
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Few available data strongly suggest that LC/MS derived 17-OHP concentrations 
are much lower than those obtained using immunoassays [12] and that, for the diag-
nosis of NCAH, the cut-off value of cosyntropin-stimulated 17-OHP concentrations 
using LC/MS should be decreased to 3 ng/ml (9 nmol/l) [12], a striking reduction if 
compared with 10 ng/ml (30 nmol/l) cut-off value recommended nowadays [1, 7, 11].

 Molecular Genetic Analysis of CYP21A2

Genotyping of CYP21A2 is recommended to confirm NCAH diagnosis and, more 
importantly, to provide adequate genetic counseling to carriers of severe alleles [1]. 
The CYP21A2 locus is quite complicated, and because one allele can carry multiple 
mutations, merely identifying two CYP21A2 mutations in the absence of biochemi-
cal evidence does not permit establishing a diagnosis of NCAH. Also, restricting 
CYP21A2 genotyping to the 10 or 12 most frequent CYP21A2 mutations is no lon-
ger a valid approach, considering the very large number of different mutations asso-
ciated with both CAH and NCAH nowadays [1]. Furthermore, the possibility of 
complex CYP21A2 alleles carrying more than one mutation highlights the need of 
confirming that mutations are on opposite alleles in some cases, an issue that may 
require discriminating the specific maternal and paternal mutations by genotyping 
the parents [1]. Multiple genetic testing strategies such as PCR-based mutation 
detection methods, DNA sequencing, and multiplex ligation-dependent probe 

Algorithm for the diagnosis of NCAH

Patient presenting with clinical hyperandrogenism and/or hyperandrogenemia

Detailed medical history and physical examination

Exclusion of uncommon disorders (such as Cushing syndrome, acromegaly, adrenal and ovarian tumors) by clinical history,
special tests and/or imaging as appropriate

Routine measurement of early morning basal 17-OH Progesterone concentrations in the diagnostic work-up of androgen
excess disorders (premature pubarche, idiopathic hirsutism, idiopathic hyperandrogenism, PCOS...)

<2 ng/ml

NCAH excluded

2–10 ng/ml >10 ng/ml

Cosyntropin stimulation test

<10 ng/ml >10 ng/ml NCAH

NCAH excluded If available genotyping

Fig. 1 Algorithm for the diagnosis of NCAH. Reproduced from Carmina et al. [1]. Copyright 
Oxford University Press 2017, with permission
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amplification may be needed to accurately ascertain the CYP21A2 genotype [1], but 
this approach is not always available in clinical practice. Hopefully, external quality 
assessment schemes such as that recently implemented by the European Molecular 
Genetics Quality Network in Europe [13] will improve the accuracy, interpretation, 
and standardization of the reporting of CYP21A2 genotyping results.

 Adrenal Steroid Profiles

Progressive implementation of LC/MS assays for steroid hormones and precursors 
currently facilitates the study of steroid profiles as accurate markers of adrenal dis-
orders, including 21-hydroxylase deficiency [14, 15]. Panels of circulating steroids 
that, aside from 17-OHP, include among other steroids metabolites such as 
21-deoxycortisol, 16α-hydroxyprogesterone, 11β-hydroxyprogesterone, and 
21-deoxycorticosterone that are markedly altered in patients with 21-hydroxylase 
deficiency, have been proposed to provide better discrimination in the diagnosis 
than classic approaches [15–17]. To this regard, a very recent study indicates that a 
panel comprising 17-alpha-hydroxyprogesterone and 21-deoxycortisol concentra-
tions—which are increased—and corticosterone concentrations—which are 
decreased—using basal unstimulated blood samples, has showed perfect discrimi-
nation between NCAH patients and controls [18]. If confirmed in larger studies, 
clinical implementation of LC/MS-based adrenal steroid profiling may represent an 
outstanding advance in the diagnosis of NCAH.

 Conclusions

Nonclassical CAH due to 21-OHd is a relatively common disorder in children and 
adults. Clinical manifestations are quite variable, ranging from asymptomatic indi-
viduals to hyperandrogenic symptoms in women indistinguishable from those of 
PCOS. Even though the diagnosis of NCAH does not always result into specific 
changes in treatment or management, identification of these subjects is important 
because they frequently carry CYP21A2 alleles that may cause classic CAH in the 
progeny. Nowadays, the diagnosis of CAH relies on the demonstration of a 17-OHP 
concentration above 10 ng/ml (30 nmol/l) either at basal conditions or after cosyn-
tropin stimulation, with genotyping of CYP21A2 serving as confirmation and being 
essential for genetic counseling and fertility planning. Hopefully, recent advances 
in LC/MS-based adrenal steroid profiling will improve and simplify the diagnosis 
of NCAH in the near future.
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NADPH Nicotinamide adenine dinucleotide phosphate
NCAH Late onset or nonclassical CAH
NLCAH Nonclassical lipoid congenital adrenal hyperplasia
PCOS Polycystic ovary syndrome
POR P450 oxidoreductase
StAR Steroidogenic acute regulatory protein
SV Simple virilizing

 Introduction

Congenital adrenal hyperplasia (CAH) is a group of autosomal recessive disorders 
arising from defective steroidogenesis caused by mutations of genes which encode 
enzymes of cortisol biosynthesis: 21-hydroxylase (21-OH), 11-beta-hydroxylase 
(11B-OH), 17-alpha-hydroxylase (17-OH), 3-beta-hydroxysteroid dehydrogenase 
type 2 (3-BHSD2), steroidogenic acute regulatory protein (StAR), P450 oxidore-
ductase (POR), P450 cholesterol side chain cleavage enzyme. Decreased cortisol 
production leads to increased levels of adrenocorticotrophic hormone (ACTH) 
which results in bilateral adrenal hyperplasia. There is an imbalance between gluco-
corticoids, mineralocorticoids and sex hormones because of blockage in pathways 
caused by enzyme deficiencies.

 21-Hydroxylase Deficiency

The 21-OH deficiency (21-OHd) is the most common form accounting more than 
90% of all CAH cases. There is a broad spectrum of clinical pictures ranging from 
salt-wasting (SW) to simple virilizing (SV) form, to milder forms according to the 
severity of mutations on 21-OH gene. The SW and SV forms are classified as clas-
sical CAH, while milder forms are named as late onset or nonclassical CAH (NCAH).

Defective 21-hydroxylation impairs glucocorticoid and mineralocorticoid syn-
thesis resulting in increased androgen synthesis and diverts the glucocorticoid–min-
eralocorticoid pathways to excess androgen synthesis with accumulating precursors 
most notably 17-hydroxyprogesterone (17-OHP). Progesterone and 17-OHP levels 
proximal to 21-OH enzyme are elevated. Decreased level of cortisol leads to con-
tinuous stimulation of ACTH causing bilateral adrenal hyperplasia. There is 
increased androgen production by chronical ACTH stimulation, as there is no block 
in androgen synthesis pathways [1]. The 17-OHP is converted to 5-alpha-pregnane- 3-
alpha- 17alpha-diol-20-one (pdiol) which is then converted to dihydrotestosterone 
(DHT) by 5-alpha-reductase and 3-alpha-reductase activities of AKR1C2/4 in the 
alternative pathway. Increased levels of DHT have been thought to contribute to 
prenatal virilization of female fetuses with classical 21-OHd CAH [2]. Under nor-
mal circumstances, direct conversion of 17-OHP to androstenedione is at very low 
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levels in humans, and this alternative pathway becomes active to metabolize accu-
mulated 17-OHP in 21-OHd. Other steroid hormones, 21-deoxycortisol and 
16-alpha-hydroxyprogesterone, 11-ketotestosterone, 11-ketoandrostenedione, also 
accumulate because of 21-OHd [3, 4].

Affected females with 21-OHd NCAH do not have ambiguous genitalia and usu-
ally present later in life with signs of androgen excess or may remain asymptomatic 
lifelong. Presentation depends on the sex of the affected infant, as well. Nonclassical 
CAH with 21-OHd has a wide spectrum at the onset of clinical presentation. It is 
before the age of 10 years in 11% of the cases and between 10 and 40 years for the 
80%. Girls with classical CAH, either SW or SV, are born generally with ambiguous 
genitalia of varying degrees. Accumulation of androgenic metabolites causes in 
utero virilization. The androgen receptors in genital skin which are activated by 
prenatal exposure of adrenal androgens promote clitoral enlargement, labial fusion, 
urogenital sinus septation. The clinical presentation may vary from minimal clitoro-
megaly, being the most common finding, to male appearance with penile urethra 
and bilateral undescended testes. Fused labia majora and single perineal orifice are 
also common findings among affected girls, accompanied with normal internal gen-
italia [5]. Although uterus can be visualized by ultrasound, the ovaries may not be 
detected because of their small size [6]. Development of external genitalia of 
affected boys is normal, except some subtle findings like hyperpigmentation of the 
scrotum and enlarged fallus. Although female infants are detected with genital 
ambiguity in early hours of life, males are usually detected with symptoms of adre-
nal insufficiency, vomiting, hypotension, hyperkalemia, and hyponatremia in the 
following days [1, 5].

Premature pubarche (the presence of pubic hair, axillary hair, or apocrine odor 
developing before 8 years in girls and 9 years in boys) may be the presenting sign 
both for girls and boys with NCAH or some SV types. Other presenting signs of 
NCAH include cystic acnes, accelerated growth, and advanced bone age. Hirsutism, 
amenorrhea, oligomenorrhea, chronic anovulation, and infertility are the most fre-
quent symptoms for adult female patients with NCAH. There is scarce information 
in current medical literature about males with NCAH; they are usually detected 
through family studies. Adult males do not present with impaired gonadal function, 
they usually have normal sperm counts. Still they may have short stature, oligosper-
mia, and decreased fertility due to adrenal androgen excess [1].

It may be difficult to distinguish women with 21-OHd NCAH and polycystic 
ovary syndrome (PCOS) as they share similar clinical features. Insulin resistance, 
hyperinsulinism, hirsutism, and polycystic ovarian morphology which are charac-
teristics of PCOS are very common in patients with NCAH.  Patients may also 
develop “a secondary PCOS” state [7, 8]. They share similar pathophysiologic 
mechanisms at the hypothalamic–pituitary–ovarian (HPO) axis. Basal 17-OHP and 
ACTH stimulation test, in case, are useful to discriminate between these two disor-
ders. Genetic screening test may be needed in some cases [9].

During childhood, concerns focus on preventing adrenal crises or virilization. In 
adulthood, treatment focuses on metabolic abnormalities, preventing adverse effects 
of treatment and improving fertility.

Mechanisms of Reproductive Dysfunction in Classical and Nonclassical Congenital…
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 Female Patients with 21-Hydroxylase Deficiency:  
Fertility and Pregnancy

There are some contradictory results about fertility rates of patients with classical 
CAH. In early studies, in 1987, Mulaikal and colleagues had reported substantially 
decreased fertility rates in classical CAH in their cohort of 80 female 21-OHd 
patients (38% with SV form and 2.5% with SW). Only half of the patients had been 
heterosexually active. Poor hormonal control with hirsutism had been common 
besides insufficient vaginal introitus in 35% of these patients [10]. Although 
Jääskeläinen and colleagues have reported decreased fertility rates for their cohort 
of 29 patients with classical CAH compared to general population (child rate; 0.34 
vs 0.91; p<0.001), they have emphasized on better rates of fertility compared with 
previous studies [11]. They have reported 13 pregnancies in 9 women and 10 
healthy live births, all females have harbored SV form of the disease. Six women 
have become pregnant after human chorionic gonadotropin (HCG) stimulation, 
seven have conceived spontaneously. Females with well-controlled adrenal andro-
gen secretion and normal serum progesterone levels have had regular menses 
(5/16; 31%), whereas under-replaced women with high progesterone levels have 
experienced irregular menses (11/16; 69%). Neither of them has demonstrated 
PCOS [11]. Common outcomes of the studies about reproduction rates in women 
with classical CAH are their decreased sexual activity and reduced desire to 
conceive.

Fertility in patients with 21-OHd NCAH is also mildly reduced. According to a 
recent study among 190 NCAH women, 187 pregnancies have occurred in 85 
women. Pregnancies have resulted in 141 births in 82 cases. The estimated infertil-
ity incidence has been 11% in patients with NCAH.  Ninety-nine pregnancies 
(52.9%) have occurred before the diagnosis of NCAH; 96 pregnancies spontane-
ously and 3 with ovulation inducers, whereas 88 have occurred after diagnosis (11 
spontaneously and 77 with hydrocortisone treatment). The rate of miscarriages has 
been 6.5% for pregnancies after glucocorticoid treatment versus 26.3% before glu-
cocorticoid treatment [12]. Pregnancy rates have been detected to be between 65% 
and 95% among NCAH patients who seek for medical attention. It is difficult to 
estimate the exact fertility rates because most NCAH women are asymptomatic and 
can spontaneously conceive before NCAH diagnosis, so they do not need treatment 
[12–15].

Several factors are proposed to explain the reproductive dysfunction in women 
with 21-OHd. Excess adrenal steroid production in poorly controlled patients, 
anovulation, negative effects of genital surgery, and reduced heterosexual partner-
ship are the most obvious ones.

Androgen and progesterone—which is also an androgen precursor—overpro-
duction and prenatal exposure to sex steroids are suspected to interfere with the 
reproductive axis of the patients. The most important factor is the adrenal steroid 
excess especially in poorly controlled patients. Menstrual irregularities and anovu-
lation affect a majority of women with classical CAH [16].

I. Anaforoglu



67

Follicular development is directly suppressed by excess adrenal androgens lead-
ing to compromised ovulation. They prevent embryo implantation by causing endo-
metrial molecular alterations [17].

Bioactive androgens and progestins seem to modulate HPO axis function through 
different molecular mechanisms that have not been clearly defined. Gonadotropin 
releasing hormone (GnRH) is secreted in a pulsatile manner by hypothalamic GnRH 
neurons to regulate pituitary luteinizing hormone (LH) and follicle-stimulating hor-
mone (FSH) release. There are multiple neuroendocrine and environmental signals 
regulating the function of GnRH neurons. Progesterone has a critical role in regulat-
ing GnRH pulse frequency. Bachelot and colleagues have reported reduced LH 
pulse frequency and amplitude in poorly controlled anovulatory 21-OHd patients, 
whereas LH pulses have been found to be normal in well-controlled ones. Among 
poorly controlled patients, 17-OHP, testosterone, progesterone, androstenedione 
levels have been higher and FSH levels lower. The authors have suggested that hor-
monal control is a key factor and there is no neonatal programming of disrupted 
gonadotropic axis and women with classical CAH may have normal LH pulsatility 
with optimal glucocorticoid replacement, undertreatment may be responsible for 
hypogonadotropic hypogonadism [18]. However, even with optimal glucocorticoid 
replacement therapy, high progesterone levels have also been detected in follicular 
phase of 21-OHd CAH women with oligomenorrhea and infertility [19]. It may be 
necessary to increase the glucocorticoid doses to higher levels to achieve pregnancy.

Excess androgens may disrupt HPO axis via many other ways. High levels of 
androgen may impair the GnRH/LH pulse generator and women with CAH can 
experience dysregulated HPO axis function resembling PCOS [19, 20]. Increased 
GnRH pulse frequency increases the frequency and amplitude of LH over FSH 
production. Increased LH/FSH leads to high levels of androgen secretion by ovarian 
theca cells and polycystic ovarian morphology as in PCOS in some of the patients. 
Exposure to in utero androgen excess has been proposed to alter the imprinting of 
neuroendocrine mechanisms that control kisspeptin and GnRH neurons [21]. 
Similarities between PCOS and CAH, oligomenorrhea associated with chronic 
anovulation, clinical or biochemical evidence of hyperandrogenism, polycystic 
ovarian morphology, make one think about the possibility of a shared mechanism in 
dysregulation of HPO axis. Demonstration of polycystic changes in ovaries of 
female to male transgender individuals with testosterone treatment is another exam-
ple [22]. Thus, either as a result of treatment or endogenously as happens in CAH, 
elevated androgens may cause polycystic ovarian morphology [23].

Increased adrenal progesterone production affects fertility via impeding ovula-
tion and implantation by altering GnRH pulsatility and interfering with endometrial 
development [24, 25]. Besides changing the GnRH pulse, increased concentrations 
of progesterone also disrupt endometrial thickening and ovulation, resulting in 
unfavorable cervical mucus, embryo implantation, and sperm migration, thereby 
acting as a form of contraception. Continuous high levels of progesterone may 
adversely affect both the quality of oocytes and implantation [26].

Excess androgens are aromatized to estrogens, this may also suppress HPO axis, 
leading to anovulation and irregular menstrual cycles [27]. Androgens also act 
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through the androgen receptors which are expressed in theca cells, granulosa cells, 
and oocytes [28]. They affect follicular growth during different stages of develop-
ment. Normally, androgens promote initial growth of small antral follicles, whereas 
hyperandrogenism may cause follicular arrest and failure in selection of a dominant 
follicle. Androgens also induce stromal hyperplasia and rigidity by stimulating the 
extracellular matrix [26, 28].

Adrenal rest tissue is relatively common in men with CAH; however, ovarian 
adrenal rests have been uncommonly reported among women [29].

Other underlying reasons for reduced fertility in females with CAH may be 
higher rates of homosexuality and unsatisfactory intercourse due to inadequate 
vaginal introitus resulting from unsuccessful genital reconstructive surgery. Girls 
with CAH have more interest in terms of sports, toys, and play behavior in a mas-
culine manner. Most women have clear female sex identification and gender dys-
phoria is rare despite masculinized behavior [30, 31]. Although the exact frequency 
is not clear, up to 25% of women with CAH report homosexual interests or orien-
tation. There is an increased rate of bisexual and homosexual orientation com-
pared with the general population. There is a low frequency of desire to get married 
and perform a traditional child-care role among these women [32]. In utero expo-
sure to high levels of androgens is proposed to affect gender-related behavior. The 
severity of mutation has been found to relate with gender-atypical behavior [33] 
(Table 1).

Women with classical CAH may have additional problems; in utero exposure to 
excess androgen levels affect the development of external genitalia, resulting in 
urogenital sinus, labial fusion, varying degrees of clitoral hypertrophy making sex-
ual intercourse uncomfortable. Additional issues related to sexual activity are length 
of vaginal introitus, lack of lubrication, pain with penetration, lack of clitoral sensi-
tivity and anxieties about sexual performance, and genital appearance [1, 34]. 
Postsurgical complications or difficulties may also contribute to reduced fertility in 

Table 1 Pathophysiological mechanisms of reproductive dysfunction in females with 21OHd CAH

• In utero virilisation due to accumulation of androgenic metabolites:
   −  Clitoral enlargement, labial fusion, urogenital sinus septation
•  Tonic oversecretion of androgens aromatized to estrogens resulting in:
   −  Loss of gonadotropin cyclicity—Augmentation of pituitary sensitivity to LHRH and 

increase LH release-mimicking PCOS—Anovulation or dysovulation
•  Ovarian hyperandrogenism with secondary PCOS
•  Increased adrenal androgen production; suppression of follicular development (a negative 

effect on aromatase activity in granulosa cells?)
• Inhibitory effect of increased adrenal progesterone production:
   −  Alteration of the rhythm and amplitude of GnRH pulses
   −  Interference with ovulation, endometrial development, implantation, poor nidation 

capacity
   −  Diminished sperm-tubal motility and thickening of cervical mucus
• Increased homosexual interests or orientation
• Reduced desire to conceive
•  Decreased sexual activity and unsatisfactory intercourse due to inadequate vaginal introitus 

resulting from unsuccessful genital reconstructive surgery
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women with classical CAH. Surgical procedures include clitoroplasty, vaginoplasty, 
and labiaplasty for opening the vaginal introitus, bringing the urethral meatus closer 
to the perineum, reducing the size of enlarged clitoris, allowing for menstrual flow, 
enabling tampon use and vaginal intercourse, and preventing urinary tract infec-
tions. In the past, clitoroplasty often with vaginoplasty had been performed regu-
larly in early childhood. The second surgical operation had been performed to 
correct vaginal stenosis in adolescents then. Studies have reported urinary inconti-
nence, vaginal stenosis, inadequate vaginal opening, inadequate introitus, and pain-
ful intercourse in up to 50% of these patients, probably contributing to lower sexual 
activity. Loss of sensitivity after clitoroplasty contributing to sexual dissatisfaction 
have been common. For these reasons, surgical procedures for patients with classi-
cal CAH have evolved in time bringing new techniques and surgical approaches 
such as preserving innervation and clitoral sensation. Timing of the surgery is still a 
matter of debate. The performance of current surgical approaches cannot be evalu-
ated in a short time as it will take time to emerge. There are few studies in literature 
with different surgical procedures with low number of patients included, thus con-
flicting results make comparison impossible [35, 36].

 Male Patients with 21-Hydroxylase Deficiency

Fertility issues are not limited to women, men are also affected. Recent studies have 
shown reduced fecundity and fertility rates in men with classical CAH [16, 37]. In 
a study (CaHase Study) consisting of 65 adult men with classical CAH, 37% of 
patients have attempted for fertility and 67% of them have been successful, being 
lower than the general population [16]. The largest series to date from French 
has included 219 men, the rate of having a child has been lower than normal French 
population (51% vs. 79%, respectively) [37]. Unfortunately there are very limited 
data about the fertility of nonclassical patients.

Men face a dual problem in means of fertility. Elevated adrenal steroid produc-
tion especially androgen and progesterone can lead to hypogonadotropic hypogo-
nadism by interfering with FSH and LH secretion. Testicular adrenal rest tumors 
(TARTs) being the main culprit in reduced fertility are common in men with 
CAH. Hypogonadism and TARTs can lead to oligospermia together.

During intrauterine development, adrenal glands are located very close to gonadal 
structures and adrenocortical tissue may even adhere to gonads. Testicular and ovar-
ian descensus along the course of their supplying arteries occur before the separation 
of these two tissues and appearance of adrenal niche. Thus, adrenal tissue may 
descend with the gonads and may form an ectopic adrenal tissue within the gonads. 
This aberrant adrenal gland then may give rise to TARTs in men with CAH. It seems 
unlikely for a male to develop TARTs, if he has no adrenal rest cell within his gonads. 
These tumors are ACTH-dependent. They respond to persistently elevated plasma 
ACTH levels and may regress in response to glucocorticoid therapy [38]. There must 
be factors other than ACTH that contribute to TARTs formation, as these tumors may 

Mechanisms of Reproductive Dysfunction in Classical and Nonclassical Congenital…



70

be detected even in CAH males with normal or suppressed plasma ACTH levels. 
m-RNA expression of adrenal specific enzymes CYP11B1 and CYP11B2, and 
besides ACTH receptors, angiotensin II (AII) receptors have also been shown in 
testicular tumors of CAH patients with quantitative PCR [39]. This indicates that 
TARTs growth in CAH cases may be stimulated not only by ACTH but also by high 
AII levels in SW patients with poor hormonal control. Benvenga and colleagues 
have shown LH receptors on TARTs tissue which may explain the increasing TARTs 
frequency in pubertal period. Besides high ACTH concentrations due to poor hor-
monal control, high pubertal LH levels may also aggravate TARTs [40].

They resemble Leydig cell tumors with features consistent with steroid secreting 
cells on electron microscopy. Although, in many patients, the diagnosis of CAH is 
made before the detection of TARTs, they can be the first manifestation of the dis-
order. Young age at presentation, bilateral tumors, and shrinkage with glucocorti-
coid therapy should make the physician consider about CAH instead of Leydig cell 
tumors. These tumors are always benign and usually bilateral. They are located 
within rete testis, thus can cause mechanical obstruction of the seminiferous tubules. 
Only tumors larger than 2 cm are detectable by palpation because of their location. 
Preservation of gonadal functions is associated with tumor size.

These lesions are classified into five different developmental stages (Fig. 1):

Stage 1 Adrenal rest cells are within the rete testis, but not detectable by scrotal 
ultrasonography (US).

Stage 2 Adrenal rest cells may be visible by scrotal US as small hypoechogenic 
lesions.

Cumulative exposure to ACTH (and AII) and the number of their receptors on 
adrenal rest cells are the main determinants of timing of onset of cell growth.

Stage 3 Compression of rete testis occurs due to the growth of adrenal rest tissue. 
Oligo- or azoospermia may be found in pubertal or postpubertal CAH patients due 
to the obstruction of seminiferous tubules. Fibrous strands can be visible as hyper-
echogenic lesions at US. Low inhibin B and elevated FSH and LH levels may also 
be observed as signs of gonadal dysfunction. This stage of TARTs is still responsive 
to high doses of glucocorticoids.

Stage 4 Progressive obstruction of rete testis takes place due to hypertrophy and 
hyperplasia of adrenal rest cells. Induction of fibrosis and focal lymphocytic infiltra-
tion occur. Small tumors located within the rete testis form lobulated structures 
separated from the residual testicular tissue by fibrous bands. High doses of gluco-
corticoids are usually no longer effective in decreasing tumor size at this stage. The 
ACTH and AII dependency of these tumors are lost in time with dedifferentiation of 
the adrenal rest cells. Peritubular fibrosis indicating early testicular damage can be 
found in the surrounding testicular tissue.

Stage 5 Irreversible damage of testicular parenchyma due to chronic obstruc-
tion occurs.
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Fig. 1 Histological demonstration of different developmental stages of testicular adrenal rest 
tumors (TARTs) (The illustration has been drawn by Eren Arik, graphic designer)
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Glucocorticoids are the treatment of choice in TARTs for preserving gonadal 
functions. Intensifying glucocorticoid therapy may result in ACTH suppression 
leading to reduction in TARTs size and improved testicular function in Stages 2 and 
3 [39, 41].

Case reports of infertile male CAH patients with TARTs treated with high doses 
of glucocorticoids have been published. Although successful pregnancies have been 
reported, failure of this treatment and serious side effects after long-standing ther-
apy has been observed, as well. In addition to glucocorticoid treatment, mineralo-
corticoid supplementation has to be performed in order to suppress AII-induced 
tumor growth [39, 42, 43].

