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Abstract

Gonadal dysfunction is an adverse outcome in patients with congenital adrenal hyperplasia (CAH), which may become
apparent already during puberty. Clinical consequences of gonadal dysfunction include menstrual disturbances in
females and hypogonadism and impaired fertility in males and females. In males, gonadal dysfunction can be caused
by primary gonadal failure due to testicular adrenal rest tumours (TART), and by secondary gonadal failure due to poor
hormonal control. In females, gonadal dysfunction can result from an overproduction of adrenal androgens including
11-oxygenated C-19 androgens and progestins, and rarely from ovarian adrenal rest tumours. In all patients with
CAH, optimal hormonal control is the key for adequate gonadal function. Therefore, regular measurements of adrenal
steroids and/or their metabolites should be performed. In addition, markers of the hypothalamus-pituitary-gonadal
axis need to be assessed. In females, the regularity of the menstrual cycle should be evaluated. In males, regular
evaluation for TART using ultrasonography is recommended from the start of puberty or even earlier when poor
hormonal control is present. When TART is present, counselling on cryopreservation of semen should be offered.

European Journal of
Endocrinology
(2021) 184, R85-R97

Introduction caused by a defect of one of the enzymes involved in the

adrenal steroidogenesis (1, 2). The most common enzyme
Congenital adrenal hyperplasia (CAH) is a group of  deficiency (90-99%) causing CAH is 21-hydroxylase
autosomal recessive disorders of the adrenal cortex deficiency (210HD, CYP21A2 mutation), with an
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incidence of around 1:15 000 but more common in
certain ethnicities (1, 3, 4). The prevalence of non-classic
(NC) CAH is higher and can be found in up to 1:200 across
multiple ethnicities (5). The other rarer forms of CAH
are 11p-hydroxylase deficiency, 17a-hydroxylase/17,20-
lyase deficiency, 3p-hydroxy-steroid dehydrogenase type
2 deficiency, P450 oxidoreductase deficiency, lipoid CAH
and cholesterol side-chain cleavage enzyme deficiency (6,
7, 8). Patients with CAH caused by 210HD have impaired
cortisol production and consequently elevated ACTH
concentrations due to the lack of the negative feedback on
the pituitary gland. The increased ACTH concentrations
lead to chronic stimulation of the adrenal cortex and
increased production of steroid precursors before the
enzymatic block (mostly 17-hydroxyprogesterone).
These steroids are subsequently shunted to the
unaffected androgen pathway and alternative pathways
producing elevated concentrations of the precursor
steroid as 21-deoxycortisol, 11-hydroxyprogesterone,
16-hydroxyprogesterone, 11-hydroxylated androgens,
and dihydrotestosterone. Treatment consists of
glucocorticoid supplementation and in the case of
mineralocorticoid deficiency also aldosterone (1).
By treating patients with CAH with glucocorticoids
the negative feedback system on the pituitary gland
is restored with a decrease in ACTH production and
consequently also lowering androgen production.
Adequate monitoring is necessary to prevent over- and
undertreatment.

Gonadal dysfunction is one of the most important
long-term complications in both sexes in CAH, which
may become apparent already during puberty. Clinical
manifestations of gonadal dysfunction include signs of
hypogonadism and infertility in males and females (9, 10).
In addition to hormonal imbalances, in females anatomical
and psychological issues, as well as homosexuality and
uninterest in pursuing parenthood, may contribute to
lower fertility rate in this patient group (11).

In this review, the main causes of gonadal dysfunction
in male and female with CAH will be discussed.

Gonadal dysfunction in males with CAH

In males with CAH, the reproductive function can be
impaired due to primary gonadal failure, mainly caused
by the presence of testicular tumours (9, 12, 13, 14).
Hypogonadism is a common finding and males with
CAH and hypogonadism often have small testes on
physical examination (Table 1). Another important factor
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contributing to testicular dysfunction is the suppression
of the hypothalamic-pituitary—gonadal axis due to high
circulating levels of androgens but also by aromatisation
to estrogens and elevated progesterone and 17OHP
concentrations as discussed later in the section secondary
gonadal failure, resulting in secondary gonadal failure (9).