The TARTs are not only anatomical lesions, they can cause functional impairment 
of the testes. Low levels of plasma testosterone and poor semen quality can be found 
in affected males. They may interfere with the function of normal testicular tissue 
directly via mechanical compression or by impairing local steroid production. 
Besides, high levels of adrenal androgens that are aromatized to estrogens peripher-
ally or in the central nervous system, may suppress gonadotropin secretion, resulting 
in hypogonadotropic hypogonadism. However, high FSH levels may also be found, 
indicating a severe primary testicular problem. Semen analysis should be performed, 
as normal serum FSH levels do not indicate normal semen production. Azoospermia 
accompanied by a large testicular tumor located in the mediastinum of testis at US 
most probably points to a mechanical problem. Cases with heterozygous or homozy-
gous for deletion or conversion of the CYP21 gene are at the highest risk for develop-
ing large TARTs, as these mutations are associated with complete loss of enzymatic 
activity. Early detection and treatment of TARTs should be aimed, especially in these 
patients.

Extratesticular obstruction is the common cause of obstructive azoospermia as a 
complication of infections or surgery and is mostly located at the epididymis or vas 
deferens. Sperm cells are localized in the compensatory dilated and enlarged epi-
didymis, and phagocytized spermatozoa are resorbed then. However, TARTs are 
localized near to the mediastinum of testis and cause compression of seminiferous 
tubules, leading to obstructive azoospermia and irreversible damage of the sur-
rounding testicular tissue. Thus, efferent flow in the seminiferous tubules is chroni-
cally obstructed by large TARTs residing in the mediastinum of testis proximal to 
the epididymis without epididymal dilatation. In a study examining the testicular 
biopsies of seven 21-OHd CAH patients with long-lasting bilateral TARTs, 
decreased tubular diameter, varying degrees of peritubular fibrosis and tubular hya-
linization accompanied with severe decrease in the number of germ cells have been 
detected. It has been proposed that large TARTs residing proximal to the epididymis 
may cause chronical obstruction in efferent flow in seminiferous tubules without the 
usual compensatory dilatation of the epididymis. Long-lasting obstruction of semi-
niferous tubules may result in hypospermatogenesis and peritubular fibrosis. 
Additionally, steroid hormones produced by TARTs may be toxic to Leydig cells 
and germ cells. Tubular hyalinization caused by massive deposition of collagen 
fibers inside the seminiferous tubules and complete loss of germ and Sertoli cells 
are the characteristic features of TARTs in end stage. The intertitium of the testes 
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are observed to contain normal or slightly reduced number of Leydig cells which is 
contrary to ischemic hyalinization. Therefore, TARTs may represent a very specific 
cause of obstructive azoospermia [38, 41, 44, 45]. In a surgical study evaluating the 
gonadal functions of CAH males with longstanding TARTs at stage 5, testis-sparing 
surgery has failed to improve gonadal functions. Persistence of gonadal dysfunction 
in these cases has indicated irreversible damage of the surrounding testicular tissue. 
However, the damage caused by the surgery itself cannot be excluded. The authors 
of that study have concluded that the relief of pain and discomfort caused by TARTs 
should be the only indication for surgery. Testicular biopsies are advised to be per-
formed before surgery, in order to evaluate the surrounding testicular parenchyma 
[46]. Normal testicular parenchyma has been detected in testicular biopsy of a male 
with CAH and bilateral TARTs, taken at some distance from the tumor during suc-
cessful treatment of infertility with intracytoplasmic sperm injection. It can be pro-
posed that tumor obstruction-induced testicular damage may start around TARTs 
with progressive involvement of surrounding parenchyma. This observation under-
lines the importance of size and duration of TARTs matter, as well as the location of 
these tumors [45].

Poor hormonal control with increased adrenal androgens and progesterone leads 
to increased levels of estrogen produced by aromatization, resulting in hypogonado-
tropic hypogonadism. Overtreatment with glucocorticoids may also cause an 
increase in body mass index that potentiates the suppression of hypothalamic–pitu-
itary–gonadal (HPG) axis. Obesity is an independent risk factor for reduced fertility 
via abnormalities of semen parameters in otherwise healthy men. Aromatization of 
androgens to estrogens in adipose tissue leads to dysregulation of HPG axis and 
decreased semen quality [34, 47]. Metabolic syndrome among patients with CAH 
has been found to be related to high glucocorticoid doses, as well as with lower 
fertility and fecundity rates [16].

 11-Beta-Hydroxylase Deficiency

11-Beta-hydroxylase deficiency (11B-OHd) is the second most prevalent CAH 
form characterized by mutations in CYP11B1 gene. Due to the enzymatic defect at 
the level of CYP11B1, decreased conversion of 11-deoxycortisol to cortisol and 
11-deoxycorticosterone (DOC) to corticosterone takes place in zona fasciculata. 
This pathway is under the control of ACTH. Accumulation of hormone products 
above the blockage breaks the negative feedback control system, and the resultant 
high ACTH levels divert the precursors into intact pathways. This determines the 
hormonal profile of 11B-OHd which is characterized by elevated androgens as in 
21-OHd, in contrast accompanied with high mineralocorticoid precursors. 
Decreased plasma cortisol with elevated plasma levels of DOC, 11-deoxycortisol, 
and androgens are present [48]. Augmented ACTH-driven corticosterone excess 
which takes over the cortisol’s place as a glucocorticoid prevents adrenal insuffi-
ciency in contrast to 21-OHd.
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Hyperandrogenemia may result in precocious puberty in both sexes. Premature 
adrenarche and hirsutism are common presentations of nonclassical forms of 11B- 
OHd (11B-OHd NCAH) in children. Low renin hypertension is usually absent in 
11B-OHd NCAH at young ages, but hypertension develops with aging, and does not 
correlate with the severity of mutation. Females with classical 11B-OHd CAH 
forms present with ambiguous genitalia, virilization, and low renin hypertension. 
Those with nonclassical forms are born with normal genitalia, and in childhood, 
they may present with signs and symptoms of hyperandrogenism, while during 
adulthood, women may exhibit with acne, hirsutism, menstrual disturbances, and 
infertility [49–51].

Precocious puberty and TARTs can be observed in males [49–52]. Gynecomastia 
has been reported up to 28.6% [52]. The pathophysiology of gynecomastia in 11B- 
OHd is not clear. It has been attributed to the anti-androgenic effects of DOC and 
mineralocorticoids which bind to androgen receptors and aromatization of adrenal 
androstenedione to estrogen [53, 54]. The TARTs are frequently (up to 94%) present 
in adolescent and adult males with 11B-OHd, as in 21-OHd CAH males, and are 
usually accompanied with impaired spermatogenesis and Leydig cell failure [55].

It is difficult to define a clear distinction between classical and nonclassical 11B- 
OHd forms, because the disorder hormonally presents a continuum as in 21-OHd. 
Nonclassical 11B-OHd is also characterized by reduced cortisol synthesis accom-
panied with elevated adrenal androgens. Premature pubarche, acne, hirsutism or 
menstrual irregularity, and polycystic ovaries may be the features of affected girls in 
the absence of genital ambiguity. The phenotype of 11B-OHd NCAH is clinically 
indistinguishable from 21-OHd NCAH; therefore, its real prevalence may be under-
estimated. Recently, two new mutations of 11B-OHd NCAH have been added to 
eight known mutations, in which arterial hypertension does not occur often [56, 57].

There may be no close correlation between phenotype and genotype in classical 
and nonclassical 11B-OHd forms. Significant variations in the severity of hyperten-
sion, degree of virilization, and plasma levels of 11-deoxycorticosterone and 
11-deoxycortisol can be observed even among same mutation carriers. Baş F and 
colleagues have also recently shown no definite correlation between specific muta-
tions and clinical or laboratory findings at diagnosis in their study on 28 cases from 
25 unrelated families with classical 11B-OHd (14 46,XY males, 14 46,XX females) 
[52]. This may cause difficulty at distinguishing 21-OHd from 11B-OHd, when 
hypertension is not present.

Despite varying degrees of virilization of external genitalia, internal genital 
structures are normal for a female in classical 11B-OHd. It is not an exceptional 
occasion to misassign such a female as a male at birth. 46,XX infants with high 
Prader scores can mistakenly be diagnosed as male. There are some case reports in 
which these patients continued to be boys even after the late diagnosis of 11B-OHd, 
and internal genital organs have had to be removed [58–60]. Females with 11B-
OHd are more virilized than those with 21-OHd. However, the extent of masculin-
ization correlates poorly with the accompanying hyperandrogenemia [49].

Lessons learned about reproductive dysfunction in 11B-OHd in both sexes are 
mostly driven from the publications about 21-OHd. Mechanisms of reproductive 
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dysfunction in females with 11B-OHd share many common features with 21-OHd. 
Adrenal overproduction of androgens and progestins resulting in hypogonadotropic 
hypogonadism, ovarian hyperandrogenism causing a PCOS-like picture, ovarian 
adrenal rest tumors (rarely), genital reconstructive surgery, and psychological fac-
tors (disturbed psychosexual development, reduced interest in sexual activity and 
loss of strong maternal feelings) are the contributing factors.

Pregnancies in genetically confirmed 11B-OHd women are rarely reported [61].

 17-Alpha-Hydroxylase and 17,20-Lyase Deficiency

17-Alpha hydroxylase (17-OH) deficiency (17-OHd) represents <1% of all cases of 
CAH and is characterized by low renin aldosterone hypertension, hypokalemia, and 
impaired production of sex hormones. The CYP17A1 enzyme catalyzes both 17-OH 
and 17,20-lyase activities in adrenals and gonads. Hypergonadotropic hypogonad-
ism and absence of pubertal development are detected in both genetic sexes. Male 
pseudohermaphroditism and primary or rarely secondary amenorrhea in 46,XX 
patients are the characteristic features of complete 17-OHd [62].

Complete deficiency of CYP17A1 is characterized by androgen and estrogen 
deficiency with mineralocorticoid excess. Neither androgens nor estrogens are pro-
duced from the gonads in complete 17-OHd. Lack of formation of 17- hydroxysteroid 
substrates for 17,20-lyase reaction and accompanying poor or absent 17,20-lyase 
activity result in impaired androgen production. Estrogens are derived from aroma-
tization of androgens via the aromatase enzyme (CYP19A1). Accordingly, all cases 
with complete17-OHd exhibit sexual infantilism at birth. They cannot develop sec-
ondary sexual characteristics later on. 46,XX cases with 17-OHd have internal 
Mullerian structures with streak gonads. Due to defective androgen production 
resulting in undervirilization, 46,XY karyotypes exhibit a blind vaginal pouch. The 
patients are recognized due to hypokalemia, hypertension, or delayed puberty, and 
the disorder usually remains undiagnosed until adolescence or early adulthood [62].

Mild 17-OHd may present with irregular menses and subfertility in females and 
low-normal testosterone levels with slightly elevated gonadotropins and possibly 
oligospermia in males. Partial 17-OHd cases can produce small amounts of sex 
hormones. In females, hypertension and hypokalemia are generally accompanied 
with amenorrhea and some secondary sexual characteristics. The 17-OHd CAH 
females are usually thought to be anovulatory; however, there are affected females 
who have had spontaneous menarche with cyclic menses [63]. Males exhibit incom-
plete masculinization signs, such as hypospadias with bifid scrotum or micropenis 
[62]. Isolated 17,20-lyase (desmolase) deficiency has first been described in boys 
with disorder of sexual development (DSD) and in some of their sisters. It is char-
acterized by sex steroid deficiency resulting in absent or disturbed pubertal develop-
ment in both genders and 46,XY (DSD), male undermasculinization. Normal 
cortisol levels have been found to accompany with the low basal and cosyntropin- 
stimulated DHEA levels in these boys. Their androstenedione, testosterone, and 
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DHT have remained low after HCG stimulation, as well [64]. Simsek and colleagues 
have reported a 13.5-year-old girl with isolated 17,20-lyase (desmolase) deficiency 
presented with lack of pubertal development, primary amenorrhea, and growth 
retardation. She has exhibited ovarian cysts on ultrasonography. High gonadotro-
pins cause ovarian cysts in these cases, pointing to the fact that estrogens are 
required not only for inducing puberty but also for suppressing ovarian cystic 
changes [65]. Purest form of isolated 17,20-lyase deficiency is characterized by the 
mutations in cytochrome b5 (CYB5A) gene which encodes the allosteric activator 
b5. The latter enhances the 17,20-lyase activity ten-fold selectively by facilitating 
the interaction of CYP17A1 with its electron donor POR. However, 17,20-lyase 
activity of these cases reaches only about 10% of normal, and this is not sufficient 
to prevent 46,XY DSD. There is a selective decrease in DHEA and androstenedione 
biosynthesis, and in all of 17-OH activities of affected cases, cosyntropin- stimulated 
cortisol values are normal [64]. Hypergonadotropic hypogonadism and infertility 
are the characteristic features of CYP17A1 mutations, resulting in decreased enzy-
matic activity. Low levels of gonadal steroids are accompanied with impaired sper-
matogenesis and folliculogenesis. Ovarian pathology demonstrates arrested 
folliculogenesis with primary and secondary oocytes. Pathologic evaluation of tes-
ticular tissue of affected males exhibit arrested spermatogenesis and testicular atro-
phy with interstitial cell hyperplasia [63, 66]. Reproductive capacity of women 
affected by this form of CAH is limited, because of high serum progesterone levels, 
resulting in suppressed cellular proliferation of endometrium. Chronically elevated 
progesterone levels are blamed for irreversible immaturity of the endometrium. 
Moreover, gonadal function of homozygote mutation carriers is well preserved as 
young adults, but decreases with advancing age. Fertility of the affected women is 
proposed to be determined by the residual activity of 17-OH/17,20-lyase enzyme, 
age of the patients when glucocorticoid replacement is introduced for progesterone 
lowering, and types and doses of estrogen replacement for inducing cycles. 
Accordingly, the 17-OH/17,20-lyase enzyme-deficient case of Matsuzaki and col-
leagues, who has been introduced to glucocorticoids at the age of 26  years, has 
exhibited poor endometrial response on both histologic and US examinations fol-
lowing nine courses of continuous estrogen replacement. In spite of low serum lev-
els of E2, success has been achieved in ovarian follicular development, although 
ovulation induction has repeatedly failed [67]. However, Ben-Nun and colleagues 
have succeeded in having a viable pregnancy in a woman with 17-OHd who has 
been first given glucocorticoids at the age of 16 years. Successful in vitro fertiliza-
tion (IVF) has been reported, despite low intrafollicular E2 concentrations [68]. 
There are 17-OHd females in literature reported to have regular menstrual cycles, 
although mostly have ceased early. Miura and colleagues have reported four cases 
who have had regular menses, even one of them has had a prolonged menstrual 
bleeding episode requiring total hysterectomy. Her ovarian biopsy has revealed 
absence of corpora lutea and follicles [69]. Araki and colleagues have reported 
about the menstrual states of 15 cases with 17-OHd, one of whom has experienced 
regular menses [70]. Levran and colleagues, in their study on four infertile females 
with combined partial 17,20-lyase and 17-OHd, diagnosed by clinical and hormonal 

I. Anaforoglu



77

profiles, have reported live birth of triplets after transfer of cryopreserved embryos. 
All cases have been phenotypically normal with sufficient secondary sexual fea-
tures, normotensive, and normokalemic, but have had hypomenorrhea. They have 
presented with primary infertility, anovulation, and persistent cervical dysmucor-
rhea. They have had the story of multiple unsuccessful IVF cycles till the diagnosis 
of partial 17-OHd. Addition of dexamethasone for controlling progesterone produc-
tion to standard IVF protocole has resulted in high fertilization and cleavage rates 
(50% and 65%, respectively). However, serum estrogen levels have remained low 
and progesterone levels have been high throughout the cycles despite aggressive 
therapy. Complete suppression of endogenous sex steroid production using GnRH 
analogs and dexamethasone prior to exogenous estrogen and progesterone adminis-
tration, followed by the standard IVF procedure under gonadal and adrenal suppres-
sion mentioned above, has succeeded in a triplet pregnancy that has ended with 
three live births. This is the only case report of infertile 17-OHd cases resulted in 
successful live birth; however, the genetic mutation of the case has not been 
described in detail. The authors have recommended considering combined partial 
17,20-lyase and 17-OHd in differential diagnosis of infertile women with cervical 
dysmucorrhea accompanied with normal uterine cervix and regular menstruation 
[71]. Hypoplastic uteri are common in 17-OHd females and contribute to uterine 
dysfunction resulting in impaired fertility [70, 72].

 Male Patients with 17-Alpha-Hydroxylase 
and 17,20-Lyase Deficiency

Poor gonadal androgen production contributes to arrested spermatogenesis and 
infertility in males. There is no report of fertility in males with 17-OHd, but Araki 
and colleagues have reported normal testosterone production in three of 22 males 
with 17-OHd [70].

 3-Beta-Hydroxysteroid Dehydrogenase Type 2 Deficiency

There are two types of 3-beta-hydroxysteroid dehydrogenase (3-BHSD) enzymes 
encoded by two similar genes. The 3-BHSD1 is expressed in placenta and multiple 
peripheral tissues, including skin and mammary glands, and 3-BHSD2 is expressed 
in adrenals and gonads. In all reported cases of 3-BHSD deficiency (3-BHSDd), the 
3-BHSD2 enzyme is affected, as 3-BHSD deficiency type 1 would result in sponta-
neous loss of pregnancies in first-trimester because of the disruption of placental 
progesterone biosynthesis. The 3-BHSD2 enzyme is necessary for the synthesis of 
mineralocorticoids, glucocorticoids and androgen precursors in adrenals, and for 
the synthesis of testosterone in gonads. In children, 3-BHSD2 expression is low 
both in ovary and testis. Increasing gonadotropins during puberty cause increased 
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expression of both 3-BHSD2 and 3-BHSD1. Majority of the androgens in both 
genders, about 40% in men, and most of the estrogens in children and in anovula-
tory or postmenopausal women arise from extragonadal steroidogenesis [73, 74].

There is sexual dimorphism in the expression of 3-BHSD2 enzyme in fetal 
gonads; therefore, sexual development and reproductive functions are affected dif-
ferently in males and females. Deficiency of 3-BHD2 constitutes less than 0.5% of 
all CAH patients. Severe deficiency impairs steroidogenesis both in adrenals and 
gonads, resulting in SW in both sexes and incomplete masculinization of the exter-
nal genitalia in males and mild virilization in females [73, 74]. Labia majora and/or 
clitoris enlargement are mild virilization signs, whereas displacement of the ureteral 
orifice, as happens in other CAH types, is a severe sign.

Androgens, testosterone, and DHT production is required for normal develop-
ment of external genitalia of a 46,XY fetus. The critical period of male sexual dif-
ferentiation is between the eight and twelfth weeks of gestation. Androgens are 
required for penile development including the urethra, and fusion of labial-scrotal 
folds during that time. Leydig cells of fetal testes start to express 3-BHSD2 begin-
ning from the eighth week of gestation till the end of the pregnancy. Testosterone 
production from Leydig cells is impaired in 3-BHSD2d and DHT production is 
reduced by classical and backdoor pathways. The lesser production of androgens 
explains the undervirilization of external genitalia in affected 46,XY individuals. 
Depending on severity of the mutation, the spectrum of incomplete masculinization 
may vary from severe hypospadias, micropenis, bifid scrotum, undescended testis to 
complete feminization of external genitalia. In females, the critical period of sexual 
differentiation is also between eight and twelfth weeks of gestation. Due to the 
DHEA accumulation and conversion to androgens by the normal 3-BHSD1, females 
with 3-BHSD2d exhibit normal or mildly virilized external genitalia. Even severe 
androgen exposure can only lead to mild clitoral enlargement in females after that 
period. Estrogen is derived almost exclusively from the placenta during fetal life. 
Ovaries do not contribute to estrogen biosynthesis until puberty and remain quies-
cent throughout fetal life and childhood. 3-BHSD2 expression begins after 28 weeks 
of gestation in fetal ovary. Thus, 3-BHSD2d does not cause severe DSD in 46,XX 
individuals [75].

Similar to 21-OHd, the classical presentation of 3-BHSD2d is with salt-wasting 
and adrenal crisis, high-renin hypotension, and hypoglycemia. Impaired steroid 
synthesis in gonads and adrenal glands, and increased DHEA concentrations, ele-
vated ratios of Δ5-steroids over Δ4-steroids are the main characteristics of the dis-
order. The typical steroid profile of 3-BHSD2d may be misdiagnosed as 21-OHd at 
birth, due to the high levels of 17-OHP. This is due to the conversion of accumulat-
ing Δ5 steroids from adrenals by the intact peripheral or placental 3-BHSD1. 
Mineralocorticoid and glucocorticoid replacement suppresses the hypothalamo–
pituitary–adrenal axis (HPA) during infancy and childhood. However, androgen 
precursors (DHEA and androstenediol) are secreted from the testis at puberty under 
the stimulation of gonadotropins. These products serve as substrates for testosterone 
and estrogen production [76]. In adult males with 3-BHSD2d, high amounts of 
androgen precursors (DHEA and androstenediol) are converted to androstenedione 
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and testosterone in peripheral tissues by 3-BHSD1. Then HSD17B1, HSD17B5, 
and CYP19A1 enzymes catalyze the conversion of those products to estrogens, 
resulting in gynecomastia. Testosterone replacement therapy causes regression of 
gynecomastia via activation of negative feedback suppression of gonadotropins 
[76, 77].

There is a broad spectrum of clinical presentation of 3-BHSD2d depending on 
the severity of the genetic lesion, from severe SW form in neonates to mild men-
strual disorders in elder females. It is unlikely that a genital atypia of mild viriliza-
tion may result in sexual misassignment of a female infant with 3-BHDS2d. 
Premature pubarche, hirsutism, and menstrual irregularities, including oligomenor-
rhea and primary amenorrhea may be the symptoms of non-SW phenotype diag-
nosed at pre- or post-pubertal ages among girls [75]. Most females with 3-BHSD2d 
CAH show progressive feminization at appropriate age with menstruation. In con-
trast, Zachmann and colleagues have reported a girl with severe 3-BHSD2 mutation 
who has had no spontaneous breast development at the age of 14.7 years. She has 
required gonadotropin injections and estrogen treatment to develop full feminiza-
tion after unsuccessful treatment with glucocorticoid replacement. However, her 
menstrual cycles have ceased following the withdrawal of estrogen and progester-
one replacement treatment, then she has developed ovarian cysts [78]. Spontaneous 
pubertal development has been reported in many males with 3-BHSD2d. This is 
attributed to peripheral conversion of DHEAS to testosterone by intact 3-BHSD1 
and HSD17B5 activities [79].

Gonadal dysfunction, azoospermia, arrested spermatogenesis, gynecomastia, 
and infertility have also been reported previously in adults with 3-BHSD2d. There 
are only a few papers about long-term follow-up of 3-BHSD2d, most of them with 
good therapeutic responses, for instance, restoration of menstruation in females 
[75–78]. In their testicular biopsy materials performed on a 15-year-old male with 
3-BHSD2d, Burckhardt and colleagues have reported few germ cells in both testes 
(about 5–10% tubules in a cross-section) and no spermatogenesis. Any immature 
fetal gonocytes or premalignant germ cells have been observed pointing to low 
malignancy risk [76]. There are affected male cases having normal testicular histol-
ogy and spermatogenesis in literature, as well. There is a complex relationship 
between genotype and gonadal phenotype in severe 3-BHSD2d. Thus, it is difficult 
to perform predictions about fertility. Alos and colleagues have reported two severe 
3-BHSD2d cases, one of whom has been a 46,XY boy born with ambiguous genita-
lia. However, he has been reported to undergo normal masculinization at puberty, 
but has still found to be azoospermic in his adult ages. The other case has been a 
46,XX patient who has admitted with acute adrenal failure as an infant. She has 
presented premature adrenarche starting at the age of 4 years, breast development, 
and menarche with regular menses that have occurred at 10.2 years [80]. Guran and 
colleagues, in their study, on a large group of genetically proven 3-BHSD2d with 
classical form, described the genotype–phenotype interaction of the disorder. There 
have been 31 patients with homozygous 3-BHSD2 mutations from 24 families (12 
female and 19 male patients). All of them have been diagnosed before 2 years of 
age, mostly in the newborn period, with adrenal insufficiency with or without 
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ambiguous genitalia. All of the males have exhibited undermasculinization findings 
regardless of homozygous pathogenic changes of 3-BHSD2, even one of them has 
been born with female genitalia. Only one female has exhibited mild cliteromegaly 
as a sign of virilization. The authors have concluded that 3-BHSD2d rarely causes 
ambiguous genitalia in females, even in the presence of severely impaired 3-BHSD2 
activity. In the same study, it has been reported that 11 patients (five girls and six 
boys) have had a history of premature pubarche regardless of severity of the muta-
tion. Two of those five girls then have had central precocious puberty, and one of 
them has exhibited irregular menses and PCOS later on. The TARTs have been 
observed in two brothers. This is probably due to stimulation of adrenal rests by 
elevated ACTH, but the prevalence of TARTs in 3-BHSD2 deficiency is unknown as 
there is limited number of patients reported [77].

Recommendations for the follow-up of cases with 21-OHd are valid for the ones 
with 3-BHSD2d. Many children with premature pubarche, and females with hirsut-
ism and menstrual irregularities who have exhibited exaggerated Δ5-steroid pro-
duction after ACTH stimulation test and elevated 17-OHP to cortisol ratios have 
been proposed to have nonclassical 3-BHSD2d, which is proposed to be mild and 
late-onset. However, genetic studies have failed to detect any mutation in 3-BHSD2 
gene in these patients [81–83]. This has been attributed to the presence of either a 
PCOS-related disorder or an unidentified intraadrenal 3-BHSD over-activity.

 P450 Oxidoreductase Deficiency

P450 oxidoreductase deficiency (PORd) is a recently defined, the most complex and 
rare form of CAH. The enzyme POR is an important electron donor from reduced 
nicotinamide adenine dinucleotide phosphate (NADPH) to all microsomal P450 
cytochrome (CYP) enzymes including CYP51A1 (lanosterol-alpha-14- demethylase) 
and squalene monooxigenase that are involved in cholesterologenesis, 17-OH 
(CYP17A1), 21-hydroxylase (CYP21A2), and P450 aromatase (CYP19A1) which 
are involved in steroidogenesis [84]. P450 aromatase is responsible for the conver-
sion of androgens to estrogens. As POR supports the activities of a wide variety of 
enzymes, PORd has a broad range of clinical phenotypes. It also affects nonendo-
crine systems, such as skeletal development and drug metabolism. Varying degrees 
of DSD in both sexes that are accompanied with skeletal malformations, glucocor-
ticoid deficiency, and maternal virilization during pregnancy can be observed [85]. 
There has been no PORd patient carrying null mutations on both alleles reported, 
indicating that such a genotype is not compatible with life.

The majority of reported patients with PORd have Antley–Bixler syndrome phe-
notype which is characterized by craniosynostosis, radioulnar or radiohumeral syn-
ostosis, bowed femur and some other variable skeletal disorders. Milder POR 
mutations are not accompanied with Antley–Bixler syndrome phenotype, but pres-
ent with hypogonadism and/or infertility [86, 87]. The common Japanese mutation 
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R457H, either as homozygotes or heterozygotes, typically causes the most severe 
skeletal findings and virilization of the mother during pregnancy, suggesting feto-
placental aromatase deficiency. It has been shown to associate with virilization of 
46,XX patients, and most likely normal development of male genitalia [88–91]. 
However, skeletons of cases carrying the common European mutation A287P are 
less affected, and their mothers are less severely virilized during pregnancy, point-
ing to spared fetoplacental aromatase activity. It may be concluded that the R457H 
mutation severely affects aromatase activity, whereas A287P does not. The residual 
enzymatic activities are found to be higher in cases affected by the European muta-
tion. Krone and colleagues, in their study performed on 30 PORd patients, have 
nicely showed that severe malformations are associated with major loss-of-function 
mutations on one of the affected alleles, but mild to moderate malformation pheno-
types are caused by homozygosity or compound heterozygosity for missense muta-
tions [92]. There is a wide clinical spectrum of PORd which may be explained by 
differential inhibition of various POR-dependent enzymes by various mutations. 
Inhibition of CYP17A1 results in decreased androgen production and explains 
undermasculinization of the males with such PORd. However, 46,XX babies are 
born virilized without postnatal progression of virilization. This is due to DHT pro-
duction via the activation of alternative “backdoor pathway” secondary to CYP21A2 
deficiency which is active only during prenatal period. The majority of reported 
46,XX cases have shown different Prader stages below IV and have had female sex 
assignment. The activity of the alternative pathway mentioned above declines, lead-
ing to sex steroid deficiency in both sexes [93].

The POR deficiency can cause ambiguous genitalia in both sexes. 
Undermasculinization of 46,XY males is typical due to low 17,20-lyase activity 
resulting in reduced androgen synthesis. 46,XX females are frequently virilized at 
birth; however, this virilization is not progressive postnatally, as it happens in 
untreated girls with 21-hydroxylase deficiency [94, 95].

Loss of aromatase activity due to inactivating CYP19A1 mutations in fetus 
presents with maternal virilization due to placental aromatase deficiency and vir-
ilization of the female fetus. Maternal virilization is reversible and resolves at the 
postpartum period [96]. There is limited number of reports about pubertal devel-
opment of PORd cases. Idkowiak and colleagues have reported seven cases with 
PORd (five females and two males) who have had absent or incomplete pubertal 
development. All of them have had either normal or low adrenal androgen levels. 
Five of them have exhibited gross skeletal deformities at birth. Significant puber-
tal impairment and ovarian cysts have been the characteristic presentation of the 
females. Four of five girls have had primary amenorrhea with elevated gonadotro-
pins. Ovarian cysts have resolved in two females with the introduction of gluco-
corticoids and GnRH agonists followed by estrogen/progestin therapy. One 
female patient has had ovarian cyst rupture despite the appropriate therapy men-
tioned above. Male cases have had slightly delayed pubertal development with 
testicular volumes appropriate for age. Their testosterone levels have been within 
normal limits in the presence of mildly elevated gonadotrophins, pointing to 
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compensated hypogonadism. This finding may indicate that sex steroid produc-
tion in the testicles is less dependent on fully functional POR than ovaries or 
adrenals during puberty [97]. Fukami and colleagues have reported similar find-
ings [89].

Primary hypogonadism resulting in excessive LH-mediated ovarian stimulation 
is obviously the main underlying pathology of PORd in females. High gonadotro-
pins resulting from estrogen deficiency due to the mutant POR may impair the ste-
roid synthesis and metabolism [91]. Additionally, disrupted meiosis-activating 
sterols in follicular fluid may be a contributing factor for ovarian cyst development. 
These may explain the resistance of these cysts to medical therapy, requiring long- 
acting glucocorticoids in addition to sex steroid replacement for controlling excess 
LH secretion [91]. During puberty, females can present with delayed development 
of sexual characteristics, significant hypergonadotropic hypogonadism and large 
ovarian cysts with a tendency to torsion [97]. In addition to glucocorticoid replace-
ment therapy which is determined in accordance with cortisol response to stress, 
females may require estrogen replacement during puberty. Estrogen patches are rec-
ommended in order to avoid hepatic first-pass metabolism. Since CYP3A4 metabo-
lizes estrogens and glucocorticoids, it is likely that individuals with POR mutations 
may have a reduced hepatic clearance of these hormones, thus may have higher 
circulating hormone levels than expected [98]. The POR-dependent enzyme 
CYP51A1 is highly expressed in human gonads. It has been shown to be upregu-
lated by gonadotropins, pointing to its critical impact on oocyte maturation at 
puberty [99]. Accordingly, its inhibition results in oocyte arrest in vitro [100]. Low 
androgen levels are detected in infants and children with PORd. However, circulat-
ing androgen levels have been found to be normal in pubertal PORd males. This 
finding can be attributed to the upregulation of cytochrome B5 (CYB5) which is 
normally expressed in human adrenal and testicular tissues pre- and postnatally. 
This enzyme acts as an allosteric facilitator of POR and CYP17A1, thus facilitating 
CYP17A1 17,20-lyase activity. Its expression starts in adrenal zona reticularis with 
adrenarche. It can start 17,20-lyase activity significantly in testicular Leydig cells 
and increase androgen production during adrenarche and puberty despite partially 
impaired POR function [91].

Phenotypically mildly affected patients with infertility have also been reported in 
literature. Sahakitrungruang and colleagues have reported an 18-year-old female 
diagnosed to have PORd during the evaluation of primary amenorrhea. She has 
exhibited normal basal gonadotropins, but has had abnormal ACTH-stimulated cor-
tisol, 17-OHP, progesterone, and androstenedione levels. This case has indicated 
that there may be mild forms of PORd that may remain undiagnosed. Atypical geni-
talia may require surgical intervention. However, information about the clinical 
course of the disease in adulthood and the long-term consequences for fertility 
remain unknown. In PORd females, hypergonadotropic hypogonadism causing 
polycystic ovaries in infancy or childhood may be the presenting complaint in adult-
hood. The ovarian cysts are associated with hypoandrogenemia which is in contrast 
to classical PCOS phenotype [91].
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 Lipoid Congenital Adrenal Hyperplasia

Steroidogenic acute regulatory protein (StAR) facilitates cholesterol transfer from 
outer mitochondrial membrane to the inner membrane of adrenal and gonadal ste-
roidogenic cells, where it becomes substrate for cholesterol side chain cleavage 
enzyme P450scc. This is the first step of steroidogenesis. It mediates the rapid 
actions of ACTH and AII on adrenals and of LH on the gonads, thus resulting in 
rapid rises in circulating concentrations of steroids in response to acute physiologi-
cal stimuli [101]. Lipoid congenital adrenal hyperplasia (LCAH) is an autosomal 
recessive disorder caused by biallelic loss-of-function mutations in StAR gene, 
resulting in disrupted conversion of cholesterol to pregnenolone [102].

There are classical and nonclassical types of LCAH. Null StAR mutations cause 
severe impairment in adrenal and gonadal steroidogenesis resulting in classical 
LCAH (CLCAH). The clinical picture is characterized by primary adrenal insuffi-
ciency of early onset within the very first few days of life and female appearing 
external genitalia regardless of genotype [103]. Gonadal failure appears much ear-
lier in males than females. This gender dimorphism is attributed to low StAR activ-
ity of ovaries during fetal and prepubertal period compared to the high activity of 
fetal testes. Ovarian quiescence delays the accumulation of cholesterol in the cyto-
plasm and subsequent ovarian cellular damage. This is a reasonable explanation for 
the inability of 46,XY males with LCAH to develop normal male appearing external 
genitalia and spontaneous puberty. Human chorionic gonadotropin stimulation dur-
ing early pregnancy also facilitates the cholesterol accumulation and cellular dam-
age to the testes [104, 105].

46,XX female cases with LCAH exhibit spontaneous pubertal development and 
menarche. Impaired residual steroidogenic capacity causes follicular atresia due to 
the accumulation of ovarian cholesterol esters following menarche. This inevitably 
results in irregular anovulatory menstruation and premature menopause. 
Histopathological examination of the ovaries of postpubertal LCAH girls demon-
strates infiltration of macrophages in stroma and lipoid deposits both in theca cells 
and macrophages [106].

Peripubertal 46,XX cases with LCAH have been shown to have high gonadotro-
pin levels, predominantly LH, with the formation of large ovarian cysts, causing 
ovarian torsion, even rupture in classical cases. Shima and colleagues have described 
three Japanese 46,XX patients with StAR mutations who subsequently have devel-
oped anovulatory cycles and bilateral ovarian cysts. Increased sensitivity of anterior 
pituitary to secrete more LH in response to low circulating estrogen levels in LCAH 
cases has been proposed. This results in high LH/FSH ratios. The relatively normal 
FSH levels of the cases are explained by inhibin-induced suppression of FSH pro-
duced by the existing follicles in ovaries that are not yet affected by StAR defi-
ciency. This is valid until there is significant ovarian cellular damage [106]. There is 
growing evidence that ovarian cystic formation in females with LCAH is because of 
chronic anovulation. Women with polycystic ovaries demonstrate polycystic ova-
ries, high LH:FSH ratio. But they differ from LCAH females with their elevated 
androgen levels [106, 107].
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Nonclassical LCAH (NCLAH) cases usually present with primary adrenal insuf-
ficiency, and later in infancy or childhood, mineralocorticoid deficiency may or may 
not accompany. This is due to their partially spared residual StAR activity which 
enables some steroidogenic capacity. Males may have normal or underdeveloped 
external genitalia due to some testosterone-producing capacity. Accordingly, Baker 
and colleagues have reported three NLCAH cases; all have had primary adrenal 
insufficiency on admission. The two 46,XY males have exhibited normal appearing 
male external genitalia with descended testes [105]. There are 46,XX patients with 
LCAH who feminize spontaneously in adolescence. This finding may be attributed to 
the pubertal arousal of ovaries that are silent since fetal life by trophic stimulation 
[108, 109]. Classical LCAH 46,XX cases inevitably have difficulties in achieving and 
maintaining pregnancy. They cannot ovulate as they cannot produce enough estrogen 
to induce LH surge. They cannot maintain pregnancy even though they can succeed 
in conceiving, because of their inability to produce sufficient progesterone. Corpus 
luteum produces mainly progesterone until the seventh or eighth weeks of gestation, 
then placenta takes the progesterone-producing task. Progesterone- producing capac-
ity of the corpus luteum in early stages of pregnancy is not sufficient for the mainte-
nance of pregnancy in classical LCAH females. There is limited number of 
pregnancies in CLCAH in current literature that conception has been achieved with 
clomiphene therapy or in vitro fertilization and maintained with progesterone replace-
ment therapy during the early stage of the pregnancies [110–113]. There is scarce 
information about the ovarian functions and pregnancy outcomes of NLCAH cases. 
However, considering about the residual hormonal activity, the clinical picture is sup-
posed to be lighter. Accordingly, Hatabu and colleagues have reported four Japanese 
women with NLCAH that have presented with overt primary adrenal insufficiency in 
early childhood. All of them have had spontaneous menarche and have had enough 
estrogen-producing capacity to provoke LH surge and probably to induce ovulation. 
Two of them have had successful pregnancies (one spontaneously and the other with 
clomiphene induction) and delivery without early progesterone replacement therapy. 
Despite the accompanying primary adrenal insufficiency that has started in early 
childhood, all four of them have exhibited normal estrogen and progesterone produc-
tion at young adulthood. It has not been still clarified why primary adrenal insuffi-
ciency starts long before ovarian failure in NLCAH.  It may be attributed to the 
varying degrees of contribution of StAR- dependent steroidogenic pathways to total 
steroidogenic capacity. Time-dependent accumulation of cholesterol esters in ovaries 
resulting in ovarian failure may be another reasonable explanation [114].

 Conclusion

Congenital adrenal hyperplasia is still among one of the most challenging endocrine 
disorders due to its rarity and heterogenous clinical spectrum. Restoration of normal 
linear growth and puberty are the treatment goals in children, whereas management 
of regular menses, prevention of hyperandrogenic signs, and preservation of fertility 
are aimed for adolescents and adult cases.

I. Anaforoglu



85

References

 1. Speiser PW, Azziz R, Baskin LS, Ghizzoni L, Hensle TW, Merke DP, et al. Congenital adrenal 
hyperplasia due to steroid 21-hydroxylase deficiency: an Endocrine Society clinical practice 
guideline. J Clin Endocrinol Metab. 2010;95:4133–60. https://doi.org/10.1210/jc.2009- 2631.

 2. Kamrath C, Hartmann MF, Wudy SA. Androgen synthesis in patients with congenital adrenal 
hyperplasia due to 21-hydroxylase deficiency. Horm Metab Res. 2013;45:86–91. https://doi.
org/10.1055/s- 0032- 1331751.

 3. Wilson JD, Auchus RJ, Leihy MW, Guryev OL, Estabrook RW, Osborn SM, et al. 5alpha- 
androstane- 3alpha,17beta-diol is formed in tammar wallaby pouch young testes by a pathway 
involving 5alpha-pregnane-3alpha,17alpha-diol-20-one as a key intermediate. Endocrinology. 
2003;144:575–80. https://doi.org/10.1210/en.2002- 220721.

 4. Eberlein WR, Bongiovanni AM. Partial characterization of urinary adrenocortical steroids in 
adrenal hyperplasia. J Clin Invest. 1955;34:1337–43. https://doi.org/10.1172/JCI103181.

 5. Witchel SG.  Congenital adrenal hyperplasia. J Pediatr Adolesc Gynecol. 2017;30:520–34. 
https://doi.org/10.1016/j.jpag.2017.04.001.

 6. Lindert J, Hiort O, Tushaus L, Tafazzoli-Lari K, Wünsch L. Perineal ultrasound offers useful 
information in girls with congenital adrenal hyperplasia. J Pediatr Urol. 2016;12:427. https://
doi.org/10.1016/j.jpurol.2016.08.010.

 7. Pall M, Azziz R, Beires J, Pignatelli D. The phenotype of hirsute women: a comparison of 
polycystic ovary syndrome and 21-hydroxylase-deficient nonclassic adrenal hyperplasia. Fer-
til Steril. 2010;94:684–9. https://doi.org/10.1016/j.fertnstert.2009.06.025.

 8. Papadakis G, Kandaraki EA, Tseniklidi E, Papalou O, Diamanti-Kandarakis E.  Polycystic 
ovary syndrome and NC-CAH: distinct characteristics and common findings. A Systematic 
Review. Front Endocrinol. 2019;10:388. https://doi.org/10.3389/fendo.2019.00388.

 9. Lobo RA, Goebelsmann U.  Adult manifestation of congenital adrenal hyperplasia due to 
incomplete 21-hydroxylase deficiency mimicking polycystic ovarian disease. Am J Obstet 
Gynecol. 1980;138:720–6. https://doi.org/10.1016/0002- 9378(80)90095- 2.

 10. Mulaikal RM, Migeon CJ, Rock JA. Fertility rates in female patients with congenital adrenal 
hyperplasia due to 21-hydroxylase deficiency. N Engl J Med. 1987;316:178–82. https://doi.
org/10.1056/NEJM198701223160402.

 11. Jääskeläinen J, Hippelääinen M, Kiekara O, Voutilainen R. Child rate, pregnancy outcome and 
ovarian function in females with classical 21-hydroxylase deficiency. Acta Obstet Gynecol 
Scand. 2000;79:687–92. https://doi.org/10.1034/j.1600- 0412.2000.079008687.x.

 12. Bidet M, Bellanné-Chantelot C, Galand-Portier MB, Golmard JL, Tardy V, Morel Y, et  al. 
Fertility in women with nonclassical congenital adrenal hyperplasia due to 21-hydroxylase 
deficiency. J Clin Endocrinol Metab. 2010;95:1182–90. https://doi.org/10.1210/jc.2009- 1383.

 13. Birnbaum MD, Rose LI. Late onset adrenocortical hydroxylase deficiencies associated with 
menstrual dysfunction. Obset Gynecol. 1984;63:445–51.

 14. Feldman S, Billaud L, Thalabard JC, Raux-Demay MC, Mowszowicz I, Kuttenn F, et al. Fer-
tility in women with late-onset adrenal hyperplasia due to 21-hydroxylase deficiency. J Clin 
Endocrinol Metab. 1992;74:635–9. https://doi.org/10.1210/jcem.74.3.1310999.

 15. Moran C, Azziz R, Weintrob N, Rohmer V, Dewailly D, Marcondes JAM, et al. Reproduc-
tive outcome of women with 21-hydroxylase-deficient nonclassic adrenal hyperplasia. J Clin 
Endocrinol Metab. 2006;91:3451–6. https://doi.org/10.1210/jc.2006- 0062.

 16. Arlt W, Willis DS, Wild SH, Krone N, Doherty EJ, Hahner S, et al. Health status of adults 
with congenital adrenal hyperplasia: a cohort study of 203 patients. J Clin Endocrinol Metab. 
2010;95:5110–21. https://doi.org/10.1210/jc.2010- 0917.

 17. Walters KA, Handelsman DJ.  Role of androgens in the ovary. Mol Cell Endocrinol. 
2018;465:36–47. https://doi.org/10.1016/j.mce.2017.06.026.

 18. Bachelot A, Chakhtoura Z, Plu-Bureau G, Coudert M, Coussieu C, Badachi Y, et al. Influence 
of hormonal control on LH pulsatility and secretion in women with classical congenital adre-
nal hyperplasia. Eur J Endocrinol. 2012;167:499–505. https://doi.org/10.1530/EJE- 12- 0454.

Mechanisms of Reproductive Dysfunction in Classical and Nonclassical Congenital…

https://doi.org/10.1210/jc.2009-2631
https://doi.org/10.1055/s-0032-1331751
https://doi.org/10.1055/s-0032-1331751
https://doi.org/10.1210/en.2002-220721
https://doi.org/10.1172/JCI103181
https://doi.org/10.1016/j.jpag.2017.04.001
https://doi.org/10.1016/j.jpurol.2016.08.010
https://doi.org/10.1016/j.jpurol.2016.08.010
https://doi.org/10.1016/j.fertnstert.2009.06.025
https://doi.org/10.3389/fendo.2019.00388.
https://doi.org/10.1016/0002-9378(80)90095-2
https://doi.org/10.1056/NEJM198701223160402
https://doi.org/10.1056/NEJM198701223160402
https://doi.org/10.1034/j.1600-0412.2000.079008687.x
https://doi.org/10.1210/jc.2009-1383
https://doi.org/10.1210/jcem.74.3.1310999
https://doi.org/10.1210/jc.2006-0062
https://doi.org/10.1210/jc.2010-0917
https://doi.org/10.1016/j.mce.2017.06.026
https://doi.org/10.1530/EJE-12-0454


86

 19. Holmes-Walker DJ, Conway GS, Honour JW, Rumsby G, Jacobs HS. Menstrual disturbance 
and hypersecretion of progesterone in women with congenital adrenal hyperplasia due to 
21-hydroxylase deficiency. Clin Endocrinol. 1995;43:291–6. https://doi.org/10.1111/j.1365-
 2265.1995.tb02034.x.

 20. Ghizzoni L, Virdis R, Vottero A, Cappa M, Street ME, Zampolli M, et al. Pituitary-ovarian 
responses to leuprolide acetate testing in patients with congenital adrenal hyperplasia due to 
21-hydroxylase deficiency. J Clin Endocrinol Metab. 1996;81:601–6. https://doi.org/10.1210/
jcem.81.2.8636275.

 21. Barnes RB, Rosenfield RL, Ehrmann DA, Cara JF, Cuttler L, Levitsky LL, et  al. Ovarian 
hyperandrogenism as a result of congenital adrenal virilizing disorders: evidence for peri-
natal masculinization of neuroendocrine function in women. J Clin Endocrinol Metab. 
1994;79:1328–33. https://doi.org/10.1210/jcem.79.5.7962325.

 22. Pache TD, Chadha S, Gooren LJ, Hop WC, Jaarsma KW, Dommerholt HB, et  al. Ovarian 
morphology in long-term androgen-treated female to male transsexuals. A human model 
for the study of polycystic ovarian syndrome? Histopathology. 1991;19:445–52. https://doi.
org/10.1111/j.1365- 2559.1991.tb00235.x.

 23. Lucis OJ, Hobkirk R, Hollenberg CH, Macdonald SA, Blahey P. Polycystic ovaries associated 
with congenital adrenal hyperplasia. Can Med Assoc J. 1966;94:1–7.

 24. Soules MR, Steiner RA, Clifton DK, Cohen NL, Aksel S, Bremner WJ. Progesterone modula-
tion of pulsatile luteinizing hormone secretion in normal women. J Clin Endocrinol Metab. 
1984;58:378–83. https://doi.org/10.1210/jcem- 58- 2- 378.

 25. Labarta E, Martinez-Conejero JA, Alama P, Horcajadas JA, Pellicer A, Simón C, et al. Endo-
metrial receptivity is affected in women with high circulating progesterone levels at the end of 
the follicular phase: a functional genomics analysis. Hum Reprod. 2011;26:1813–25. https://
doi.org/10.1093/humrep/der126.

 26. Walters KA. Role of androgens in normal and pathological ovarian function. Reproduction. 
2015;149:R193–218. https://doi.org/10.1530/REP- 14- 0517.

 27. Knobil E.  Discovery of the hypothalamic gonadotropin-releasing hormone pulse genera-
tor and of its physiologic significance. Am J Obstet Gynecol. 2005;193:1765–6. https://doi.
org/10.1016/j.ajog.2005.06.025.

 28. Sen A, Hammes SR. Granulosa cell-specific androgen receptors are critical regulators of ovar-
ian development and function. Mol Endocrinol. 2010;24:1393–403. https://doi.org/10.1210/
me.2010- 0006.

 29. Chen HD, Huang LE, Zhong ZH, Su Z, Jiang H, Zeng J. Ovarian adrenal rest tumors undetected 
by imaging studies and identified at surgery in three females with congenital adrenal hyper-
plasia unresponsive to increased hormone therapy dosage. Endocr Pathol. 2017;28:146–51. 
https://doi.org/10.1007/s12022- 016- 9461- 4.

 30. Pasterski V, Zucker KJ, Hindmarsh PC, Hughes IA, Acerini C, Spencer D, et al. Increased 
cross-gender identification independent of gender role behavior in girls with congenital adre-
nal hyperplasia: results from a standardized assessment of 4- to 11-year-old children. Arch Sex 
Behav. 2015;44:1363–75. https://doi.org/10.1007/s10508- 014- 0385- 0.

 31. Frisen L, Nordenstrom A, Falhammar H, Filipsson H, Holmdahl G, Janson PO, et al. Gender 
role behavior, sexuality, and psychosocial adaptation in women with congenital adrenal hyper-
plasia due to CYP21A2 deficiency. J Clin Endocrinol Metab. 2009;94:3432–9. https://doi.
org/10.1210/jc.2009- 0636.

 32. Gastaud F, Bouvattier C, Duranteau L, Brauner L, Thibaud E, Kutten F, et al. Impaired sexual 
and reproductive outcomes in women with classical forms of congenital adrenal hyperplasia. J 
Clin Endocrinol Metab. 2007;92:1391–6. https://doi.org/10.1210/jc.2006- 1757.

 33. 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. https://doi.org/10.1007/s40618- 016- 0482- 0.

 34. Bachelot A, Grouthier V, Courtillot C, Dulon J, Touraine P. Congenital adrenal hyperplasia due 
to 21-hydroxylase deficiency: update on the management of adult patients and prenatal treat-
ment. Eur J Endocrinol. 2017;176:R167–81. https://doi.org/10.1530/EJE- 16- 0888.

I. Anaforoglu

https://doi.org/10.1111/j.1365-2265.1995.tb02034.x
https://doi.org/10.1111/j.1365-2265.1995.tb02034.x
https://doi.org/10.1210/jcem.81.2.8636275
https://doi.org/10.1210/jcem.81.2.8636275
https://doi.org/10.1210/jcem.79.5.7962325
https://doi.org/10.1111/j.1365-2559.1991.tb00235.x
https://doi.org/10.1111/j.1365-2559.1991.tb00235.x
https://doi.org/10.1210/jcem-58-2-378
https://doi.org/10.1093/humrep/der126
https://doi.org/10.1093/humrep/der126
https://doi.org/10.1530/REP-14-0517
https://doi.org/10.1016/j.ajog.2005.06.025
https://doi.org/10.1016/j.ajog.2005.06.025
https://doi.org/10.1210/me.2010-0006
https://doi.org/10.1210/me.2010-0006
https://doi.org/10.1007/s12022-016-9461-4
https://doi.org/10.1007/s10508-014-0385-0
https://doi.org/10.1210/jc.2009-0636
https://doi.org/10.1210/jc.2009-0636
https://doi.org/10.1210/jc.2006-1757
https://doi.org/10.1007/s40618-016-0482-0
https://doi.org/10.1530/EJE-16-0888


87

 35. Mouriquand PD, Gorduza DB, Gay CL, Meyer-Bahlburg HFL, Baker L, Baskin LS, et  al. 
Surgery in disorders of sex development (DSD) with a gender issue: if (why), when, and how? 
J Pediatr Urol. 2016;12:139–49. https://doi.org/10.1016/j.jpurol.2016.04.001.

 36. Wang LC, Poppas DP. Surgical outcomes and complications of reconstructive surgery in the 
female congenital adrenal hyperplasia patient: what every endocrinologist should know. J Ste-
roid Biochem Mol Biol. 2017;165:137–44. https://doi.org/10.1016/j.jsbmb.2016.03.021.

 37. Bouvattier C, Esterle L, Renoult-Pierre P, de la Perriere AB, Illouz F, Kerlan V, et al. Clinical 
outcome, hormonal status, gonadotrope axis, and testicular function in 219 adult men born 
with classic 21-hydroxylase deficiency. A french national survey. J Clin Endocrinol Metab. 
2015;100:2303–13. https://doi.org/10.1210/jc.2014- 4124.

 38. Aycan Z, Bas VN, Cetinkaya S, Yilmaz Agladioglu S, Tiryaki T. Prevalence and long-term 
follow-up outcomes of testicular adrenal rest tumours in children and adolescent males with 
congenital adrenal hyperplasia. Clin Endocrinol. 2013;78:667–72. https://doi.org/10.1111/
cen.12033.

 39. Claahsen-van der Grinten HL, Otten BJ, Sweep FCGJ, Span PN, Ross HA, Meuleman EJH, 
et al. Testicular tumors in patients with congenital adrenal hyperplasia due to 21- hydroxylase 
deficiency show functional features of adrenocortical tissue. J Clin Endocrinol Metab. 
2007;92:3674–80. https://doi.org/10.1210/jc.2007- 0337.

 40. Benvenga S, Smedile G, Lo Giudice FL, Trimarchi F. Testicular adrenal rests: evidence for 
luteinizing hormone receptors and for distinct types of testicular nodules differing for their 
autonomization. Eur J Endocrinol. 1999;141:231–7. https://doi.org/10.1530/eje.0.1410231.

 41. Claahsen-van der Grinten HL, Hermus AR, Otten BJ.  Testicular adrenal rest tumours in 
congenital adrenal hyperplasia. Int J Pediatr Endocrinol. 2009;2009:624823. https://doi.
org/10.1155/2009/624823.

 42. Claahsen-van der Grinten HL, Otten BJ, Sweep FCGJ, Hermus ARMM. Repeated successful 
induction of fertility after replacing hydrocortisone with dexamethasone in a patient with con-
genital adrenal hyperplasia and testicular adrenal rest tumors. Fertil Steril. 2007;88:705.e5–8. 
https://doi.org/10.1016/j.fertnstert.2006.11.148.

 43. Stikkelbroeck NM, Hermus AR, Suliman HM, Jager GJ, Otten BJ. Asymptomatic testicular 
adrenal rest tumours in adolescent and adult males with congenital adrenal hyperplasia: basal 
and follow-up investigation after 2.6 years. J Pediatric Endocrinol Metab. 2004;17:645–53. 
https://doi.org/10.1515/jpem.2004.17.4.645.

 44. Claahsen-van der Grinten HL, Otten BJ, Hermus MM, Sweep FC, Hulsbergen-van de Kaa 
CA. Testicular adrenal rest tumors in patients with congenital adrenal hyperplasia can cause 
severe testicular damage. Fertil Steril. 2008;89:597–601. https://doi.org/10.1016/j.fertn-
stert.2007.03.051.

 45. Murphy H, George C, de Kretser D, Judd S. Successful treatment with ICSI of infertility caused 
by azoospermia associated with adrenal rests in the testes. Hum Reprod. 2001;16:263–7. 
https://doi.org/10.1093/humrep/16.2.263.

 46. Claahsen-van der Grinten HL, Otten BJ, Takahashi S, Meuleman EJH, Hulsbergen-van de Kaa 
C, Sweep FCGJ, et al. Testicular adrenal rest tumors in adult males with congenital adrenal 
hyperplasia: evaluation of pituitary-gonadal function before and after successful testis-sparing 
surgery in eight patients. J Clin Endocrinol Metab. 2007;92:612–5. https://doi.org/10.1210/
jc.2006- 1311.

 47. Du Plessis SS, Cabler S, McAlister DA, Sabanegh E, Agarwal A. The effect of obesity on 
sperm disorders and male infertility. Nat Rev Urol. 2010;7:153–61. https://doi.org/10.1038/
nrurol.2010.6.

 48. Nimkarn S, New MI. Steroid 11beta-hydroxylase deficiency congenital adrenal hyperplasia. 
Trends Endocrinol Metab. 2008;19:96–9. https://doi.org/10.1016/j.tem.2008.01.002.

 49. Khattab A, Haider S, Kumar A, Dhawan S, Alam D, Romero R, et al. Clinical, genetic, and 
structural basis of congenital adrenal hyperplasia due to 11β-hydroxylase deficiency. Proc Natl 
Acad Sci U S A. 2017;114:E1933–40. https://doi.org/10.1073/pnas.1621082114.

 50. Escobar-Morreale HF, Sanchon R, San Millan JL. A prospective study of the prevalence of 
nonclassical congenital adrenal hyperplasia among women presenting with hyperandrogenic 

Mechanisms of Reproductive Dysfunction in Classical and Nonclassical Congenital…

https://doi.org/10.1016/j.jpurol.2016.04.001
https://doi.org/10.1016/j.jsbmb.2016.03.021
https://doi.org/10.1210/jc.2014-4124
https://doi.org/10.1111/cen.12033
https://doi.org/10.1111/cen.12033
https://doi.org/10.1210/jc.2007-0337
https://doi.org/10.1530/eje.0.1410231
https://doi.org/10.1155/2009/624823
https://doi.org/10.1155/2009/624823
https://doi.org/10.1016/j.fertnstert.2006.11.148
https://doi.org/10.1515/jpem.2004.17.4.645
https://doi.org/10.1016/j.fertnstert.2007.03.051
https://doi.org/10.1016/j.fertnstert.2007.03.051
https://doi.org/10.1093/humrep/16.2.263
https://doi.org/10.1210/jc.2006-1311
https://doi.org/10.1210/jc.2006-1311
https://doi.org/10.1038/nrurol.2010.6
https://doi.org/10.1038/nrurol.2010.6
https://doi.org/10.1016/j.tem.2008.01.002
https://doi.org/10.1073/pnas.1621082114


88

symptoms and signs. J Clin Endocrinol Metab. 2008;93:527–33. https://doi.org/10.1210/
jc.2007- 2053.

 51. Zachmann M, Tassinari D, Prader A. Clinical and biochemical variability of congenital adrenal 
hyperplasia due to 11 beta-hydroxylase deficiency. A study of 25 patients. J Clin Endocrinol 
Metab. 1983;56:222–9. https://doi.org/10.1210/jcem- 56- 2- 222.

 52. Baş F, Toksoy G, Ergun-Longmire B, Uyguner ZO, Abalı ZY, Poyrazoğlu Ş, et  al. Preva-
lence, clinical characteristics and long-term outcomes of classical 11 β-hydroxylase deficiency 
(11BOHD) in Turkish population and novel mutations in CYP11B1 gene. J Steroid Biochem 
Mol Biol. 2018;181:88–97. https://doi.org/10.1016/j.jsbmb.2018.04.001.

 53. Hochberg Z, Even L, Zadik Z. Mineralocorticoids in the mechanism of gynecomastia in adre-
nal hyperplasia caused by 11 beta-hydroxylase deficiency. J Pediatr. 1991;118:258–60. https://
doi.org/10.1016/s0022- 3476(05)80497- 4.

 54. Blackett PR, Freeman DA.  Androstenedione aromatization as a cause of gynecomastia in 
11β-hydroxylase and 21-hydroxylase deficiencies. Endocr Pract. 1996;2:90–3. https://doi.
org/10.4158/EP.2.2.90.

 55. Stikkelbroeck NM, Otten BJ, Pasic A, Jager GJ, Sweep CG, Noordam K, et al. High preva-
lence of testicular adrenal rest tumors, impaired spermatogenesis, and Leydig cell failure in 
adolescent and adult males with congenital adrenal hyperplasia. J Clin Endocrinol Metab. 
2001;86:5721–8. https://doi.org/10.1210/jcem.86.12.8090.

 56. Menabo S, Polat S, Baldazzi L, Kulle AE, Holterhus PM, Grötzinger J, et al. Congenital adrenal 
hyperplasia due to 11-beta-hydroxylase deficiency: functional consequences of four CYP11B1 
mutations. Eur J Hum Genet. 2014;22:610–6. https://doi.org/10.1038/ejhg.2013.197.

 57. Reisch N, Högler W, Parajes S, Rose IT, Dhir V, Götzinger J, et al. A diagnosis not to be missed: 
nonclassic steroid 11β-hydroxylase deficiency presenting with premature adrenarche and hir-
sutism. J Clin Endocrinol Metab. 2013;98:E1620–5. https://doi.org/10.1210/jc.2013- 1306.

 58. Al-Jurayyan NA.  Congenital adrenal hyperplasia due to 11 beta-hydroxylase deficiency in 
Saudi Arabia: clinical and biochemical characteristics. Acta Paediatr. 1995;84:651–4. https://
doi.org/10.1111/j.1651- 2227.1995.tb13719.x.

 59. Rosler A, Leiberman E, Sack J, Landau H, Benderly A, Moses SW, et  al. Clinical vari-
ability of congenital adrenal hyperplasia due to 11B-hydroxylase deficiency. Horm Res. 
1982;16:133–41. https://doi.org/10.1159/000179494.

 60. Razzaghy-Azar M, Karimi S, Shirazi E. Gender identity in patients with congenital adrenal 
hyperplasia. Int J Endocrinol Metab. 2017;15:e12537. https://doi.org/10.5812/ijem.12537.

 61. Simm PJ, Zacharin MR. Successful pregnancy in a patient with severe 11-beta-hydroxylase 
deficiency and novel mutations in CYP11B1 gene. Horm Res. 2007;68:294–7. https://doi.
org/10.1159/000107651.

 62. Auchus RJ.  The genetics, pathophysiology, and management of human deficiencies 
of P450c17. Endocrinol Metab Clin N Am. 2001;30:101–19. https://doi.org/10.1016/
s0889- 8529(08)70021- 5.

 63. Katayama Y, Kado S, Wada S, Nemoto Y, Kugai N, Furuya K, et al. A case of 17a- hydroxylase 
deficiency with retained menstruation. Endocrinol Jpn. 1994;41:213–8. https://doi.org/10.1507/
endocrj.41.213.

 64. Idkowiak J, Randell T, Dhir V, Patel V, Shackleton P, Taylor CH, et al. A missense mutation in 
the human cytochrome b5 gene causes 46,XY disorder of sex development due to true isolated 
17,20 lyase deficiency. J Clin Endocrinol Metab. 2012;97:E465–75. https://doi.org/10.1210/
jc.2011- 2413.

 65. Simsek E, Ozdemir I, Lin L, Achermann JC. Isolated 17,20-lyase (desmolase) deficiency in 
a 46, XX female presenting with delayed puberty. Fertil Steril. 2005;83:1548–51. https://doi.
org/10.1016/j.fertnstert.2004.11.063.

 66. Reisch N, Flade L, Scherr M, Rottenkolber M, Pedrosa Gil F, Bidlingmaier M, et al. High 
prevalence of reduced fecundity in men with congenital adrenal hyperplasia. J Clin Endocrinol 
Metab. 2009;94:1665–70. https://doi.org/10.1210/jc.2008- 1414.

I. Anaforoglu

https://doi.org/10.1210/jc.2007-2053
https://doi.org/10.1210/jc.2007-2053
https://doi.org/10.1210/jcem-56-2-222
https://doi.org/10.1016/j.jsbmb.2018.04.001
https://doi.org/10.1016/s0022-3476(05)80497-4
https://doi.org/10.1016/s0022-3476(05)80497-4
https://doi.org/10.4158/EP.2.2.90
https://doi.org/10.4158/EP.2.2.90
https://doi.org/10.1210/jcem.86.12.8090
https://doi.org/10.1038/ejhg.2013.197
https://doi.org/10.1210/jc.2013-1306
https://doi.org/10.1111/j.1651-2227.1995.tb13719.x
https://doi.org/10.1111/j.1651-2227.1995.tb13719.x
https://doi.org/10.1159/000179494
https://doi.org/10.5812/ijem.12537
https://doi.org/10.1159/000107651
https://doi.org/10.1159/000107651
https://doi.org/10.1016/s0889-8529(08)70021-5
https://doi.org/10.1016/s0889-8529(08)70021-5
https://doi.org/10.1507/endocrj.41.213
https://doi.org/10.1507/endocrj.41.213
https://doi.org/10.1210/jc.2011-2413
https://doi.org/10.1210/jc.2011-2413
https://doi.org/10.1016/j.fertnstert.2004.11.063
https://doi.org/10.1016/j.fertnstert.2004.11.063
https://doi.org/10.1210/jc.2008-1414


89

 67. Matsuzaki S, Yanase T, Murakami T, Uehara S, Nawata H, Yajima A. Induction of endometrial 
cycles and ovulation in a woman with combined 17a-hydroxylase/17,20-lyase deficiency due 
to compound heterozygous mutations on the P45017a gene. Fertil Steril. 2000;73:1183–6. 
https://doi.org/10.1016/s0015- 0282(00)00500- 8.

 68. Ben-Nun I, Siegai A, Shulman A, Ghetler Y, Kaneti H, Lunenfeld B, et al. Induction of artificial 
endometrial cycles with oestradiol implants and injectable progesterone: establishment of a 
viable pregnancy in a woman with 17a-hydroxylase deficiency. Hum Reprod. 1995;10:2456–8. 
https://doi.org/10.1093/oxfordjournals.humrep.a136319.

 69. Miura K, Yasuda K, Yanase T, Yamakita N, Sasano H, Nawata H, et al. Mutation of cytochrome 
P-45017a gene (CYP17) in a Japanese patient previously reported as having glucocorticoid- 
responsive hyperaldosteronism: with a review of Japanese patients with mutations of CYP17. 
J Clin Endocrinol Metab. 1996;81:3797–801. https://doi.org/10.1210/jcem.81.10.8855840.

 70. Araki S, Chikazawa K, Sekiguchi I, Yamauchi H, Motoyama M, Tamada T.  Arrest of fol-
licular development in a patient with 17a-hydroxylase deficiency: folliculogenesis in associa-
tion with a lack of estrogen synthesis in the ovaries. Fertil Steril. 1987;47:169–72. https://doi.
org/10.1016/s0015- 0282(16)49955- 3.

 71. Levran D, Ben-Shlomo I, Pariente C, Dor J, Mashiach S, Weissman A.  Familial partial 
17,20-desmolase and 17a-hydroxylase deficiency presenting as infertility. J Assist Reprod 
Genet. 2003;20:21–8. https://doi.org/10.1023/a:1021206704958.

 72. Neuwinger J, Licht P, Munzer B, Sir-Petermann T, Siebzehnrubl E, Wildt L. Substitution with 
testosterone as aromatizable substrate for induction of follicular maturation, estradiol produc-
tion and ovulation in a patient with 17a-hydroxylase deficiency. Exp Clin Endocrinol Diabetes. 
1996;104:400–8. https://doi.org/10.1055/s- 0029- 1211475.

 73. Miller WL, Auchus RJ.  The molecular biology, biochemistry, and physiology of human 
steroidogenesis and its disorders. Endocr Rev. 2011;32:81–151. https://doi.org/10.1210/
er.2010- 0013.

 74. Flück CE, Pandey AV. Steroidogenesis of the testis—new genes and pathways. Ann Endocri-
nol. 2014;75:40–7. https://doi.org/10.1016/j.ando.2014.03.002.

 75. Al Alawi AM, Nordenström A, Falhammar H. Clinical perspectives in congenital adre-
nal hyperplasia due to 3-hydroxysteroid dehydrogenase type 2 deficiency. Endocrine. 
2019;63:407–21. https://doi.org/10.1007/s12020- 018- 01835- 3.

 76. Burckhardt MA, Udhane SS, Marti N, Schnyder I, Tapia C, Nielsen JE, et  al. Human 
3β-hydroxysteroid dehydrogenase deficiency seems to affect fertility but may not harbor a 
tumor risk: lesson from an experiment of nature. Eur J Endocrinol. 2015;173:K1–12. https://
doi.org/10.1530/EJE- 15- 0599.

 77. Guran T, Kara C, Yildiz M, Bitkin EC, Haklar G, Lin JC, et  al. Revisiting classical 
3β-hydroxysteroid dehydrogenase 2 deficiency: lessons from 31 pediatric cases. J Clin Endo-
crinol Metab. 2020;105(3):dgaa022. https://doi.org/10.1210/clinem/dgaa022.

 78. Zachmann M, Forest MG, De Peretti E. 3 beta-hydroxysteroid dehydrogenase defi-
ciency follow-study a girl pubertal bone age. Horm Res. 1979;11(6):292–302. https://doi.
org/10.1159/000179067.

 79. Donadille B, Houang M, Netchine I, Siffroi JP, Christin-Maitre S. Human 3beta- hydroxysteroid 
dehydrogenase deficiency associated with normal spermatic numeration despite a severe 
enzyme deficit. Endocr Connect. 2018;7:395–402. https://doi.org/10.1530/EC- 17- 0306.

 80. Alos N, Moisan AM, Ward L, Desrochers M, Legault L, Leboeuf G, et  al. A novel A10E 
homozygous mutation in the HSD3B2 gene causing severe salt-wasting 3betahydroxyster-
oid dehydrogenase deficiency in 46,XX and 46,XY French-Canadians: evaluation of gonadal 
function after puberty. J Clin Endocrinol Metab. 2000;85:1968–74. https://doi.org/10.1210/
jcem.85.5.6581.

 81. Marui S, Russell AJ, Paula FJ, Dick-de-Paula I, Marcondes JA, Mendonca BB. Genotyping 
of the type II 3betahydroxysteroid dehydrogenase gene (HSD3B2) in women with hirsutism 
and elevated ACTH-stimulated delta(5)-steroids. Fertil Steril. 2000;74:553–7. https://doi.
org/10.1016/s0015- 0282(00)00668- 3.

Mechanisms of Reproductive Dysfunction in Classical and Nonclassical Congenital…

https://doi.org/10.1016/s0015-0282(00)00500-8
https://doi.org/10.1093/oxfordjournals.humrep.a136319
https://doi.org/10.1210/jcem.81.10.8855840
https://doi.org/10.1016/s0015-0282(16)49955-3
https://doi.org/10.1016/s0015-0282(16)49955-3
https://doi.org/10.1023/a:1021206704958
https://doi.org/10.1055/s-0029-1211475
https://doi.org/10.1210/er.2010-0013
https://doi.org/10.1210/er.2010-0013
https://doi.org/10.1016/j.ando.2014.03.002
https://doi.org/10.1007/s12020-018-01835-3
https://doi.org/10.1530/EJE-15-0599
https://doi.org/10.1530/EJE-15-0599
https://doi.org/10.1210/clinem/dgaa022
https://doi.org/10.1159/000179067.
https://doi.org/10.1159/000179067.
https://doi.org/10.1530/EC-17-0306
https://doi.org/10.1210/jcem.85.5.6581
https://doi.org/10.1210/jcem.85.5.6581
https://doi.org/10.1016/s0015-0282(00)00668-3
https://doi.org/10.1016/s0015-0282(00)00668-3


90

 82. Johannsen TH, Mallet D, Dige-Petersen H, Muller J, Main KM, Morel Y, et  al. Delayed 
diagnosis of congenital adrenal hyperplasia with salt wasting due to type II 3betahydroxys-
teroid dehydrogenase deficiency. J Clin Endocrinol Metab. 2005;90:2076–80. https://doi.
org/10.1210/jc.2004- 1374.

 83. Pang S.  The molecular and clinical spectrum of 3betahydroxysteroid dehydrogenase 
deficiency disorder. Trends Endocrinol Metab. 1998;9:82–6. https://doi.org/10.1016/
s1043- 2760(98)00015- 0.

 84. Miller WL.  Minireview: regulation of steroidogenesis by electron transfer. Endocrinology. 
2005;146:2544–50. https://doi.org/10.1210/en.2005- 0096.

 85. Scott RR, Miller WL. Genetic and clinical features of p450 oxidoreductase deficiency. Horm 
Res. 2008;69:266–75. https://doi.org/10.1159/000114857.

 86. Rubtsov P, Karmanov M, Sverdlova P, Spirin P, Tiulpakov A. A novel homozygous mutation in 
CYP11A1 gene is associated with late-onset adrenal insufficiency and hypospadias in a 46,XY 
patient. J Clin Endocrinol Metab. 2009;94:936–9. https://doi.org/10.1210/jc.2008- 1118.

 87. Sahakitrungruang T, Tee MK, Blackett PR, Miller WL. Partial defect in the cholesterol side- 
chain cleavage enzyme P450scc (CYP11A1) resembling nonclassic congenital lipoid adrenal 
hyperplasia. J Clin Endocrinol Metab. 2011;96:792–8. https://doi.org/10.1210/jc.2010- 1828.

 88. Fukami M, Horikawa R, Nagai T, Tanaka T, Naiki Y, Sato N, et al. Cytochrome P450oxidore-
ductase gene mutations and Antley-Bixler syndrome with abnormal genitalia and/or impaired 
steroidogenesis: molecular and clinical studies in 10 patients. J Clin Endocrinol Metab. 
2005;90:414–26. https://doi.org/10.1210/jc.2004- 0810.

 89. Fukami M, Nishimura G, Homma K, Nagai T, Hanaki K, Uematsu A, et  al. Cytochrome 
P450 oxidoreductase deficiency: identification and characterization of biallelic mutations 
and genotype-phenotype correlations in 35 Japanese patients. J Clin Endocrinol Metab. 
2009;94:1723–31. https://doi.org/10.1210/jc.2008- 2816.

 90. Huang N, Pandey AV, Agrawal V, Reardon W, Lapunzina PD, Mowat D, et al. Diversity and 
function of mutations in P450 oxidoreductase in patients with Antley-Bixler syndrome and dis-
ordered steroidogenesis. Am J Hum Genet. 2005;76:729–49. https://doi.org/10.1086/429417.

 91. Sahakitrungruang T, Huang N, Tee MK, Agrawal V, Russell WE, Crock P, et  al. Clinical, 
genetic, and enzymatic characterization of P450 oxidoreductase deficiency in four patients. J 
Clin Endocrinol Metab. 2009;94:4992–5000. https://doi.org/10.1210/jc.2009- 1460.

 92. Krone N, Reisch N, Idkowiak J, Dhir V, Ivison HE, Hughes BA, et al. Genotype-phenotype 
analysis in congenital adrenal hyperplasia due to P450 oxidoreductase deficiency. J Clin Endo-
crinol Metab. 2012;97:E257–67. https://doi.org/10.1210/jc.2011- 0640.

 93. Auchus RJ.  The backdoor pathway to dihydrotestosterone. Trends Endocrinol Metab. 
2004;15:432–8. https://doi.org/10.1016/j.tem.2004.09.004.

 94. Geller DH, Auchus RJ, Mendonca BB, Miller WL. The genetic and functional basis of isolated 
17,20-lyase deficiency. Nat Genet. 1997;17:201–5. https://doi.org/10.1038/ng1097- 201.

 95. Auchus RJ, Miller WL.  Molecular modeling of human P450c17 (17α-hydroxylase/17,20- 
lyase): insights into reaction mechanisms and effects of mutations. Mol Endocrinol. 
1999;13:1169–82. https://doi.org/10.1210/mend.13.7.0326.

 96. Unal E, Yıldırım R, Taş FF, Demir V, Onay H, Haspolat YK. Aromatase deficiency due to a 
novel mutation in CYP19A1 gene. J Clin Res Pediatr Endocrinol. 2018;10:377–81. https://doi.
org/10.4274/jcrpe.0011.

 97. Idkowiak J, O’Riordan S, Reisch N, Malunowicz EM, Collins F, Kerstens MN, et al. Pubertal 
presentation in seven patients with congenital adrenal hyperplasia due to P450 oxidoreductase 
deficiency. J Clin Endocrinol Metab. 2011;96:E453–62. https://doi.org/10.1210/jc.2010- 1607.

 98. Tomalik-Scharte D, Maiter D, Kirchheiner J, Ivison HE, Fuhr U, Arlt W.  Impaired hepatic 
drug and steroid metabolism in congenital adrenal hyperplasia due to P450 oxidoreductase 
deficiency. Eur J Endocrinol. 2010;163:919–24. https://doi.org/10.1530/EJE- 10- 0764.

 99. Wang C, Xu B, Zhou B, Zhang C, Yang J, Ouyang H, et al. Reducing CYP51 inhibits fol-
licle stimulating hormone induced resumption of mouse oocyte meiosis in vitro. J Lipid Res. 
2009;50:2164–72. https://doi.org/10.1194/jlr.M800533- JLR200.

I. Anaforoglu

https://doi.org/10.1210/jc.2004-1374
https://doi.org/10.1210/jc.2004-1374
https://doi.org/10.1016/s1043-2760(98)00015-0
https://doi.org/10.1016/s1043-2760(98)00015-0
https://doi.org/10.1210/en.2005-0096
https://doi.org/10.1159/000114857.
https://doi.org/10.1210/jc.2008-1118
https://doi.org/10.1210/jc.2010-1828
https://doi.org/10.1210/jc.2004-0810
https://doi.org/10.1210/jc.2008-2816
https://doi.org/10.1086/429417
https://doi.org/10.1210/jc.2009-1460
https://doi.org/10.1210/jc.2011-0640
https://doi.org/10.1016/j.tem.2004.09.004
https://doi.org/10.1038/ng1097-201
https://doi.org/10.1210/mend.13.7.0326
https://doi.org/10.4274/jcrpe.0011
https://doi.org/10.4274/jcrpe.0011
https://doi.org/10.1210/jc.2010-1607
https://doi.org/10.1530/EJE-10-0764
https://doi.org/10.1194/jlr.M800533-JLR200


91

 100. Grøndahl C, Ottesen JL, Lessl M, Faarup P, Murray A, Grønvald FC, et al. Meiosis-activating 
sterol promotes resumption of meiosis in mouse oocytes cultured in vitro in contrast to related 
oxysterols. Biol Reprod. 1998;58:1297–302. https://doi.org/10.1095/biolreprod58.5.1297.

 101. Lin D, Sugawara T, Strauss JF III, Clark BJ, Stocco DM, Saenger P, et al. Role of steroidogenic 
acute regulatory protein in adrenal and gonadal steroidogenesis. Science. 1995;267:1828–31. 
https://doi.org/10.1126/science.7892608.

 102. Bose HS, Sugawara T, Strauss JF III, Miller WL, International Congenital Lipoid Adrenal 
Hyperplasia Consortium. The pathophysiology and genetics of congenital lipoid adrenal hyper-
plasia. N Engl J Med. 1996;335:1870–9. https://doi.org/10.1056/NEJM199612193352503.

 103. Caron KM, Soo SC, Wetsel WC, Stocco DM, Clark BJ, Parker KL. Targeted disruption of 
the Mouse gene encoding steroidogenic acute regulatory protein provides insights into con-
genital lipoid adrenal hyperplasia. Proc Natl Acad Sci U S A. 1997;94:11540–5. https://doi.
org/10.1073/pnas.94.21.11540.

 104. Stocco DM, Clark BJ. Regulation of the acute production of steroids in steroidogenic cells. 
Endocr Rev. 1996;17:221–44. https://doi.org/10.1210/edrv- 17- 3- 221.

 105. Baker BY, Lin L, Kim CJ, Raza J, Smith CP, Miller WL, et al. Nonclassic congenital lipoid 
adrenal hyperplasia: a new disorder of the steroidogenic acute regulatory protein with very 
late presentation and normal male genitalia. J Clin Endocrinol Metab. 2006;91:4781–5. 
https://doi.org/10.1210/jc.2006- 1565.

 106. Shima M, Tanae A, Miki K, Katsumata N, Matsumoto S, Nakajima S, et al. Mechanism for 
the development of ovarian cysts in patients with congenital lipoid adrenal hyperplasia. Eur J 
Endocrinol. 2000;142:274–9. https://doi.org/10.1530/eje.0.1420274.

 107. Sizonenko PC, Schindler AM, Kohlberg IJ, Paunier L.  Gonadotrophins, testosterone and 
oestrogen levels in relation to ovarian morphology in 11b-hydroxylase deficiency. Acta 
Endocrinol. 1972;71:539–50. https://doi.org/10.1530/acta.0.0710539.

 108. Bose HS, Pescovitz OH, Miller WL. Spontaneous feminization in a 46,XX female patient 
with congenital lipoid adrenal hyperplasia caused by a homozygous frame-shift mutation in 
the steroidogenic acute regulatory protein. J Clin Endocrinol Metab. 1997;82:1511–5. https://
doi.org/10.1210/jcem.82.5.3962.

 109. Fujieda K, Tajima T, Nakae J, Sageshima S, Tachibana K, Suwa S, et al. Spontaneous puberty 
in 46,XX subjects with congenital lipoid adrenal hyperplasia. J Clin Invest. 1997;99:1265–71. 
https://doi.org/10.1172/JCI119284.

 110. Khoury K, Barbar E, Ainmelk Y, Ouellet A, Lavigne P, LeHoux JG. Thirty-eight-year fol-
low- up of two sibling lipoid congenital adrenal hyperplasia patients due to homozygous 
steroidogenic acute regulatory (STARD1) protein mutation. Molecular structure and model-
ing of the STARD1 L275Pmutation. Front Neurosci. 2016;10:527. https://doi.org/10.3389/
fnins.2016.00527.

 111. Sertedaki A, Pantos K, Vrettou C, Kokkali G, Christofidou C, Kanavakis E, et al. Conception 
and pregnancy outcome in a patient with 11-bp deletion of the steroidogenic acute regu-
latory protein gene. Fertil Steril. 2009;91:934.e15–8. https://doi.org/10.1016/j.fertn-
stert.2008.07.1770.

 112. Albarel F, Perrin J, Jegaden M, Roucher-Boulez F, Reynaud R, Brue T, et  al. Successful 
IVF pregnancy despite inadequate ovarian steroidogenesis due to congenital lipoid adrenal 
hyperplasia (CLAH): a case report. Hum Reprod. 2016;31:2609–12. https://doi.org/10.1093/
humrep/dew239.

 113. Khoury K, Barbar E, Ainmelk Y, Ouellet A, Lehoux JG.  Gonadal function, first cases of 
pregnancy, and child delivery in a woman with lipoid congenital adrenal hyperplasia. J Clin 
Endocrinol Metab. 2009;94:1333–7. https://doi.org/10.1210/jc.2008- 1694.

 114. Hatabu N, Amano N, Mori J, Hasegawa Y, Matsuura H, Sumitomo N, et al. Pubertal devel-
opment and pregnancy outcomes in 46,XX patients with nonclassic lipoid congenital adre-
nal hyperplasia. J Clin Endocrinol Metab. 2019;104:1866–70. https://doi.org/10.1210/
jc.2018- 01752.

Mechanisms of Reproductive Dysfunction in Classical and Nonclassical Congenital…

https://doi.org/10.1095/biolreprod58.5.1297
https://doi.org/10.1126/science.7892608
https://doi.org/10.1056/NEJM199612193352503
https://doi.org/10.1073/pnas.94.21.11540
https://doi.org/10.1073/pnas.94.21.11540
https://doi.org/10.1210/edrv-17-3-221
https://doi.org/10.1210/jc.2006-1565
https://doi.org/10.1530/eje.0.1420274
https://doi.org/10.1530/acta.0.0710539
https://doi.org/10.1210/jcem.82.5.3962
https://doi.org/10.1210/jcem.82.5.3962
https://doi.org/10.1172/JCI119284
https://doi.org/10.3389/fnins.2016.00527
https://doi.org/10.3389/fnins.2016.00527
https://doi.org/10.1016/j.fertnstert.2008.07.1770
https://doi.org/10.1016/j.fertnstert.2008.07.1770
https://doi.org/10.1093/humrep/dew239
https://doi.org/10.1093/humrep/dew239
https://doi.org/10.1210/jc.2008-1694
https://doi.org/10.1210/jc.2018-01752
https://doi.org/10.1210/jc.2018-01752


93© Springer Nature Switzerland AG 2021
M. E. Ertorer (ed.), Fertility and Reproductive Outcomes in Different Forms of 
Congenital Adrenal Hyperplasia, https://doi.org/10.1007/978-3-030-82591-1_6

Reproductive Dysfunction in Classical 
and Nonclassical Congenital Adrenal 
Hyperplasia Due to 21-Hydroxylase 
Deficiency

Enrico Carmina

 Introduction

Patients with congenital adrenal hyperplasia (CAH) both with severe (classical 
CAH) and mild (nonclassical NCAH) forms have alterations in reproductive func-
tion including reduced fertility and low number of live births. However, there are 
important differences between these two groups of patients.

In this short review, only the alterations in reproductive function of patients with 
21-hydroxylase deficiency (21-OHd) will be discussed because they represent 
almost all of the patients in reproductive clinical settings.

 Reproductive Function in Classical 21-OHd CAH Patients

In girls with classical 21-OHd CAH, the age of puberty onset is often earlier than in 
general population, and in some patients, precocious puberty may be present [1]. Its 
prevalence is not well determined but mainly depends on incomplete suppression of 
adrenal androgen production. However, in affected males, the ages at pubertal onset 
and pubarche are usually similar to that observed in general population [1].

Menstrual irregularities (oligomenorrhea, primary or secondary amenorrhea) are 
common in women with classical 21-OHd CAH and generally result from overpro-
duction of adrenal androgens including 11-oxygenated C-19 androgens and proges-
tins and rarely from ovarian adrenal rest tumors [2, 3]. Often, secondary PCOS is 
observed with increased ovarian androgen production and anovulatory cycles.
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Infertility in classical 21-OHd CAH women is common and depends not only on 
anovulation but also on increased circulating progesterone concentrations during 
the follicular phase which impact on endometrial receptivity, tubal motility, and 
cervical thickness [1–4].

In males, primary gonadal failure due to testicular adrenal rest tumors (TARTs) 
may be observed [5], and regular evaluation for TARTs using ultrasonography is 
recommended from the start of puberty or even earlier when poor hormonal control 
is present [1–3]. When TARTs are present, counseling about cryopreservation of 
semen should be offered [6]. Secondary gonadal failure due to poor hormonal con-
trol is relatively uncommon in males with classical 21-OHd CAH [1–3].

In all patients with classical 21-OHd CAH, optimal hormonal control is a key 
factor for adequate gonadal function. Therefore, regular measurements of adrenal 
and gonadal steroids and/or their metabolites should be performed, and normaliza-
tion of these parameters is essential for avoiding or improving gonadal dysfunction 
and impaired fertility. Administration of sufficient substitution dose of glucocorti-
coids may lead to spontaneous pregnancy, but in some patients, because of the asso-
ciation with polycystic ovary syndrome (PCOS), induction of ovulation and 
sometimes in vitro fertilization program may be needed [6].

 Reproductive Function in Women with 21-OHd NCAH

Puberty time is regular in girls with 21-OHd NCAH, but menstrual irregularities 
occurring immediately after menarche often represent the presenting symptom. In a 
study of 220 female adolescents, menstrual irregularities have been the presenting 
sign of 21-OHd NCAH in 56% of the patients, while primary amenorrhea occurs in 
9% of them [7]. It means that only one third of girls with 21-OHd NCAH will have 
normal menses during adolescence.

About 50–70% of adult women with 21-OHd NCAH present with irregular men-
ses and chronic anovulation [7–9], while 80% present with polycystic ovaries [8]. In 
past, we had reported that adult women with 21-OHd NCAH presented with inap-
propriate gonadotropin secretion like that found in PCOS with increased amplitude 
of LH pulses [10] and that gonadotropin suppression by a GnRH agonist deter-
mined improvement of hirsutism and of the androgen secretion larger than that 
observed by using corticosteroids [11]. Because all these patients are hyperandro-
genemic, most of them will be diagnosed as PCOS, if 17-OHP assay is not per-
formed [12].

We have recently reviewed our experience in 66 (mean age of 23±7 years) adult 
women with 21-OHd NCAH (Table 1) (unpublished data). Most patients have pre-
sented with moderate or severe hirsutism, while mild or moderate acne (assessed by 
Global Evaluation Acne-GEA scale) has been found in 40% of the patients and mild 
or moderate hair loss (female pattern hair loss, assessed by Sinclair scale) has been 
detected in 16% of the patients. Menstrual cycles have been regular in only 35% of 
the patients, while oligomenorrhea has been reported in 60% and amenorrhea in 
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5%. Ovulatory cycles (assessed by measuring progesterone values on day 22 of the 
menstrual cycle) have been found in 50% of the patients with NCAH while in the 
remaining 50% chronic anovulation has been observed. About 75% of the cases 
have had polycystic ovaries and only 25% have exhibited normal ovaries.

These data confirm that secondary PCOS is present in most adult women with 
21-OHd NCAH and is particularly important in determining the reproductive dys-
function of these patients. Because of PCOS, glucocorticoid treatment is often 
unable to improve the clinical and endocrine expression of the syndrome [12].

However, there are some interesting differences between 21-OHd NCAH patients 
with a secondary PCOS and PCOS women. In fact, as shown in Table 1, while the 
prevalence of menstrual irregularities is similar in adult women with 21-OHd 
NCAH and PCOS, chronic anovulation is more common in PCOS. It suggests that 
in women with NCAH, despite menstrual irregularities and secondary PCOS, ovu-
latory cycles may occur and determine normal fertility.

 Fertility and Reproductive Outcome in Women 
with 21-OHd NCAH

In fact, in most studies, the majority of women with 21-OHd NCAH have conceived 
spontaneously [12–14] with only 30% of the patients complaining of infertility. 
Chronic anovulation is the main cause of infertility in 21-OHd NCAH women, but 
most patients will conceive using ovulation inducing drugs [4, 15]. Differently on 
that is found in adult women with classical 21-OHd CAH, only in a few adult 
women with 21-OHd NCAH, persistent elevated progestogen concentrations (due 
to excess circulating levels of progesterone and 17-OHP of adrenal origin) partici-
pate to the pathogenesis of infertility [4].

The rate of a singleton live birth is higher in 21-OHd NCAH women treated by 
glucocorticoids prior to conceiving than in those patients who have conceived spon-
taneously (86% vs. 69%, respectively); there is no difference in the rate of ectopic 
pregnancy, preterm birth, stillbirths, twins, or multiple pregnancies [14]. Because 
spontaneous miscarriage in 21-OHd NCAH women is common and has been 
reported in up to 25% of pregnancies, a figure that decreases to 10% in women in 
whom glucocorticoid treatment is started before pregnancy [14, 16], it has been sug-
gested that glucocorticoid therapy may reduce the rate of pregnancy loss in 21-OH-d 
NCAH. Glucocorticoid treatment (other than dexamethasone) should be suggested 
to all women with 21-OHd NCAH who wish to conceive and have the story of mis-
carriages [12].

Table 1 Menstrual irregularities, chronic anovulation, and polycystic ovaries in 66 adult women 
with 21-OHd NCAH and 275 PCOS patients (Carmina E, unpublished data)

Menstrual irregularities (%) Anovulation (%) Polycystic ovaries (%)

21-OHd NCAH 65 50 75
PCOS 62 68 90

Reproductive Dysfunction in Classical and Nonclassical Congenital Adrenal…
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 Reproductive Dysfunction in Males with 21-OHd NCAH

Data regarding adolescent and adult male patients with NCAH due to 21- hydroxylase 
deficiency is extremely limited. In fact, the great majority of male patients are 
asymptomatic, and most are identified during genetic screening carried out for pur-
poses of genetic counseling. Only a few seek for medical advice because of prepu-
bertal or pubertal manifestations [17].

In male adolescents, gynecomastia may sometimes present, but it is an uncom-
mon finding. Wasniewska et al. have reported two boys presenting with either pre-
pubertal or pubertal gynecomastia [18]. In both boys, gynecomastia has completely 
regressed 5–8 months after the institution of glucocorticoid replacement therapy.

Testicular adrenal rest tumors (TARTs) are the most important cause of infertility 
in male patients with classical 21-OHd CAH, but are uncommon in NCAH patients 
[19]. Therefore, routine measurement of 17-OHP in the evaluation of male infertil-
ity is not recommended.
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 Introduction

Although female infertility and its treatment is an extensively studied topic, male 
fertility issues in patients with congenital adrenal hyperplasia (CAH) are less 
described [1]. Indeed, both the disorder per se (e.g., multiple genotypes and pheno-
types) and the male infertility make the individualized approach a challenging task.

Small studies in 1970s have failed to demonstrate an association between CAH 
and male infertility [2]. On the contrary, most recent studies have reported a signifi-
cant impact of CAH on fecundity and fertility outcomes [1, 3–5]. More specifically, 
in a French national survey, 51% of patients with CAH have been reported to have 
at least one child, a prevalence significantly lower compared with the French gen-
eral population (79%) [3]. A British study has reported that almost 40% of males 
with CAH have used fertility treatment services (24/65) with a success rate of 67% 
[4]. From another perspective, an analysis of the Swedish CAH registry (n = 221) 
has demonstrated that the odds ratio (OR) of being a biological father of at least one 
child has been 0.5 [95% confidence interval (CI) 0.4–0.7] for CAH males compared 
with controls matched for year, place of birth, and migration status [5]. An interest-
ing point raised by the same study is that the introduction of neonatal CAH screen-
ing in Sweden has not significantly changed the likelihood of having a child, even 
though the OR is doubled (ORbefore = 0.5 versus ORafter = 1.0) [5]. The previous study 
has also provided data specific for patients with non-classical adrenal hyperplasia 
(NCAH), a group for which evidence is even more scarce in literature [5]. More 
specifically, the OR of being a biological father has been 3.7 (95% CI 0.9–15) for 
NCAH males compared with matched controls from general population [5]. The 
difference between the two forms of the disease has been attributed to a variety of 
factors. Compared with the classical form, NCAH may not be diagnosed as often, 
thus hampering a properly powered estimation of infertility in these individuals [5]. 
Another reason can be that testicular adrenal rest tumors (TARTs), one of the most 
common reasons for male infertility, constitute a rather rare entity in patients with 
NCAH [6]. In line with this finding, the routine ultrasound screening for TARTs in 
patients with NCAH is not included in the Endocrine Society’s most recent clinical 
practice guidelines [7].

An essential prerequisite of infertility treatment in men with CAH is the identifi-
cation of its possible causes (Fig. 1). Some of them are attributed to the disease per 
se. The causes include TARTs, primary (hypergonadotropic) hypogonadism result-
ing from testicular dysfunction and secondary (hypogonadotropic) hypogonadism. 
Furthermore, sexuality problems may be related to the disease per se, given its 
effect on male sexuality [8]. Glucocorticoid administration may lead to increased 
body weight or even hypogonadism by suppressing gonadotropin secretion [8]. 
Finally, other infertility aspects (e.g., sexually transmitted infections, obesity, medi-
cations) may also accompany. Hence, accurate diagnosis of all comorbidities is of 
utmost importance in infertile men with CAH.
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 Testicular Adrenal Rest Tumors

Testicular adrenal rest tumors (TARTs) constitute the most common cause of male 
infertility among CAH patients. These tumors are benign, mostly bilateral, and 
require early detection to prevent permanent testicular damage [9]. There are case 
reports in current literature stressing on the importance of these lesions in CAH, as 
TARTs can be the only manifestation [10].

 Embryology

The pathophysiology of TARTs development has been studied extensively in the 
past years. The interplay between a specific primordial cell type nesting in rete testis 
during fetal development and exposure to growth factors pre- and postnatally con-
stitute the main mechanism [9].

As far as cellular types are concerned, some authors have proposed primordial 
adrenal cells, while others have suggested that fetal Leydig cells may divide into 
TARTs, as the latter also express receptors and enzymes found in TARTs [9, 11]. A 
seminal paper by Val et  al. has introduced a new concept in the embryology of 
TARTs [12]. More specifically, fetal and adult mouse testes have been demonstrated 
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Fig. 1 The multifactorial etiology of infertility in congenital adrenal hyperplasia (CAH). Four 
mechanisms specific for CAH patients are identified (bold letters). Other causes of male infertility 
need to be taken into consideration. Parts of the figure were based on images by Servier Medical 
Art by Servier licensed under a Creative Commons Attribution 3.0 Unported License
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to possess adrenal-like cells, expressing adrenal-specific markers; cytochrome P450 
family 11 subfamily B member-1 (Cyp11B1) and Cytochrome-21 (Cyp21), and 
responding to adrenocorticotropic hormone (ACTH) and human chorionic gonado-
tropin (hCG). The authors have suggested that a common steroidogenic progenitor, 
originating in the area between the mesonephros and the gonad, can be responsible 
for TARTs formation in CAH [12]. Based on these findings, Engels et  al. have 
hypothesized the presence of a pluripotent steroidogenic cell in humans, as well [11].

In line with the theory of pluripotent steroidogenic progenitor in humans, a study 
by Smeets et al. has provided molecular evidence that characteristics of both adrenal 
and gonadal cells are present in TARTs [13]. In gene expression analysis of TARTs, 
the authors have identified 1000- to 10,000-fold higher adrenal enzymes expression 
compared with testis. Those have been CYP11B1, cytochrome P450 family 11 sub-
family B member-2 (CYP11B2), and melanocortin-2 receptor (MC2R). On the 
other hand, insulin-like-3 (INSL3) and hydroxysteroid 17-beta dehydrogenase-3 
(HSD17B3) produced in Leydig cells have been expressed in TARTs at significantly 
higher levels compared with adrenal tissues. This complex steroidogenic profile can 
only be attributed to a less differentiated embryonic progenitor [13].

Considering growth factor exposure, ACTH’s proliferative effect on primordial 
adrenal cells has been proposed as a possible contributor to TARTs development 
[9]. Compatible with the theory mentioned above, patients with NCAH rarely pres-
ent with TARTs, probably because ACTH is only moderately increased. Engels and 
colleagues have stressed that ACTH exposure’s timing is crucial and have reported 
that not all CAH patients with increased ACTH present with TARTs [11]. 
Nevertheless, TARTs have also been described even in patients with low ACTH 
concentrations [9]. Apart from ACTH, recent molecular analyses of TARTs tissues 
have suggested that angiotensin II and luteinizing hormone (LH) exposure, the lat-
ter appearing during puberty, can also play a role in the development and progres-
sion of these tumors [13].

 Prevalence

A recent pooled analysis of 1315 patients by Engels and colleagues has estimated 
an overall prevalence of almost 40% (489 cases) [11]. Main factors associated with 
the presence of TARTs are patient’s age, method of detection, and severity of the 
disease. In general, TARTs are more prevalent as the patient’s age increases from 
puberty to adulthood [11]. Even though TARTs are considered rarer in children, a 
review of autopsy studies has reported seven CAH patients younger than 8 weeks, 
three of whom have demonstrated bilateral TARTs. Of note, TARTs have been iden-
tified in all patients older than 14 months of life [14]. More recent evidence is in line 
with these findings, suggesting that boys present with TARTs more frequently than 
expected, gonadal function [determined by follicle-stimulating hormone (FSH), 
LH, testosterone, and inhibin B concentrations] has not been impaired in any of the 
patients with TARTs compared with those without. As a result, the authors have 
concluded that gonadal function impairment may occur as the age progresses [15].
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Furthermore, different diagnostic methods modify the estimated prevalence rates 
of TARTs [11]. More specifically, clinical examination fails to identify small tumors 
(see Diagnosis). On the other hand, ultrasonography and magnetic resonance imag-
ing (MRI) can identify small size tumors; thus, imaging modalities have an impor-
tant place in TARTs diagnosis. Finally, TARTs prevalence increases in parallel with 
disease severity. A genotype-specific association has been described, with salt- 
wasting forms demonstrating higher prevalence compared with the simple virilizing 
forms [11].

As far as NCAH is concerned, anecdotal reports occur [6]. Still, the review by 
Engels and colleagues has provided no specific estimate of TARTs in patients with 
NCAH [11]. Therefore, one can conclude that they constitute a rare entity.

The aforementioned data has been related to 21-hydroxylase deficiency (21- 
OHd). Even fewer data are available for other forms of CAH. In a study of boys and 
adolescent males, three out of five patients with 11-β hydroxylase deficiency have 
presented with TARTs. All subjects have demonstrated a suboptimal control of the 
disease [16]. In these patients, TARTs are associated with oligo- and azoospermia 
as in patients with 21-OHd [17]. Further assumptions are hard to be drawn, as evi-
dence on TARTs and 11-β hydroxylase deficiency remains scarce.

 Association with Hormonal Parameters

Given that TARTs have been described in patients with ACTH overproduction, such 
as Cushing’s or Nelson’s syndromes [18, 19], and TARTs have demonstrated 
ACTH-responsiveness [20], a series of studies have evaluated hormonal parameters 
as determinants of TARTs. More specifically, some authors suggest that the control 
of the disease (demonstrated by hormonal concentrations) play a role in the devel-
opment of TARTs. According to Engels’ pooled estimates, 58% of cases with 
TARTs have demonstrated inadequate hormonal control [11].

In line with the “poor control” concept, evidence is driven mostly from cross- 
sectional studies. Increased ACTH concentrations have been associated with TARTs 
presence [21]. Furthermore, in a recent multicentric European study of 121 patients, 
17-hydroxyprogesterone (17-OHP) concentrations two times higher than the upper 
limit of the reference range have resulted in an OR for having TARTs of 28.0 (95% 
CI 3.1–252.5), while simply exceeding the reference range led to an OR of 18.7 
(95% CI 2.2–158.1) compared with concentrations within the reference range [22]. 
The authors have also demonstrated that androstenedione concentrations above the 
reference range has been associated with 3.6 times greater odds of having TARTs 
(95% CI 1.0–12.7, significance not reached) [22].

Despite the evidence from cross-sectional studies on disease control parameters, 
a longitudinal analysis of 50 patients with classical 21-hydroxylase deficiency has 
failed to demonstrate any significant correlation. Pregnanetriol and serum 17-OHP 
concentrations have not been related to TARTs presence [23]. Similar observations 
have been made for long-term clinical control parameters, namely testicular vol-
ume, Tanner stage for pubic hair, and bone age [23].
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As a conclusion, caution is required in the interpretation of clinical data connect-
ing disease control with TARTs development. Most studies providing data are 
cross- sectional, and hence, the association should not necessarily imply causation. 
Furthermore, the number of patients enrolled in these studies is rather small, 
decreasing the power of estimates produced by them. Importantly, one needs to bear 
in mind that TARTs can be present even in patients with optimal hormonal control. 
Hence, more robust evidence is required for producing definitive conclusions, even 
though multifactorial etiology cannot be excluded [11].

 Diagnosis

Clinical examination allows diagnosing TARTs larger than 2 cm. Ultrasonography 
is considered to be the diagnostic method of choice. Data on MRI stem from case 
reports and are rather scarce. Most TARTs are located in the rete testis and can affect 
one or both testicles [11]. A variety of ultrasonographic features characterizes 
TARTs: they can be round, lobular, or even irregular in shape, clearly defined from 
the testicular parenchyma [24]; the majority of them are hypoechogenic (without 
excluding hyperechogenic lesions) and usually demonstrate increased vascularity in 
color Doppler scans [24, 25].

It is important to mention that TARTs need to be differentiated from Leydig cell 
tumors of the testis. Their bilateralism, typical adrenal steroid secretion profile, 
response to glucocorticoids, and solely benign potential are characteristic features. 
However, Leydig cell tumors can be malignant in 10% of cases, and they exhibit 
Reinke crystals in pathologic specimens [11].

 Staging

Even though TARTs are benign, histopathologic studies have proven that they can 
progress in size and cause irreversible obstructive pathology demonstrated as oligo- 
or azoospermia. Residual parenchyma biopsies following testis-sparing surgery 
(see Management options) have demonstrated impaired spermatogenesis [26]. This 
obstructive damage has been attributed to decreased tubular diameters, thickening of 
the lamina propria, peritubular fibrosis, and hyalinization [9, 26]. Furthermore, toxic 
damage to Sertoli and germ cells via paracrine hormone secretion by the tumor has 
also been implicated [9]. Apart from direct effects on testes, endocrine mechanisms 
have also been postulated [27]. More specifically, steroid production directly by 
TARTs can interfere with hypothalamic–pituitary–gonadal (HPG) axis. Blumberg-
Τick and colleagues have demonstrated the secretion of 11-β-hydroxylated ste-
roids in gonadal veins of patient with TARTs [27]. Adding to this, presence of 
TARTs has been correlated with increased concentrations of 11-oxygenated andro-
gens (11-β-hydroxyandrostenedione, 11-β-hydroxytestosterone, 11-ketoandro- 
stenedione, and 11-ketotestosterone) [28].
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Claahsen-van der Grinten and colleagues have attempted to classify the histo-
pathologic stages of TARTs to predict long-term sequelae better and guide therapy 
[9] (Table 1). Note that late stages provide little space for treatment, as testicular 
damage becomes irreversible.

 Management Options

There are primarily two goals in the management of TARTs. The first is early detec-
tion via ultrasound screening in early stages of the disease, and the second is the 
reduction of tumor size with subsequent prevention of testicular failure.

As far as the first goal is concerned, informing patients about TARTs and subse-
quent risk of infertility remains an essential prerequisite of effective screening [11]. 
Moreover, periodically scanning males with classical CAH to assess TARTs devel-
opment have been stressed in the most recent recommendations by the Endocrine 
Society [7]. Specific details, such as age at initial screening or screening frequency, 
remain uncaptured, as clinical data are scarce.

Based on the observation that children with CAH may present with TARTs, 
Claahsen-van der Grinten and colleagues have suggested that ultrasound screening 
must begin in childhood [29]. Engels and colleagues have proposed that screening 
should be conducted annually, starting at 8  years of age until adulthood. From 
adulthood on, biennial or triennial controls are sufficient [11]. In addition, as 
TARTs may cause progressive, irreversible gonadal failure, authors have advocated 
in favor of sperm cryopreservation in pubertal or young adult males with TARTs 
[11, 29, 30].

Intensification of glucocorticoid treatment is considered as the primary choice 
for treatment of TARTs [9, 11, 29]. The prevailing theory behind fertility 

Table 1 Histopathologic classification of TARTs

Stage Description Clinical information

Stage 1 Microscopic detection of TARTs cells in the rete 
testes

• Regression during infant life
• Clinically undetectable lesions

Stage 2 Proliferation and hypertrophy of TARTs cells • Ultrasonographic detection
Stage 3 Continuation of proliferation, rete testes 

compression, testicular dysfunction
• Oligo- or azoospermia
•  Decreased inhibin B, increased 

FSH, LH
• Glucocorticoids still effective

Stage 4 Lymphocytic infiltration focally, fibrosis (peritubular 
and in tumor)

•  Glucocorticoids no longer 
effective

Stage 5 Irreversible damage to the testicular parenchyma:
• Peritubular fibrosis
• Tubular hyalinization
Replacement of tumor with adipose tissue

FSH follicle-stimulating hormone, LH luteinizing hormone, TARTs testicular adrenal rest tumors. 
Source: [9]
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improvement is tumor shrinkage resulting from ACTH decrease after glucocorti-
coid administration [29]. It is important to stress that no prospective evidence is 
currently available [11].

Patients with second- or third-stage TARTs have been reported to achieve a 
decrease in TARTs size, reversal of azoospermia, normalization of hormonal pro-
file, and pregnancies after recommencing, increasing the dosage, or altering gluco-
corticoid treatment to a longer-acting one [9, 31–33]. Regimens used include 
hydrocortisone combined with dexamethasone [31], dexamethasone [32], and 
fludrocortisone [33]. Prednisone may also be used [29]. Of note, patients presenting 
with salt-wasting phenotypes require additional mineralocorticoid replacement [34].

Glucocorticoid administration comes with certain restrictions. First of all, 
adverse effects need to be discussed with the patients before deciding on intensifica-
tion. These include Cushingoid effects (e.g., body weight gain, striae) and reduced 
height (pubertal administration) [30, 32]. Of note, weight gain may also deteriorate 
the negative effects of CAH on fertility [6]. Furthermore, tumor shrinkage and ther-
apeutic benefits may only be temporary for as long as intensified treatment is admin-
istered [9]. Finally, stage 4 TARTs are resistant to glucocorticoid treatment, while 
other treatment options remain of dubious value [9].

Surgical treatment constitutes another possible choice. Historically, orchiecto-
mies have been considered the treatment of choice for patients with CAH, because 
the diagnostic conundrum between Leydig cell tumors and TARTs has prevailed. 
Given that orchiectomies have been radical, and the testis cannot be preserved, 
testis- sparing surgery has been quickly employed in TARTs surgery. Walker and 
colleagues have reported three cases of steroid-resistant TARTs treated with tumor 
enucleation resulting in a viable testis [35]. Still, the effect of surgery on fertility 
parameters has not been addressed [35]. A more recent study has examined testis- 
sparing surgery’s effect on gonadal function in eight patients with stage 5 TARTs 
[36]. Tumor enucleation has resulted in no improvement of semen parameters, 6 and 
22 months after the operation. As far as hormonal parameters are concerned, various 
changes have occurred, even though inhibin B concentrations have remained low in 
all patients. Two patients have demonstrated decrease in testosterone concentra-
tions, indicating further gonadal damage attributed to surgery [36]. Based on the 
findings mentioned above, the role of surgery in the restoration of fertility remains 
uncertain. Hence, until new evidence is produced, surgical treatment should only be 
considered in cases of pain or discomfort caused by the tumor [11].

Apart from TARTs-specific treatments, classical assisted reproductive technolo-
gies (ART) have been applied in patients with TARTs. Yang and colleagues have 
reported the successful use of clomiphene citrate (25 mg daily) in a patient with 
TARTs treated with dexamethasone (initially 2 mg for 7 days, and then 0.25 mg 
daily) who has been unable to achieve pregnancy solely with steroid therapy. The 
patient’s sperm number and volume have increased, and after five cycles of intra-
uterine insemination, the couple has achieved pregnancy [37]. Rohayem and col-
leagues have described the use of gonadotropin administration (hCG 1500 IU twice 
a week and FSH 150 IU three times a week) in a patient with persistent hypogo-
nadotropic hypogonadism and TARTs despite steroid administration [38].
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Murphy and colleagues have described intracytoplasmic sperm injection (ICSI) 
in a patient on prednisolone with azoospermia and TARTs. Spermatozoa have been 
obtained via testicular needle aspiration (TESE) and used for ICSI, which has 
resulted in live birth [39]. Microsurgical testicular sperm extraction (micro-TESE) 
has also been described in non-responsive cases with functional testicular paren-
chyma [30]. Kavoussi and colleagues have reported two patients with TARTs 
accompanied by orchialgia and azoospermia despite gonadotropic stimulation [40]. 
Resection of TARTs followed by TESE and ICSI leading to live birth has been 
reported in one patient, while the other has been opted for cryopreservation. The 
pain subsided in both patients [40].

In 2014, Bry-Gauillard and colleagues have reported mitotane use for fertility 
restoration in a 29-year-old male with azoospermia and bilateral TARTs [41]. 
Mitotane, a regimen inducing “chemical adrenalectomy,” has resulted in normaliza-
tion of hormonal profile (decrease in 17-OHP, increase in FSH, LH, inhibin B). The 
TARTs sizes have decreased, and 8  months after treatment, sperm counts have 
increased. In vitro fertilization (IVF) after ovarian stimulation has resulted in birth 
of a neonate, heterozygous to the mutation of the father. As the authors have con-
cluded, mitotane can constitute as a “last resort” in patients with large, unresponsive 
tumors and severe sperm disorders (azoospermia) [41]. Of course, more data are 
required to produce definitive evidence on the drug’s effectiveness in infertility 
treatment.

 Disturbances of HPG Axis

Apart from TARTs, dysfunction of HPG axis may also cause male infertility. 
Hypogonadism remains a challenging concept, as males with CAH may present 
with normal or even increased testosterone concentrations, instead of decreased, 
due to excessive adrenal androgen production [42].

Given that no methods to differentiate adrenal from testicular androgens have 
been described, Engels and colleagues have proposed using androstenedione-to- 
testosterone (A/T) ratio to categorize patients in three categories based on androgen 
production source [22]. Those with testicular androgen production present with A/T 
values <0.5, those with adrenal origin present with values ≥1, while cases in 
between represent significant adrenal involvement [22].

 Primary Hypogonadism

The principal cause of primary (hypergonadotropic) hypogonadism in patients with 
CAH is TARTs causing testicular dysfunction. A study of 50 men with CAH due to 
21-hydroxylase deficiency has detected increased FSH concentrations in 11 patients 
[30]. Nine of them (82%) have presented with TARTs, whereas only two (12%) have 
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had no abnormalities in testicular ultrasound [30]. Similar findings have been 
observed in the study by Bouvattier and colleagues [3]. Increased FSH concentra-
tions have been associated with TARTs presence. Seminal abnormal parameters have 
further demonstrated testicular damage and markedly decreased inhibin B levels.

 Secondary Hypogonadism

Apart from eugonadism and primary hypogonadism, secondary (hypogonadotropic) 
hypogonadism seems to be a common entity among patients with CAH [3, 23, 30]. 
Adrenal steroids, produced in excess because of CAH, can be aromatized to estro-
gens and interfere with gonadotropic secretion. As a result, infertility may occur [43].

The exact prevalence of hypogonadotropic hypogonadism varies among studies. 
Variability in definitions leads to heterogeneity in prevalence estimation. In the 
study by Bouvattier and colleagues, 62 of 164 (37.8%) men have presented with 
decreased LH concentrations [3]. King and colleagues have reported that 26 of 50 
patients (52%) have had at least one low LH value [30]. A study on 22 CAH patients 
have demonstrated that eight of them have had decreased serum testosterone con-
centrations with three have also exhibited low basal LH concentrations [23]. Finally, 
Engels and colleagues have reported that 12 of 90 patients with CAH have pre-
sented with low LH concentrations [22]. In the same study, an A/T ratio value >1.0 
have been associated with reduced gonadotropin concentrations (OR 39.3, 95% CI 
2.1–732.4). Therefore, the authors have stressed the role of adrenal androgens in the 
pathogenesis of secondary hypogonadism. Given the retrospective nature of the 
data, caution is required in their interpretation [22].

As far as treatment options are concerned, even though no prospective evidence 
for hypogonadotropic hypogonadism exists, retrospective data suggest that com-
mencement, intensification, or altering glucocorticoid treatment seems to restore 
hormonal, seminal parameters, and fertility (nine patients) [30]. This has also been 
demonstrated in cases with NCAH (see below). Of note, glucocorticoid administra-
tion has uncovered a hypergonadotropic hypogonadism in one patient [30]. In non-
responsive cases, gonadotropin administration and ICSI with or without micro-TESE 
constitute possible alternatives [30].

Nonclassical CAH (NCAH) data is less abundant, mainly there are four case 
reports. Augarten and colleagues have reported secondary infertility in a patient 
with hypogonadotropic hypogonadism and poor semen quality. Treatment with 
prednisolone 10 mg daily has resulted in normalization of hormonal and seminal 
profile and fertility restoration, resulting to his second child a few months after 
treatment [44]. Wischusen and colleagues have stressed the reversible nature of 
NCAH-related hypogonadotropic hypogonadism and infertility in a patient receiv-
ing 0.5  mg dexamethasone daily, whose spouse has achieved pregnancy [45]. 
Finally, Trakakis and colleagues have reported a couple with NCAH and two failed 
IVF attempts, both wife and the husband have been treated with hydrocortisone 
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30 mg daily, and pregnancy has been achieved. As the authors stated, ART should 
only be reserved for patients unresponsive to glucocorticoid administration [46].

Disturbances in HPG axis and semen production can be attributed to overtreat-
ment with glucocorticoids [23]. They may be the consequence of glucocorticoids’ 
direct effect or weight gain [34]. Increased body weight alone can lead to hypogo-
nadotropic hypogonadism, semen disturbances, and infertility in otherwise healthy 
males [47]. This observation has been shown in males with CAH, as well [6]. More 
specifically, males with CAH and abnormal semen parameters exhibit increased 
total and truncal fat mass and fat/lean mass ratio compared with males with CAH 
and normal semen [6]. Consequently, establishing optimal glucocorticoid dosage, 
when intensification is not required, constitutes an important step in infertility man-
agement [34]. Weight loss and adoption of a healthy lifestyle can also support fer-
tility [6].

 Sexuality Disorders

Even though CAH constitutes a disorder of sexual development (DSD) in women, 
primarily due to androgen excess in fetal period, its exact effect on male sexuality 
remains unknown [48]. Data are limited for robust conclusions to be drawn. Apart 
from fertility, sexuality disorders can greatly impair well-being and quality of life 
[4]. Hence, identifying and treating them should be a part of CAH clinical care.

A recent multinational European cohort study of patients with CAH treated in 
specialized centers has demonstrated comparable age of sexual debut, frequency of 
intercourse and sexual satisfaction with the general population [49]. Of note, dis-
ease severity (attributed to genotype) has been shown to negatively associate with 
sexual activity. Furthermore, a slightly increased prevalence of sexual desire prob-
lems has been reported in the cohort. More specifically, lack of sexual desire has 
been reported in 17.6% of males with CAH, compared with 11.7–15.7% in general 
population. Excessive desire has also been more frequent (23.1% versus 5–10%, 
respectively). As far as premature ejaculation is concerned, it has been reported by 
25% of the patients [49].

Erectile dysfunction has been also studied. The aforementioned study has 
reported a slightly increased prevalence (18.7%) compared with the general popula-
tion (12–23%, mean 16.2%) [49]. Other studies have reported increased estimates 
(55% and 41%) [4, 50]. Such differences can be attributed to different methods used 
to measure erectile dysfunction (standardized questionnaires or self-reports). 
Nevertheless, patients with CAH should be screened and treated for erectile 
dysfunction.

In conclusion, men with CAH constitute a distinct population displaying dys-
functional aspects of sexuality. These include desire problems and erectile dysfunc-
tion. In the future, larger studies can provide more precise estimates, focus on 
addressing confounding factors interacting with sexuality, and assess the efficacy of 
different treatment methods.
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 Conclusion

Infertility constitutes a common problem among males with CAH.  A treatment 
algorithm is provided in Fig. 2. Additional causes of male infertility should always 
be sought for and treated. The management begins in adolescence at latest with 
ultrasonographic controls for TARTs and sperm cryopreservation if required. The 
specific TARTs stage leads to appropriate therapeutic approaches. These include 
glucocorticoid intensification, surgery for pain relief, and classical ART strategies. 
Lifestyle changes may facilitate fertility. Despite TARTs, patients with CAH pres-
ent with different forms of hypogonadism with variable testosterone concentrations; 
hence, the A/T ratio should be used for the diagnosis. Finally, sexual history should 
be obtained, and sexual disorders need to be addressed.

Child / Adolescent
with CAH

Adult
with CAH

Inform about TARTs
US screening annually

Seman analysis,
if possible

Fertility desired?

Yes

No

No

Specialist refreral

TART present?

No

Yes

Glucocorticoid
intensification

Investigate and treat
other infertility causes a

Genetic counseling

Monitor for TARTs
Genetic counseling

No treatment necessary

A/T ratio ≥1
Decreased LH, FSH

Glucocorticoid
intensification

OR
Gonadotropin stimulation

No

TART size decrease?
Semen or hormonal

improvement? Yes
Monitor fertility

ART
[clomiphene,   -hCG + FSH,

ICSI, micro-TESE]
Mitotane Surgery

ART

TART or gonadal
dysfunction?

Yes

Semen cryopreservation

β

Fig. 2 Proposed CAH management algorithm for children and adults seeking fertility. aSee Fig. 1. 
ART assisted reproductive technologies, A/T androstenedione-to-testosterone, β-hCG beta-human 
chorionic gonadotropin, CAH congenital adrenal hyperplasia, FSH follicle-stimulating hormone, 
ICSI intracytoplasmic sperm injection, LH luteinizing hormone, TARTs testicular adrenal rest 
tumors, TESE testicular sperm extraction
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 Introduction

Although in a large proportion of infertile couples no specific cause is identified [1], 
in the majority, infertility can be attributed to either male or female factor. Female 
factor is mainly due to advanced female age, low ovarian reserve, tubal occlusion 
[1], endometriosis [2], uterine malformations [3], or certain endocrine disorders, 
such as congenital adrenal hyperplasia [4].

The term congenital adrenal hyperplasia (CAH) represents a group of autosomal 
recessive disorders. Genes that cause CAH are responsible for the expression of 
enzymes that have key roles in cortisol biosynthesis. Mutations in these enzymes 
are usually associated with decreased cortisol production and androgen excess [5].

The most frequently encountered form of CAH is due to 21-hydroxylase defi-
ciency (21-OHd) (over 95% of all CAH cases). Less frequent forms are due to defi-
ciency of 11β-hydroxylase (11β-ΟΗ), 17α-hydroxylase (17-OH), 3β-hydroxysteroid 
dehydrogenase type 2 (3βHSD2), steroidogenic acute regulatory protein (StAR-
congenital lipoid adrenal hyperplasia), P450 cholesterol side chain cleavage 
(P450scc) and P450 oxidoreductase (POR).

Clinically, 21-OH deficiency (21-OHd) CAH can be categorized as classical and 
the nonclassical (NCAH) form, depending on the residual activity of the affected 
enzyme. Nonclassical form is more frequent than the classical form (incidence 1:1000 
vs 1:10,000 to 1:20,000 live births, respectively) and is characterized by 20–50% of 
residual enzyme activity. The classical type is further subcategorized into two forms, 
the more frequent (75%) salt-wasting form, in which the enzyme is completely defi-
cient, and the simple virilizing form, in which residual enzyme activity is 1–2%.
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For many years, it has been considered that achievement of pregnancy in women 
with CAH is infrequent [6], the main responsible factors are hyperandrogenism and 
anovulation. In recent years, however, pregnancy rates have improved due to the 
availability of hormonal therapy, minimal invasive surgery and of medically assisted 
reproduction [7]. This chapter provides an overview of contemporary methods used 
for fertility treatment of women with classical and nonclassical CAH mostly due to 
21-OHd as it is the most prevalent form.

 Targets of Fertility Treatment in Women with Classical CAH 
and NCAH

 Hyperandrogenaemia and Anovulation

The majority of women with CAH are characterized by hormonal imbalance which 
is due to alteration of the hypothalamic–pituitary–gonadal (HPG) axis, causing 
hyperandrogenaemia and anovulation [7, 8]. Menstrual irregularities and anovula-
tion manifest in 30–68% of women with the salt-wasting form and in 30–75% in 
women with the simple virilizing form [9]. Hyperandrogenaemia, which is one of 
the main characteristics of polycystic ovary syndrome (PCOS) [10, 11], is often 
found in both classical CAH and NCAH [12]. The PCOS in these patients is second-
ary to the hormonal changes caused by 21-OHd [13]. In fact, 33% of women diag-
nosed with PCOS may suffer from NCAH [7].

 Disorders of Female Anatomy in Women with Classical CAH 
and NCAH

Women with more severe classical forms are categorized as a specific subtype of 
sexual development disorders [14]. Ambiguous genitalia is frequently encountered 
in these women due to their exposure to high androgen levels of adrenal origin dur-
ing embryonic life. Despite the fact that internal reproductive organs remain nor-
mal, clitoromegaly, labial fusion and rostral migration of urethra/vaginal perineal 
orifice are frequently encountered [15]. These may explain why these women, in 
whom homosexual orientation is common [16], tend to have fewer partners [8], 
decreased frequency of sexual intercourse and why they do not seek for motherhood 
frequently [17, 18].
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 Fertility Treatment in Women with Classical CAH and NCAH

 Restoration of Hormonal Imbalance

 Medical Treatment

A daily dose of 0.25 mg dexamethasone has been suggested for the treatment of 
anovulation, hirsutism and acne in women with NCAH. Treatment for 3 months has 
been associated with a reduction in irregular menstruation and acne, while a longer 
period of treatment (about 30 months) is required for the management of hirsutism 
[19, 20]. Women with the salt wasting classical CAH form need mineralocorticoid 
replacement therapy in addition to dexamethasone [5, 7]. In contrast to women with 
NCAH, they are usually anovulatory and are characterized by elevated progesterone 
levels in follicular phase which is suggested to be less than 2 nmol/L [4, 21, 22].

Glucocorticoid treatment in adults is usually adjusted on a per patient basis, 
attempting to find the minimum effective maintenance dose determined by a com-
bination of clinical and biochemical markers [23]. In a series of 80 female patients 
with mostly 21-OHd CAH, 37% with the salt-wasting form have been treated with 
hydrocortisone (median 30  mg, range 15–40), 53% with prednisolone (median 
7 mg, range 4–10), 4% with dexamethasone and 5% with a mix of glucocorticoids. 
All of these patients have been administered fludrocortisone (median 175 μg, range 
50–400). In addition, 12% of patients with simple virilizing CAH have received no 
treatment, 42% have been treated with hydrocortisone (median 20  mg, range 
15–30), 31% with prednisolone (median 5 mg, range 3–75), 3% with dexametha-
sone, 12% with a mix of glucocorticoids and 38% with fludrocortisone (median 
100 μg, range 0–200) [23].

 Surgical Treatment

Bilateral laparoscopic adrenalectomy is known to restore the hormonal imbalance, 
especially in patients with the classical CAH form, and this may be superior to 
medical therapy in some cases [24]. However, according to the Endocrine Society, 
it should be considered only in selected cases of infertile females with the salt wast-
ing classical form, where medical treatment has failed. Bilateral laparoscopic adre-
nalectomy decreases the risk of virilization and allows treatment with lower 
glucocorticoid doses. However, it may induce the loss of residual adrenal function 
and lead to adrenal crisis [20].
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 Restoration of Female Anatomy

The majority of patients with classical CAH are sexually active and satisfied follow-
ing urogenital reconstructive surgery, which is characterized by a low incidence of 
complications. However, there are patients who complain about sexual impairment 
and a low satisfaction experience [25]. Vaginal stenosis is frequent (25%), while 
additional complaints include impaired clitoral sensitivity, dyspareunia and low fre-
quency of sexual intercourse with a low female sexual function index score [25].

In the past, feminizing genitoplasty had usually been performed in early infancy 
or during the patient’s first year of life. The skin at this stage of development is 
exposed to high post-natal residual maternal and placental oestrogen that influence 
positively the healing process, decreasing scar formation [26]. However, recent data 
show that feminizing genitoplasty in early life may be associated with loss of sexual 
sensitivity and dyspareunia during the adult life [27, 28]. In addition, procedures 
that aim restoring female anatomy, especially when performed in patient’s early 
life, are associated with legal and ethical concerns, since individual autonomy and 
informed consent by the patient herself are considered essential during counsel-
ling [28].

 Ovulation Induction

Although restoration of ovulation is possible with surgical and/or medical treatment 
with glucocorticoids and mineralocorticoids, some women with classical CAH and 
NCAH forms will remain anovulatory. Ovulation induction can be achieved in these 
patients with the addition of clomiphene citrate (CC) in the treatment scheme [4, 
29–33]. However, the sole addition of CC has also been reported to result in ovula-
tion in undiagnosed patients with late onset 21-OHd [34]. Studies about ovulation 
induction in women with various CAH forms are listed in Table 1.

 Assisted Reproduction Technologies (ART)

 In Vitro Fertilization (IVF)

Women with classical CAH and NCAH forms can be treated with IVF in order to 
achieve pregnancy. Ovarian stimulation in combination with a freeze-only strategy 
[35] can be used in these patients to manage the adverse effects of elevated proges-
terone on endometrial receptivity [36, 37]. No solid conclusions can be drawn 
regarding the probability of pregnancy after IVF, since currently the existing infor-
mation is restricted to either case reports or small series of patients [38–53]. Details 
of studies about IVF in women with classical CAH and NCAH may be seen in 
Table 2.
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 Preimplantation Genetic Diagnosis

An important option in women with various classical CAH and NCAH forms 
treated by IVF is the ability to screen embryos with preimplantation genetic testing 
for monogenic disorders (PGT-M). This is valuable when both parents are carriers 
of a severe CAH mutation or if one parent is affected by CAH, and the other one is 
a carrier. In this case PGT-M allows the transfer of only normal embryos [17, 
20, 54].

 Oocyte Donation

Only scarce data are available regarding achievement of pregnancy after oocyte 
donation in patients with CAH, which are restricted only to case reports. A viable 
twin pregnancy after oocyte donation has been reported to occur in a woman with 
17-OH deficiency after multiple embryo transfers. This pregnancy has been compli-
cated by pre-eclampsia at 25 weeks associated with adrenal insufficiency and has 
resulted in an emergency caesarean section [55].

Table 1 Studies about ovulation induction in women with various congenital adrenal 
hyperplasia forms

Study (reference) Patients
Age 
(years) CAH type Ovulation induction Outcome

Birnbaum and 
Rose [29]

48 – Classical CAHa

11β and 21-OHd
Prednisolone/
clomiphene citrate 
and prednisolone only

64% 
pregnancy 
rate

Jain [30] 1 24 21-OHdb Prednisolone/
clomiphene citrate

Live birth

Khoury et al. [31] 1 26/28c Classical CAH
StAR gene 
mutation
CLAHd

Glucocorticoids/
mineralocorticoids/
clomiphene citrate

Live birth

Purwana et al. 
[32]

1 30 NCAHe

21-OHd
Hydrocortisone/
clomiphene citrate

Live birth

Simm and 
Zacharin [33]

1 26 Classical CAH
11β-hydroxylase 
deficiency

Glucocorticoids/
mineralocorticoids/
clomiphene citrate

Live birth

Laohaprasitiporn 
et al. [34]

1 31 NCAH
21-OHd

Clomiphene citrate Live birth

aClassical congenital adrenal hyperplasia
b21-Hydroxylase deficiency
cThe patient underwent two trials at the age of 26 and 28 years
dCongenital lipoid adrenal hyperplasia
eNonclassical congenital adrenal hyperplasia
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 Treatment During Pregnancy in Women with Classical CAH 
and NCAH

Glucocorticoid treatment enables conceiving, prevents early pregnancy loss and 
improves pregnancy outcomes in many 21-OHd CAH cases. In a study inquiring 
187 pregnancies of 85 women with 21-OHd NCAH (2/3 have had mild/severe 
mutations), glucocorticoid treatment has clearly found to lower miscarriage rates; 
26.3% vs 6.5% [56]. Another study about 187 pregnancies of 75 women with 
21-OHd NCAH (84% homozygous for V281L mutation; a mild mutation), gluco-
corticoid treatment has been found to shorten the time to conceive; 10.2 ± 11.4 months 
vs 3.3 ± 3.4 months (p = 0.02) [57]. Females with 21-OHd who wish to conceive 
can achieve pregnancy with adequate suppression of follicular-phase serum proges-
terone less than 2 nmol/L (0.6 ng/mL) and early morning 17-OHP below 8.0 ng/ml 

Table 2 Details of studies about IVF in women with classical CAH and NCAH

Study (reference) Patients Age (years) Enzyme deficiency
Outcome 
(live births)

Classical CAH

Albarel et al. [38] 1 25 StAR gene mutation
CLAH

1

Bianchi et al. [39] 1 29 17-OHd 1
Falhammar et al. [40] 1 43 17-OHd 1
Kitajima et al. [44] 1 24 17-OHd 2
Levran et al. [45] 5 41

38
38
33
–

17-OHD/17,20 desmolase 
deficiency

1/5

Matsuzaki et al. [46] 1 26 17-OHd 0
Neuwinger et al. [47] 1 28 17-OHd 0
Pariente et al. [48] 1 30 17-OHd 0
Pellicer et al. [49] 1 31 17-OHd 0
Rabinovici et al. [50] 1 30 17-OHd 0
Sertedaki et al. [51] 1 25 StAR gene mutation

CLAH
1

Song et al. [52] 1 28 PORD
P450 oxidoreductase 
deficiency

1

Nonclassical CAH

Falhammar et al. [41] 1 31 21-OHd 0
Jiang et al. [42] 25 32.2 ± 4.4

(mean ± SD)
21-OHd 19/39a

Kawarai et al. [43] 1 38 21-OHd 1
Trakakis et al. [53] 1 32 21-OHd 0

aPositive human chorionic gonadotropin/embryo transfer
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and androstenedione within normal limits [22, 56, 58]. Hydrocortisone 20–25 mg/
day or prednisone 2.5–5  mg/day is recommended for maintenance once preg-
nancy occurs.

Pregnancy in women with classical CAH and NCAH should be closely moni-
tored, in order to avoid over- and undertreatment, if glucocorticoid and/or mineralo-
corticoid therapies are given [4].

 Changes in Hormonal Values

During pregnancy, women with 21-OHd show a significant increase of steroids hor-
mones, which should be taken into account when interpreting results using trimester- 
specific reference intervals for healthy women. In addition, changes in hormonal 
levels vary with time in this population. For instance, 17-hydroxyprogesterone lev-
els rise progressively, while androstenedione levels rise up to 80% by the end of the 
first trimester and subsequently remain steady until the end of the gestation. 
Moreover, progesterone levels are four times lower in the first trimester as com-
pared to the third trimester of gestation [59]. As maternal 17-OHP is also elevated 
in normal pregnancy, it is no use in monitoring glucocorticoid treatment in 
21-OHd CAH.

 Treatment During Pregnancy

During pregnancy, hydrocortisone and prednisolone represent the most appropriate 
treatment options in women with CAH, since both are metabolized by placenta and 
exert no adverse effect on foetus [18, 60–62]. Treatment dose varies according to 
gestational age. Progesterone, due to its anti-mineralocorticoid effect, necessitates 
the use of higher doses of fludrocortisone during the third trimester [63]. In addi-
tion, daily hydrocortisone dose can be increased by 20–40% (5–7.5 mg) in the third 
trimester, if the pregnant CAH case exhibit signs and symptoms of adrenal insuffi-
ciency [64].

 Complications During Pregnancy

Overtreatment with glucocorticoids in pregnancy can lead to gestational diabetes, 
hypertension, excessive weight gain, bruising, oedema and pre-eclampsia. On the 
other hand, in case of undertreatment, hyperemesis and adrenal crisis may occur 
[65]. If adrenal crisis occurs during pregnancy, management do not differ compared 
to non-pregnant patients [4].
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 Introduction

Congenital adrenal hyperplasia (CAH) refers to a group of autosomal recessive dis-
orders caused by enzymatic defects in adrenal steroidogenesis. Cortisol deficiency 
causes elevation in adrenocorticotropic hormone (ACTH) concentrations and over-
production of adrenal androgens in virilizing forms of CAH [1]. 21-Hydroxylase 
deficiency (21-OHd) is the most common type and constitutes for more than 
90% of CAH.

The microsomal enzyme 21-hydroxylase (P450c21) is encoded by CYP21A2 
gene located on chromosome 6p21.3 region. Recombinations between the active 
gene CYP21A2 and pseudogene CYP21A1P are responsible from most of the muta-
tions. CYP21A2 and CYP21A1P have a distance of 3.1  kB, and they are highly 
homologous with a sequence similarity of 96–98%. Unequal crossing over during 
meiosis can result in duplications or deletions in the active gene. Gene conversions 
can transfer deleterious mutations from CYP21A1P to CYP21A2 and may induce 
enzymatic defects. Due to these chromosomal arrangements of the active gene and 
pseudogene, deletions and gene conversion events are fairly common in 21-OHd 
[1–3]. Consequently, complexity of this locus makes genotyping difficult in 
21-OHd. Accuracy of molecular diagnosis in CAH, particularly for 21-OHd, is cru-
cial for appropriate genetic counseling of families for their future offsprings. It is 
recommended that genetic testing for CYP21A2 must be provided by certified 
molecular laboratories with the experience to analyze this gene [4].
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In females with virilizing CAH, like 21-OHd, 11β-hydroxylase deficiency (11β- 
OHd) also causes genital ambiguity via the increase in adrenal androgens [5]. 
Adrenocortical function arises about the 7th gestational week (gw), and a female 
fetus with CAH is exposed to elevated concentration of androgens at a critical time 
of sexual differentiation between the 8th and 12th gw [6]. This prenatal androgen 
exposure results in clitoromegaly, labioscrotal fusion, and common urogenital sinus. 
Therefore, sex assignment may be difficult, and multiple corrective genital surgeries 
may be required in the postnatal period [7]. Suppressing adrenal androgens in 
female fetuses with CAH has been of a major interest for a long time [8].

Prenatal diagnosis and treatment of CAH and long-term outcomes of prenatal 
treatment will be reviewed in this chapter.

 Pretenatal Diagnosis

Couples who are at risk of having a child with CAH often ask for genetic counseling 
for their future offsprings. An accurate diagnosis of CAH requires correct molecular 
genetic diagnosis of the index case in the family. The risk of transmitting disease to 
a potential fetus, all the updated information about the disease, and its consequences 
should be provided to the parents during counseling.

The aim of prenatal diagnosis in CAH is to commence prenatal treatment in early 
gestation to prevent virilization of external genitalia in affected female fetuses. 
Eventually, the need for genital surgery and the risk of sex misassignment and gen-
der confusion may be reduced. Until today, several approaches for prenatal determi-
nation of fetuses with CAH have been used. Owing to advances in molecular genetic 
methods, more-targeted approaches will increasingly become available.

 Hormonal Measurements in Amniotic Fluid

Improvement of techniques in culturing fetal cells from amniotic fluid and imple-
mentation of amniocentesis (AS) has enabled present-day prenatal diagnosis [1, 9]. 
Previously, diagnosis of CAH had been based on hormonal measurements of amni-
otic fluid. In early studies, excess amniotic fluid 17-ketosteroids and pregnanetriol 
concentrations had been detected in a 40th gw affected fetus [3, 10]. The technique 
had been improved by detection of elevated testosterone and 17- hydroxyprogesterone 
(17-OHP) in the amniotic fluid of affected fetuses in the second trimester [11]. 
Amniotic fluid androstenedione and 21-deoxycortisol concentrations had also been 
additional useful assays [12]. Because the AS is performed later than critical period 
of sexual differentiation, this approach does not prevent the virilization of a female 
fetus, so it is no longer applied. Other limitations are unreliability if the mother is 
treated with dexamethasone (androgen production is suppressed in fetal adrenal), 
and 17-OHP may not increase significantly in some types of 21-OHd [6].
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 HLA Haplotyping in Amniotic Fluid

CYP21A2 and CYP21A1P are located in close proximity to the major histocompat-
ibility complex (HLA). Before the cloning of CYP21A2 gene, HLA typing had 
been the preferred technique for the diagnosis of 21-OHd prenatally. This tech-
nique is based on the genetic linkage disequilibrium, by which proximally located 
genes are inherited together [6, 13]. The first prenatal diagnosis of CAH by HLA 
typing of fetal cells had been reported in 1979 [14, 15]. This technique cannot be 
applied before the second trimester due to the requirement of AS. Since genital 
organogenesis has already occurred at this period, the possibility of treating an 
affected female fetus and preventing virilization is missed [16–19]. The HLA hap-
lotyping had also been not useful in cases with a misdiagnosed proband or without 
a proband [18]. Intra-HLA recombination events unlinking the HLA and the 
CYP21A2 gene had been reported, as well. Some HLA alleles are expressed weakly 
in cultured amniocytes [6, 18]. Therefore, the HLA typing procedure is no longer 
applied.

 Molecular Genetic Analyses

Sequencing of the CYP21A2 gene is frequently used for the molecular diagnosis of 
21-OHd in the postnatal period. However, for prenatal diagnosis, only when the 
mutation in a previously affected child or parent is clearly identified, CYP21A2 
sequencing procedure becomes reliable.

Congenital adrenal hyperplasia can be diagnosed by chorion villus sampling 
(CVS) at 10th to 12th gw and by AS at 16th to 20th gw. The former is the currently 
preferred procedure over AS that allows the diagnosis in the first trimester of preg-
nancy. The earliest possible prenatal diagnosis using these methods is later than 9th 
gw, meaning that male and unaffected female fetuses will also be treated unneces-
sarily. In addition, both AS and CVS are invasive procedures, with a risk to the 
mother and fetus to a certain extent. Therefore, CAH must be diagnosed before the 
start of genital organogenesis, so that only the affected female fetus will be 
treated [5].

The course of sexual differentiation in a female and application of diagnostic 
procedures according to gestational weeks are illustrated in Fig. 1.

Recent advances in CYP21A2 genotyping have made molecular analysis of fetal 
DNA, the ideal diagnostic method for fetuses at risk for 21-OHd, possible [16]. 
During prenatal diagnosis, in a small percentage of cases, problems occur mostly 
due to undetectable mutations, allele dropout (ADO), or maternal DNA contamina-
tion [16, 20, 21]. Analysis of a CVS material may create a false-positive or false-
negative result if the fetus and placenta are discordant genetically. However, this is 
not a problem in AS because fetal cells that have been shed into the amniotic fluid 
are directly evaluated [22].
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 Cell-Free Fetal DNA (cffDNA)

Prenatal treatment in CAH should be commenced before the differentiation of 
external genitalia before 8th gw. Noninvasive prenatal testing (NIPT) including 
cell-free fetal DNA (cffDNA) from maternal blood is a promising procedure that 
can be applied for the prenatal diagnosis of 21-OHd [2].

Lo and colleagues [23] have been the first to describe the high concentration of 
cffDNA in maternal plasma. In early periods of gestation, a mean 3.4% of total 
DNA in maternal plasma is of fetal DNA. In maternal blood, fetal DNA molecules 
circulate among a background of maternal DNA sequences. Because the maternally 
inherited fetal allele is genetically identical to maternal sequences, the allele that the 
fetus inherits from the father is fetal-specific sequence in maternal blood.

Fetal genotype can be assessed through detection of a unique molecular charac-
teristic of paternally inherited fetal allele by using cffDNA. Y chromosome or the 
sex determining region Y (SRY) gene, and paternally inherited mutations or poly-
morphisms are examples of these unique features. If the parents carry a different 
mutation, prenatal assessment of CAH may be provided by excluding the paternal 
mutation. Furthermore, detection of a wild-type allele in the father may rule out the 
disease, if the parents have the same mutation [16].

The first successful sex determination in a fetus at risk for 21-OHd has been 
reported by Rijnders and colleagues by the detection of SRY gene in maternal blood 
[24]. Bartha and colleagues [25] have accurately identified the male fetus as early as 
6th gw. An algorithm for prenatal diagnosis has recommended SRY testing at 5th 
gw. Serial testing is suggested until 11th gw or until a male fetus is detected in two 
different samples. If the fetus is found to be 46,XY, then CVS is not required [26]. 
This protocol has the advantage of reducing the need for invasive diagnostic proce-
dures and also the time of exposure to unnecessary treatment in male fetuses [16]. 

0 5 10 15 20 25 30 35 40 gw

Urogenital
sinus

Lower GU tract

Vagina

Uterus

Clitoromegaly

Differentiation of external genitalia

NIPT CVS AS

Adrenal hormone synthesis 

Fig. 1 Sexual differentiation in a female. Adrenocortical function arises about 7th gw. NIPT by 
using cell-free fetal DNA in maternal plasma allows earlier diagnosis and treatment initiation 
around 6–7 gw. By using invasive diagnostic procedures like CVS or AS, time of treatment initia-
tion coincides after the external genitalial differentiation starts.gw gestational week, NIPT nonin-
vasive prenatal testing, CVS chorion villus sampling, AS amniocentesis, GU genitourinary
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In some reports, prenatal sex determination by SRY can be determined as early as 
4  weeks and 5  days [27]. Although reports of sex determination by NIPT using 
cffDNA show great promise, confirmation of the results is necessary before such a 
protocol can routinely be applied.

Fetal sex determination is a relatively clear procedure and depends on the pres-
ence or absence of Y chromosome sequences [2, 27]. However, sex determination 
only avoids the unnecessary treatment in males, not in unaffected females. Molecular 
genetic diagnosis is necessary to prevent treatment of unaffected female fetuses. 
Mutation detection is technically difficult because most of the mutations in CYP21A2 
are caused by gene conversion events, so they are also present in fetal (and mater-
nal) DNA. Next-generation sequencing (NGS) technology has been used for the 
detection of single-nucleotide polymorphism (SNP) haplotypes around the 
CYP21A2 gene. By using this technique, millions of reads of small fragments 
(100 bp) are created and organized into longer sequences. It is straightforward to 
detect paternal alleles if they are not present in maternal plasma. To identify the 
maternal allele is difficult because the maternal allele of the fetus is present only in 
2% excess over the other allele. High-sequencing depth is necessary for correct 
quantitation, but this is expensive and technically difficult by whole-genome 
sequencing (WGS). According to recent approaches, a few hundred kilobases 
around the CYP21A2 locus have been amplificated [28] or DNA has been captured 
from the target region before sequencing [29]. Both of these decrease the amount of 
sequencing. Fetuses as early as at the 8th gw have been accurately genotyped. These 
techniques are still in improvement phase but evolving rapidly.

Validation of targeted massively parallel sequencing (MPS) for noninvasive 
diagnosis of CAH using cffDNA has been first reported in 2014 [30]. In this study, 
14 families, each with an index case with classical 21-OHd and parents with at least 
one mutant CYP21A2 allele, have been evaluated using NIPT. It has been concluded 
that the fetal sex and CAH genotype are correctly detected by using this method. In 
a family, CAH status has been detected from maternal plasma as early as 5 weeks 
and 6 days. It is also suggested that this new noninvasive technique will prevent 
risks caused by invasive procedures like CVS or AS. The superiority of this method 
is the treatment of the affected female fetus only, thus preventing unnecessary treat-
ment in unaffected fetuses [30]. It should be emphasized that cffDNA testing does 
not fully replace the invasive diagnostic procedures and confirmation is still 
required [31].

Massive parallel sequencing is more complicated than detecting only specific 
CYP21A2 mutations. This technique necessitates targeted MPS of genomic DNA 
from the affected proband and parents. The SNPs on both sides of the CYP21A2 
locus allow to build haplotype blocks that are required to detect paternal and 
maternal allele characteristics. Dosage analysis quantifies the DNA inherited 
from the father and the mother, taking into account the mother’s own alleles as 
well as those she has transmitted to the fetus. If the fetus has inherited a CAH-
linked haplotype, a linked SNP will show more DNA than if not [32]. It is difficult 
to differentiate the fetal and maternal alleles in the maternal blood. These techni-
cal problems limit extensive use of cffDNA for the diagnosis of fetal monogenic 
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disorders [33]. However, there have been recent successful reports about sequenc-
ing the fetal genome using cffDNA as early as at the first trimester [32, 34]. As 
genomic sequencing technologies evolve, challenges such as accurate identifica-
tion of the fetal alleles will be defeated. Diagnosis of single-gene disorders like 
CAH from cffDNA in the maternal plasma is an exciting improvement in fetal 
genetic diagnosis, despite ethical and technical challenges in interpreting fetal 
genome data [32, 33].

The protocol for prenatal diagnosis and treatment of CAH combining NIPT with 
standard invasive diagnostic procedures has been described in Fig. 2.

 Preimplantation Genetic Testing (PGT)

It has been about 30 years after the first report of preimplantation genetic testing 
(PGT) in human embryos [22, 35]. Preimplantation genetic testing for monogenic 
diseases (PGT-M, previously preimplantation genetic diagnosis, PGD) offers a 

A couple with an index child affected with CAH 

Counseling as soon as menstruations are delayed

SRY testing by NIPT (cffDNA)
SRY test:4–5.4 gw (6–7.4 week of amenorrhea) 

SRY Negative SRY Positive 

*Dex (20µg/kg/d)
< 6 gw

Check SRY 
testing 8 gw

SRY Negative

CVS 9–10 gw
Molecular analysis
Karyotype

OR
Molecular analysis by NIPT
(may need confirmation with invasive diagnostic
procedures like CVS orAS)

NO PRENATAL TREATMENT 

No prenatal diagnosis

Evaluate at birth

OR 

AS 12–14 gw

Molecular analysis

Karyotype

Affected female with CAH
Continue Dex treatment*

Unaffected female
*Stop Dex treatment 

Preimplantation Genetic Testing
(PGT) 

Fig. 2 Illustration of an algorithm for prenatal diagnosis and treatment of CAH combining NIPT 
with invasive diagnostic procedures. *Prenatal dexamethasone treatment is still a controversial and 
experimental treatment. Therefore, a specific treatment protocol is not routinely recommended by 
clinical guidelines. CAH congenital adrenal hyperplasia, NIPT noninvasive prenatal testing, PGT 
preimplantation genetic testing, gw gestational week, Dex dexamethasone
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precious reproductive option for families at risk of having a child with a single-gene 
disorder like CAH [36]. Genetic abnormalities have been determined in preimplan-
tation embryos before the embryo transfer in PGT, so that only unaffected embryos 
are transferred [16]. There are three PGT approaches, (1) polar body biopsy, using 
female gametes (oocytes); (2) blastomere biopsy, using the 3-day, 6- to 8-cell cleav-
age stage embryo; and (3) trophectoderm biopsy, using the 5-to 6-day blastocyst 
(contains ~120 cells) [37].

 Polar Body Biopsy

Genotype of the oocyte can be determined by the analysis of the first and second 
polar bodies [38, 39]. In PGT for CAH, the first polar body from a heterozygous 
carrier mother having a mutant allele should be complemented by a primary oocyte 
having the normal allele. Oocytes with normal genetics can be fertilized in vitro and 
transferred. First polar body biopsy can occur before fertilization, thus offers the 
possibility of preconceptional diagnosis. The second polar body is not a preconcep-
tional biopsy since it is not extruded until the oocyte is fertilized.

Recombination events must be considered when diagnosing monogenic disor-
ders. If recombination between sister chromatids does not occur, the two chromatids 
of a single chromosome in the first polar body will be identical and complementary 
to the oocyte containing the homologous chromosome. The second polar body 
(chromatid only) will thus be identical in genotype to the oocyte. However, if cross-
over involves the chromosomal region containing the chromosome 6 and the 
21-hydroxylase locus, the single chromosome in the first polar body will show a 
different allele on each of its two chromatids (heterozygosity). Biopsy of the second 
polar body will be necessary in this condition, because the genotype of the segre-
gated oocyte cannot be predicted. For this reason, in almost all centers, both the first 
and second polar bodies are biopsied [39].

Paternal genotype cannot be assessed by polar body biopsy, so there will be loss 
of efficiency if the paternal genotype transmitted to the fetus cannot be evaluated. 
However, carrying a wild-type maternal allele will mean that the fetus is at least 
heterozygous (unaffected). Description of the normal maternal locus will rule out an 
affected embryo.

 Cleavage Stage Embryo Biopsy

The zona pellucida (glycoprotein layer surrounding the cleavage stage embryo) is 
breached by mechanical, laser, or chemical means to extract a cell containing DNA 
(blastomere). Only a single cell is typically removed because even one fewer cell at 
this stage is believed to reduce survival of the embryo as much as 10% [39, 40].
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 Blastocyst Biopsy

The cleaving embryo (morula) has enlarged by 5–6 days (cell number ~120). The 
embryo exists in the form of a blastocyst. The inner cell mass (embryo per se) is 
readily differentiated from the trophectoderm (placenta per se). The blastocyst 
biopsy is the preferred procedure in PGT. At this stage, biopsy is technically easier 
compared to cleavage stage or polar body and more DNA can be obtained [41].

Importantly, specific markers around the gene of interest having the pathogenic 
variant are used to screen for the presence of the pathogenic variant itself rather than 
sequencing. Embryos that carry either no copies of the affected allele or only one 
copy (indicative of carrier status) can then be implanted [42].

When PGT is applied for single-gene disorder like 21-OHd, SNPs or short tan-
dem repeats (STRs) should be used for linkage analysis. This is required to exclude 
allele dropout (ADO), that may include the mutant allele. Explanations for ADO are 
dsDNA breaks or failure of host DNA to anneal with its intended primer. This prob-
lem will cause the conclusion that the single allele has been the only allele present 
in embryo. If ADO is involved in a mutant recessive allele and has not been recog-
nized, the embryo will be assumed as (homozygous) normal. The ADO results from 
preferential allele specific amplification and can lead to misdiagnosis of the genetic 
status of the oocyte/embryo [43]. Therefore, PGT procedures should include several 
linked polymorphic microsatellite markers flanking the disease gene in order to 
reduce these problems [44].

Invasive diagnostic testing to confirm the results of PGT is strongly encouraged 
because the methods used have technical limitations that include the possibility for 
false-negative results [22].

Although prenatal diagnosis of 21-OHd CAH is the most studied and reported 
one, the same molecular approaches and PGT procedures may be applied for other 
types of CAH, including 11β-OHd, 3β-hydroxysteroid dehydogenase deficiency 
(HSD3B2), and for other rare forms.

 Prenatal Treatment

Considerable interest has focused on prenatal treatment of CAH, particularly on 
21-OHd, for many years. Nevertheless, prenatal treatment is still regarded as con-
troversial and experimental for several reasons.

Treatment of a mother during pregnancy to reduce virilization of a female fetus 
with CAH had been first reported by David and Forest, in 1984 [45]. Dexamethasone 
is the preferred glucocorticoid for prenatal treatment because of its long half-life, its 
ability to cross the placenta (not metabolized by placental 11β-HSD2) and suppress 
fetal ACTH secretion, consequently decrease androgen concentrations.

The original experimental approach for prenatal treatment of 21-OHd has been 
to use dexamethasone in early pregnancy (before 6th gw). This approach requires 

Z. Yavas Abali and T. Guran



135

approval of parents who are heterozygous for a CYP21A2 mutation. After fetal sex 
determination by AS or CVS, treatment can be terminated in 46,XY fetuses. As 
21-OHd is a autosomal recessive disease, one in four children may be affected and 
only one in eight are affected females. Therefore, seven of eight fetuses will be 
unnecessarily treated during early stage of development.

In prenatal treatment protocol, the recommended dexamethasone dose is 20 μg/
kg/day for maternal prepregnancy weight (maximum 1.5  mg/day). For a 60-kg 
mother, this dose is 1.2 mg/day, and it is approximately six times more than the 
physiologic dose [46, 47]. Protocols using lower dexamethasone have not been 
reported for prenatal treatment, and it is still not clear why such a high dose has been 
suggested [27]. Cortisol concentration of the fetus is low in very early gestation, 
rises during 8th to 12th gw during external genitalial differentiation [48], and it is 
only about 10% of maternal levels during midgestation [46, 47], and then increases 
during the third trimester. This high prenatal treatment dose results in fetal levels 
30–60 times higher than normal and may cause elevation in fetal glucocorticoid 
concentration exceeding physiological midgestation levels [49, 50].

In a pregnancy which the fetus is treated until term, the efficiency of the treat-
ment is monitored with maternal serum DHEAS (from 7th gw) and estriol measure-
ments. Low DHEAS concentrations mean adequate fetal adrenal suppression, 
whereas low estriol concentration is a sign of maternal adrenal suppression and 
compliance [51]. It has been reported in several studies that treated infants with 
CAH have been less virilized than their untreated affected sisters, if their treatment 
have been initiated on time and mothers are compliant to treatment [51, 52].

To prevent genital virilization in 21-OHd or 11-OHd females, treatment must be 
started before the start of genital sensitivity to androgens, latest at the 7th gw or 9th 
week of amenorrhea [4]. This protocol results in unnecessary steroid treatment in 
seven out of eight potential fetuses, since fetal genotyping is usually not possible 
before 10–12 gw [8, 53]. The timing of initiation of dexamethasone plays an essen-
tial role in genital morphology of affected females with CAH [27]. It is suggested 
that dexamethasone must be continued until birth in female fetuses with CAH in 
order to be effective [27, 54].

The potential benefits of dexamethasone treatment are prevention or reduction of 
virilization of external genitalia and brain and the need for multiple corrective sur-
geries in the postnatal period. This treatment should be offered only to the parents 
who are heterozygotes with an affected child with CAH. Prenatal diagnosis cannot 
be performed before 6–8 gw of pregnancy while fetal sex determination may be 
performed from maternal plasma by analyzing cffDNA, avoiding dexamethasone 
treatment or early cessation of therapy in male fetuses. In female fetuses, CVS at 
12–13 gw will allow the diagnosis of CAH [4].

Animal studies have shown that in utero early exposure to dexamethasone may 
cause adverse neurodevelopmental effects. However, human studies are less clear. 
Possible relationship between prenatal dexamethasone use and neuropsychological 
development has been reported in several studies but still no consensus has been 
reached [55].

Prenatal Diagnosis and Treatment in Congenital Adrenal Hyperplasia



136

Exposure to dexamethasone from 7th to 12th gw overlaps with neurogenesis and 
neuronal migration period [53, 56]. Epigenetic processes may also have long-term 
programming effects on the development of brain. Therefore, there are still ques-
tions regarding behavioral and developmental effects of prenatal dexamethasone 
use. Although, a Swedish study has reported good school performance and psycho-
logical well-being, concerns about memory and gender behavior are not clearly 
described [55, 57]. In unaffected children who have been treated prenatally short 
term with dexamethasone, impaired verbal working memory and social anxiety 
have been described [55]. A larger follow-up study analyzing cognitive outcomes in 
fetuses exposed to dexamethasone has not demonstrated impaired working memory. 
However, this study has found slower mental process in prenatally treated females 
with CAH compared to controls [58].

Previous researches have mostly interested in the second and third trimester 
effects of steroids on neurodevelopment. Synthetic glucocorticoids used to induce 
fetal lung maturation in fetuses at risk of preterm birth during third trimester have 
been shown to associate with reduction in the thickness of the rostral anterior cingu-
late cortex [59]. Higher prenatal maternal cortisol concentrations have been reported 
to be with decrease in fetal brain growth, and altered functional and structural con-
nectivity during childhood [60–62]. The amygdala develops at early stages of fetal 
life, and it is especially vulnerable to early abnormalities in cortisol concentrations. 
Increased amygdala volume is associated with depression risk in girls [53, 62, 63].

In a recent study, the effect of first trimester dexamethasone treatment on brain 
structure alterations in adult age has been investigated [53]. The MRI scans of 
treated cases at risk of CAH but not having CAH (males and unaffected females) 
have been compared with the controls. It has been reported that first trimester dexa-
methasone exposure has been related with structural alterations of brain at adult age 
and gene methylation changes have also been detected. Altered methylation of 
genes associated with brain development such as brain derived neurotrophic factor 
(BDNF), glucocorticoid receptor (NR3C1), glucocorticoid receptor (GR) co- 
chaperone FKBP5 and mineralocorticoid receptor gene (NR3C2) have been demon-
strated in dexamethasone-treated individuals without CAH, as well [64]. Change in 
the methylation of some of these genes has been associated with depression [65–
67]. Owing to effects of synthetic steroids on prenatal programming, alterations in 
brain structure may occur. Since the cognitive function and mood regulation depend 
on networks with high density of GR, prenatal treatment may have deleterious 
effects. These findings add to the safety concern of prenatal dexamethasone treat-
ment in CAH.

Recent clinical guidelines report that prenatal dexamethasone treatment is an 
experimental treatment due to the safety issues. Therefore, specific treatment proto-
cols is not recommended by Endocrine Society guidelines [4]. Prenatal treatment 
must be offered after Institutional Review Boards approval, at centers capable of 
collecting data on a large number of CAH cases; thus, risks and benefits of this 
treatment can be more clearly identified.
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 Introduction

Congenital adrenal hyperplasia (CAH) is a condition that may have great impact on 
patients, family, and social environment and poses diagnostic and therapeutic chal-
lenges to the health services. The quality of life may be low in some patients with 
CAH. Several aspects of the patients’ lives can directly or indirectly interfere with 
fertility and reproduction issues and with their plans to gestate. The degree of the 
interference for each contributing factor may vary from person to person, and the 
interaction of several factors produces the final outcome.

Researches on fertility issues in patients with CAH are usually short-term, and 
the results are sometimes inconclusive or controversial. There is also more informa-
tion on females with CAH than on males.

The psychological evaluation of patients with CAH should cover a wide spec-
trum of issues, including sexuality and fertility. Psychological and psychiatric mor-
bidity should be explored and treated.

Fertility issues may not necessarily be a top priority for patients and health spe-
cialists. However, there are many patients with CAH who are concerned about this 
issue and do desire to mother or father a child. An exploration of the factors which 
potentially interfere with fertility will allow health professionals to discuss this 
issue with the patients and their partners and plan a proper and potentially effective 
management.

The main factors which may interfere with or are relevant to fertility and repro-
duction will be discussed under subheadings listed below.
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 Medical Management and Impact on Sexual Function

Impact of the disease itself and the impact of unsatisfactory medical management 
may impair sexual function and potentially interfere with fertility.

Unsatisfactory vaginal reconstruction and reduced clitoral sensitivity may cause 
sexual difficulties and sexual dysfunction and may have an effect on partner choice, 
relationships, marriage, and fertility [1].

Suppression of androgens following glucocorticoid overtreatment may result in 
low sexual desire [2]. Problematic intercourse due to gonadotrophin suppression 
and subsequent anovulation due to overtreatment, adrenal androgen excess with 
resultant anovulatory infertility due to undertreatment, elevated follicular phase 
progesterone levels that prevent implantation, and inadequate vaginal introitus 
which makes penetration difficult are the causes of low fertility rates in CAH [3–8].

Consequences of treatment may not be limited only to sexual implications, and 
some details are not always understood. The impact of dexamethasone treatment on 
brain of the fetus (for instance, on working memory), administered to prevent intra-
uterine virilization of female external genitalia in pregnancies at risk of CAH, is still 
not well understood [9].

Sexual function may also be impaired by other reasons (somatic and psychiatric 
comorbidity, relationship/marital problems, side effects of medications). Regular 
monitoring of CAH patients by a multidisciplinary team is recommended in order 
to offer assistance [10].

 Quality of Life

Quality-of-life parameters may be associated with sexual function and fertility 
issues. Data on health-related quality of life (HRQoL) in patients with CAH are 
rather scarce and mostly refer to females [11]. Their interpretation often produces 
conflicting results. Most studies report worse QoL [12, 13], and some similar [14, 
15] and very few better QoL [16, 17] compared to controls. Impaired QoL appears 
to be more common in adults than in children and may be associated with more 
severe forms of the disorder [18].

The QoL may be diminished when disease, the consequences of medical treat-
ment, stress, and other factors cause sexual dysfunction [19]. Psychological support 
may improve QoL [20]. New treatments are also expected to improve health out-
comes and QoL in patients with CAH.

 Female Patients with CAH

Female patients with CAH may face serious sexual, psychosocial, and interpersonal 
difficulties. Fertility may be impaired. Researches indicate that the cause of infertil-
ity in these patients is often multifactorial. Many women, especially those with the 
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most severe mutations, may not try or are not interested in achieving pregnancy 
[21]. Some do not think that fertility is an important issue [22]. The reasons for this 
are not always clear.

The psychological effects of CAH, for instance, play behavior, spare time inter-
ests, sports, choice of profession, difficulties in sexual function, sexual interest and 
orientation, reduced fertility, and being happy with existing sexual life, all exhibit 
some degree of severity correlating with the disease severity (depending on 
CYP21A2 genotype, prenatal androgen exposure) [23]. Even though genotype is 
usually considered to be an indicator of the degree of virilization, some females 
with I2splice genotype may exhibit external genitalia with Prader score V and are 
more severely virilized than the ones who harbor the null, the more severe genotype 
[23]. Genotype–phenotype correlation may not always be fully observed, and this is 
challenging for the treating physicians.

Female patients with CAH may have impaired fertility, especially if they belong 
to the classical types; simple virilizing and the salt wasting CAH [24, 25]. Fertility 
may be impaired due to a number of reasons [20]. High prevalence of polycystic 
ovaries leading to ovulatory dysfunction, inadequate adrenal suppression of andro-
gens, and elevated follicular phase progesterone levels resulting in failure of implan-
tation may be the contributing factors [26]. The low libido of these women, fewer 
heterosexual relations, and diminished desire to engage in having a family can be 
considered as other responsible factors [27, 28]. However, most women with CAH 
can become pregnant with proper medical treatment [21]. Adrenalectomy may 
rarely be required for maintaining reduction in progesterone levels that is necessary 
for achieving pregnancy [29].

Non-somatic reasons may be important. In CAH women with reduced sexual 
interest or sexual activity, the presentation is probably not related to the early expo-
sure to androgens which would otherwise exert greater sexual interest and sexual 
activity. It may be related to the fact that many of these women are not happy with 
their genital reconstructive surgeries that cause inadequate vaginal introitus, thus 
unsatisfactory, sometimes painful sexual intercourse [30].

Some girls with CAH have low interest in infants, nursing and childcare [31]. It 
has been hypothesized that the awareness of reduced fertility and having a chronic 
illness may play a role. However, there are women with CAH who do want to get 
pregnant and have a child [30]. Some authors conclude that the lower pregnancy and 
delivery rates in women with CAH are mainly due to psychosocial factors [21].

It has been indicated that psychosexual factors in women with CAH may affect 
behavior, sexual orientation, and core gender identity. Factors that may play a role 
include the amount and timing of prenatal exposure to androgens, genetic factors, 
age at diagnosis of the disorder, effectiveness of postnatal hormonal treatment, the 
age and success of feminizing surgery, psychosocial support, the attitude of the 
parents, and sociocultural factors [32].

Female CAH patients in developing countries may face with similar problems as 
women in developed countries; however, local sociocultural issues and limited 
availability of resources may cause additional difficulties. Lack of education, pov-
erty, lack of proper and affordable medical care, traditional beliefs on sexuality, 
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limited community support, religious and cultural issues are common problems. 
Reports from Malaysia and Vietnam support this view [33].

A recent study on 13 Swedish women with CAH [34] investigating the identity, 
sexuality, and parenthood issues has focused on the topics “forming identity” (girl, 
tomboy, and/or a woman) and “establishing relationships” (intimate relationships, 
pregnancy, and parenthood). One of the main findings of this investigation is that 
sexual activity with a partner can be avoided, problematic, or uncomplicated among 
these women. Self-confidence seems to be an important determinant of this finding. 
Some women have reported their will for achieving pregnancy, but have also 
expressed their confusion about its possibility and the fear for having children. In 
the same study, participants have also interpreted their same-sex sexual orientation 
as a part of their CAH. Poor body image and not feeling gender typical seem to 
prevent intimate relationships. Being unable to compete with the “perfect woman” 
and the fear of unsatisfactory sexual intercourse via offering penetrative sex have 
been pointed as common problems. Education and referral to a sexology service 
seem to be of great help to these women [34]. This study has also demonstrated that 
CAH has been the main focus in the lives of some participants, whereas it has been 
a side issue for the others. The experiences of these women have varied, and they 
reflect shifting perspectives on how much the disease affects several aspects of their 
lives [34].

There are also interesting findings of some studies. General psychosocial adapta-
tion, as compared to siblings, may not be different in these cases [35]. Self-reported 
health-related quality of life may be adversely affected, especially in women [12, 
36–38]. Sexual function may also be impaired [8, 22, 39]. Women with CAH often 
prefer living alone [15]. Fertility may be impaired in both men and women [36, 40], 
although pregnancy rates are rather normal for those who receive medical care. The 
majority of men who seek medical care may finally father a child [40].

In conclusion, the etiology of infertility in CAH females is multifactorial, includ-
ing ambiguous genitalia issues, excessive androgen secretion, hypersecretion of 
adrenal progesterone, PCOS, and several psychosocial factors [41]. Assisted repro-
duction has to overcome the androgen excess-associated anovulatory cycles and 
high circulating progesterone concentrations during the follicular phase. 
Glucocorticoid treatment alone may be very helpful for achieving pregnancy [41]. 
When pregnancy occurs, the pregnant CAH patient needs careful and close moni-
toring, preferably at a tertiary care service [10].

 Male Patients with CAH

Difficulties about living with a rare chronic disease, school absences due to frequent 
medical procedures, consequences of glucocorticoid over or under treatment (pre-
cocious puberty, obesity, shorter final height, etc.), possible androgen effects on 
brain development and behavior, risks for reproductive health, and several 
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psychosocial and emotional issues are the factors that impact on the well-being of 
an individual with CAH [42–43]. Investigations on males with CAH are rather 
scarce. However, most of the findings gathered from females with CAH apply for 
males. Some studies present methodological problems and the need for further 
research about CAH males is evident [44].

Male sexual health may be impaired by a number of emotional and psychologi-
cal factors [45]. An association has been reported between CAH and mood disor-
ders. Behavior disturbances, anxiety, insomnia, mood disorders, and psychosis have 
been described resulting from treatment with glucocorticoids, as well [46]. 
Hyperandrogenism itself may also increase the risk of developing psychological/
psychiatric pathology [47].

Self-perception of reproductive health, psychological and psychiatric health, and 
quality-of-life parameters have been studied on male CAH patients in a review of 11 
studies [44]. Accordingly, these males have had higher negative emotionality and 
many problems related to internalizing behaviors (negative behaviors directed 
toward the self) when compared with the reference groups. Three of these studies 
have investigated the impact of sexual health issues and fertility on psychological 
health and have found that sexual well-being has ranged from impaired to normal 
among them. Five of six studies have reported reduced QoL ratings. However, the 
authors of this review have reported several methodological limitations and weak-
nesses in some of these studies [44].

Males with CAH and testicular adrenal rest tumors (TARTs) may suffer from 
intense psychological strain. The TARTs and inadequate control of the disease 
(under-treatment or non-compliance) may also contribute to fertility difficulties [41, 
48–52]. In general, fertility in males with CAH appears to vary from normal to 
severely impaired when compared to control groups or to relevant national data [41, 
48, 51].

A study on males with CAH has described impaired sexual well-being, the 
dimensions of “sexual drive,” “erections,” and “ejaculations.” “Problem assess-
ment” and “overall satisfaction” scores have been within the normal range [53]. In 
another study, fewer CAH male patients have been found to be sexually active; 
however, sexual satisfaction has been similar to the control group [45].

Although females with CAH are known to present the impact of androgens on 
several domains such as gender typical play and sex-typed toy preference, spatial 
abilities, aggression, occupational interest, gender identity, and sexual behavior, 
less is known about psychological consequences of CAH in men, assuming that 
they are exposed to normal androgen levels in the womb.

Sexual problems have been less frequently reported by the most severely affected 
CAH males [54]. They have been found to associate with psychological problems, 
such as anxiety and depression. Sexual orientation is generally not affected. 
Heterosexual orientation has been reported in 90.1% of participants, homosexuality 
in 3.3%, and bisexual orientation in 1.1%. More than 50% of males with CAH with 
a sexual partner have reported to have almost daily or at least one to two sexual 
activities per week [54]. Another study has found the frequency of intercourse 
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similar to matched controls [40]. The males have been generally happy with their 
sex life, having a comparable score to reference population [54]. Approximately 
25% have had low/absent or excessive sexual desire. Arousal or orgasmic difficul-
ties have been reported by 10% of the participants and 25% have had premature 
ejaculation. Erectile dysfunction has been reported by a quarter of the patients [54]. 
The participants of this study have been recruited from specialized European cen-
ters, have had mostly good hormonal control, thus have exhibited similar aspects of 
sexuality compared to European reference populations. They have a similar profile 
of sexual problems, but their sexual desire has been lower compared to controls 
[54]. Androstenedione/testosterone ratio and the hormones investigated have not 
been found to associate with sexuality. Genotype has been found to impact on the 
frequency of sexual activity. The more severely affected cases have had lower fre-
quency, however mainly due to psychological problems [54]. Early attention, even 
during childhood, has to be given to testicular functions in order to prevent detri-
mental consequences in the future [9].

Congenital adrenal hyperplasia impacts seriously on the life of the affected indi-
vidual and the partner. Sexual orientation, sexual function, fertility, partnership, and 
many other issues need to be addressed and further investigated. The diagnostic and 
therapeutic approach needs to be flexible, realistic, and multidisciplinary.

 Psychological and Psychiatric Issues

Psychological well-being is considered to be essential for sexual well-being, and it 
is an intergraded component of good health status. Mood may be altered in CAH 
patients for several reasons. Glucocorticoids prescribed as a pharmacological treat-
ment and not only as a substitute may cause or exacerbate psychiatric symptoms, 
such as behavior disturbances, anxiety, insomnia, mood disorders, or even psychotic 
symptoms [44].

Patients with CAH may exhibit frequent psychological/psychiatric problems 
such as anxiety disorders, depressive disorders, and drug/alcohol abuse. 
Stigmatization, fear of rejection in a sexual situation, the effect of the awareness of 
their anatomical problems, potential high-risk behaviors, stress, and avoidance of 
sexuality issues have to be taken into account by the health professionals [55].

Sexual dysfunction and mental health morbidity often present a two-way rela-
tionship. Difficulties and doubts regarding the person’s psychosexual role, psy-
chiatric morbidity (mainly anxiety and depression), and side effects of psychiatric 
medication are the factors that may interfere with sexual desire and function in 
general, as well as in patients with CAH. The interplay between other contribut-
ing factors (effect of relationship difficulties, socioeconomic problems, etc.) may 
also play a detrimental role. Psychological and psychiatric screening and support 
must be available to CAH patients in order to offer proper care for their men-
tal health.
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 Sexual Orientation

Definition of sexual orientation and the way we measure it appears to be a contro-
versial issue. This is also evident in patients with CAH. Sexual development (includ-
ing sexual orientation) is programmed in brain in intrauterine life. The presence or 
absence of androgens seems to play a major role in the direction (traditional male or 
female) of development. This is a useful concept in exploring the sexuality of 
patients with CAH, although it has been disputed by some authors.

A systematic review of 30 studies [55] has investigated the sexual orientation of 
individuals with CAH who have been either assigned female (46,XX) or male at 
birth (46,XY and 46,XX). The results have shown that compared to females from 
general population, the assigned females at birth (46,XX) are more likely to not 
exhibit an exclusive heterosexual orientation. No assigned males have identified 
themselves as non-heterosexual [55].

The severity of CAH may influence on the outcomes of sexual orientation. 
Methodological weaknesses and limitations of the studies should be taken into con-
sideration at interpreting the results of regarding studies.

Sexual orientation is multidimensional and includes attraction, behavior, and 
self-defined identity aspects (“gay/lesbian,” “bisexual,” “heterosexual”). There 
seems to be a potential major biological basis for sexual orientation, although there 
are still many grey areas. As noted before, the prenatal effects of sex-atypical levels 
of androgens or estrogens may alter sexual differentiation. The sexual differentia-
tion of human brain most probably depends on both sex hormone and sex chromo-
some processes which act either in parallel or in combination.

Females with CAH often tend to prefer rough play, choose hobbies the boys 
have, play with typical boys’ toys, choose boys as playmates, exhibit certain male- 
typical personality features, and have a greater likelihood to have non-heterosexual 
orientation. Brain organization theory focusing on the effect of intrauterine expo-
sure to sex-atypical steroid hormones may explain “tomboyish” behavior and sexual 
orientation in this particular group, however not in a definite way (not everybody 
with CAH is homosexual).

The mechanism is complicated and multifactorial. The degree of masculinization 
of the genitals does not necessarily reflect the degree of masculinization of the 
brain. There are also individual differences at varying androgen levels that affect the 
masculinization of brain.

Finally, physical, medical, psychological, and relationship factors may impact on 
sexual orientation of CAH patients. Potential social response, negative heterosexual 
experiences, negative reaction of a potential partner to the appearance of ambiguous 
genitals, postnatal effects of increased androgens, behavioral changes as a result of 
living with a chronic disease, impaired clitoral sensation, and vaginal introitus 
abnormalities that impair intercourse may all be listed as potential contributing fac-
tors. Even repeated genital examinations may also play a role. More research is 
needed to further explore the sexual orientation and related issues in this particular 
population.
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 Gender Issues

Gender identity is expected to play a role in making decision for having children; 
however, further research is required on patients with CAH.

“Gender identity disorder” is not common among these patients. A number of 
factors, such as hormonal control, familial, social, and religious beliefs have impact 
on gender identity in CAH.

Gender assignment is a major issue. In a study, gender assignment of patients 
with CAH is advised to be done as soon as possible [56]. Girls with high stages of 
Prader scoring mostly have female identity because they are usually in good control 
of their disease in spite of high intrauterine exposure to androgens. Hormonal milieu 
after birth seems to be more important than intrauterine hormones and chromo-
somal aspects for gender identity.

In addition to biological factors such as pre- and postnatal hormone levels, dif-
ficulties of parents to accept their child gender can have an impact on sexual identity 
issues in CAH patients [57].

Gender identity seems to be flexible, and prenatal exposure to high levels of 
androgens in CAH patients still allows successful adoption of a female identity 
[22]. However, some females with CAH may report less satisfaction with the 
assigned female sex.

Most female CAH patients do not present major gender identity problems, such 
as “gender dysphoria,” which in a study on 250 patients, it has been reported only in 
5% [58]. In the same study, nine out of ten female CAH patients who have been 
raised as males have reported male gender identity [58].

 Adolescents

The necessity for daily medication, close supervision of the parents, and medical 
interventions may also restrict the psychosocial and physical development of chil-
dren with CAH, like in other patients who harbor chronic disorders.

Adolescence is a time during which major hormonal, somatic, cognitive, and 
psychological changes take place [59]. Adolescents with CAH face additional dif-
ficulties and may need to make important decisions regarding medical and surgical 
interventions. The care of these patients may be a challenging issue. Decision- 
making issues, transition to adult care, good health care, and quality of life are some 
of the issues that health professionals should take into consideration.

In adolescence, increase in adrenal androgen synthesis, increased cortisol clear-
ance, insulin resistance, and other hormonal changes may demand reassessment of 
CAH treatment to prevent complications in the future, such as infertility. Potential 
noncompliance with treatment poses additional problems.

Surgical considerations include problems arising from former genital surgery or/
and related to the planning of subsequent surgical procedures. Adolescents may be 
very concerned about the appearance of their genitals and their sexual performance. 
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Surgery during infancy may cause or may contribute to a number of genitourinary 
difficulties, such as urinary incontinence, vaginal voiding, impaired sensation of 
clitoris or clitoral pain, vaginal stenosis, sexual dysfunction, and concerns about the 
appearance of the genital area. Special care on a multidisciplinary basis may be 
needed in order to manage these problems. The specific aspects of surgical 
approaches and selection of optimal timing are challenging and controversial issues. 
A shared decision-making process is recommended and requires a proper education 
of patients and family.

Talking to adolescents with CAH is a sensitive issue and should include educa-
tional and problem-solving components. Transition to adult care services needs to 
be smooth and well planned. The goals of transition include the provision of knowl-
edge regarding medication, pathophysiology, stress management, surgical history/
options, fertility, and sexuality issues.

In a study from Sweden, the girls with CAH, but not boys, have exhibited a 
higher risk of not completing primary education, compared to controls. There are 
many potential reasons which may, at least partially, explain this finding. Possible 
causes (some not limited to CAH) are cognitive deficits, learning difficulties, the 
effect of hypoglycemia together with salt-crisis, and over-treatment with high levels 
of hydrocortisone which may impair cognitive performance. The negative outcome 
for girls may also be due to more severe psychosocial problems they have to face 
with [60].

Adolescents with disorders of sex development (DSD) may have difficulties in 
managing sexual issues especially if they have experienced repeated genital exami-
nations and unprofessional treatment by clinicians and health services or have atypi-
cal genital appearances. They may feel insecure in their psychosexual role, may fear 
from being rejected, and may postpone or avoid intimate relationships [61]. Thus, 
women with CAH are reported to differ from controls in terms of delayed psycho-
sexual milestones; less sexual experiences, low sexual motivation, less sexual activ-
ity and imagery, less partnership/marriage, and poor sexual self-image [62–64].

 Sociocultural Factors

Sociocultural factors may also play a role in deciding about fertility issues. 
Significant differences regarding employment, education, marital status, and fertil-
ity have been detected in patients with CAH depending on sex and severity of the 
disorder [60]. They are more often on sick leave, and they more likely receive dis-
ability pension. Women in salt-wasting CAH group, but not other women or men, 
are more often single. Men and women with classical CAH (SW and SV forms) 
have fewer biological children than controls [60]. The literature describes decreased 
fertility and interest in infants among women with the disorder. A high homosexual 
orientation rate in women with CAH may also be a contributing factor. More men 
than women have children, however at lower rates compared to the general popula-
tion. The patients even in a stable relationship are less likely to have children for 
reasons that have to be further investigated.
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 Health Care Service

Proper care and good patient–health care professional relationship may facilitate the 
management of several concerns including sexual, gender, and fertility problems. 
Care should be adapted to age, personal situation, and other factors [9].

Caring for people with DSD is a crucial, challenging, and even controversial 
issue. A Consensus Statement, developed by a European multidisciplinary group of 
specialists, proposes several recommendations for individuals with DSD, including 
individuals with CAH [9]:

 – Psychosocial care to the families should be individualized and provide empower-
ment, encouragement, and time in an atmosphere of acceptance. Information for 
parents includes biological, medical, and gender-related aspects. It should be 
given in a proper manner and language. Good communication and efficient con-
tact with support groups should be also included. Psychological counseling 
should include discussion of decision-making and acceptance of individual 
development.

 – Information to the individual with the disorder should include sex, gender, and 
other issues and must be provided on an individual basis in relation to timing and 
to inclusion of regarding topics.

There may be risk of various genetic or treatment-related comorbidities, and 
further research is needed for providing relevant data. Roles of the members of 
multidisciplinary team that will manage DSD issues may be challenging. Issues that 
also need to be managed include social acceptance, parent–child relationship, body 
image, sexual function, and well-being.

Psychological care is recommended to be provided from birth [65]. Transition of 
care from child to adolescent/adult services should be well planned. Health care 
must be longitudinal and be provided on a holistic basis. Good quality of life should 
be the primary goal.

Recent Endocrine Society Clinical Practice Guideline strongly recommends 
behavioral/mental health consultation and evaluation to address any concerns 
related to CAH for patients and their parents [18]. An interdisciplinary team of 
health care professionals with experience should provide “parent/family medical 
education, parent/family counseling regarding psychosocial prognosis, and manag-
ing parents’ distress,” “assistance in gender assignment at birth in cases of marked 
genital virilization,” “discussion about the pros and cons of gender-confirming geni-
tal surgery in infancy and early childhood,” and “counseling regarding potential 
gender reassignment of patients with 46,XX CAH after infancy.”

Stigmatization (including stigmatization by lovers), gender-atypical behavior 
and related problems with social fit, homosexual and bisexual attractions, and sex-
ual dysfunction should be addressed, as well [29].
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 Conclusions

Congenital adrenal hyperplasia (CAH) is a chronic condition that may have influ-
ence on many domains of patients’ well-being. Impact of the disorder itself and its 
treatment, personal experiences, attitudes of the family and health care profession-
als, psychological and psychiatric comorbidities (mainly anxiety and depression), 
sexual function and orientation issues, body image and gender issues, relationship 
dynamics, and the impact of medical interventions (mainly surgery of genitals) are 
all interfering factors. The severity of the disease also has an important role.

Sexuality, gender, partner relationship, psychiatric status, fertility, reproduction, 
and relevant issues must be included in a holistic diagnostic and therapeutic 
approach. Studies in current literature are mainly focused on females, and method-
ological issues and limitations are not infrequent. Well-designed studies are needed 
in the future.
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