Testicular adrenal rest tumours (TART)

Benign testicular tumours are typical lesions in male
patients with CAH and were first described in 1940
by Wilkins et al. (15). Since then, several case reports
and larger studies have been published (3, 9, 12, 14,
16, 17). Histologically, these benign tumours resemble
adrenocortical cells and they were originally thought to
arise from aberrant adrenal cells in the testes. Therefore,
they were named testicular adrenal rest tumours (TART).
Clinically TART typically present as bilateral (>80% of
the cases), painless lesions (12). Only a few patients
report pain or discomfort, especially in larger tumours.
TART lesions below 2 cm are generally not detectable by
palpation due to the typical central location adjacent to
the mediastinum testes (3, 14). Imaging techniques such
as ultrasound or MRI are necessary to detected smaller
lesions (Fig. 1A and B). Ultrasound is the preferred method
to detect the tumours as it is as sensitive as MRI and
more accessible in most clinics (18, 19). With ultrasound,
even small lesions of several millimetres can be detected
as hypoechogenic well-delineated masses, often multi-
lobular, located around the mediastinum testes. In most
publications using ultrasound, a prevalence of about
30-50% is reported in adult CAH patients (12). However,
TART can already be detected during childhood with
increase in prevalence during puberty and adulthood (14,
20, 21, 22, 23, 24) and have been reported in autopsy
material of patients with CAH less than eight weeks old
(25). TART are mainly present in males with classic forms
of CAH (salt wasting (SW) and simple virilising (SV)).
Only few papers describe patients with non-classic (NC)
CAH with TART (12, 14, 26).

Histologically, TART have features of steroid producing
tissue (Fig. 1C). It is thought that elevated ACTH levels
play an important role in the pathogenesis of TART.
Several case reports describe shrinkage of the tumour after
intensifying glucocorticoid therapy and consequently
suppression of ACTH (27, 28, 29, 30, 31, 32, 33). As ACTH
and angiotensin (AIl) receptors, as well as adrenal specific
enzymes and hormones, were found in TART tissue, an
adrenal origin of TART was deemed very likely. However,
several unsolved questions remain. TART are also found in
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Table 1 Causes of gonadal dysfunction, clinical and hormonal findings and recommendations for males and females with CAH.

Causes of gonadal
dysfunction

Clinical findings

Hormonal findings

Recommendations

Testicular adrenal
rest tumours (TART),
common

Males

Insufficient therapeutic
control in CAH,
excess adrenal
androgens and
progestins lead to
suppression
HPG axis

Females  Insufficient therapeutic
control in CAH,
excess adrenal
androgens and
progestins lead to
suppression
HPG axis

Ovarian adrenal rest
tumours (OART), rare

Small (irregular) testes
In case of large tumours,
increased testicular

volume
Mostly difficult to
detect on palpation
On imaging typically
bilateral
Hypogonadism
Subfertility

Hypogonadotropic
hypogonadism
Subfertility

Irregular menses
Acne, hirsutism
Hypogonadotropic
hypogonadism
Subfertility

Associated with
bilateral adrenalectomy

Testosterone decreased

LH and FSH increased
(rare)

LH and FSH (low)
normal (see below)

Azoospermia/
oligozoospermia

Testosterone decreased
LH and FSH (low)normal
(with normal prolactin
and estradiol)
Low inhibin B level
Ad/testosterone
ratio > 1
Azoospermia/
oligozoospermia
Testosterone and/or
A4 increased
Progesterone increased
Polycystic ovarian
appearance on
ultrasonography
(occasionally)
Testosterone and/or
A4 increased

Early detection: ultrasonography
from puberty (yearly), in
adulthood every 2-5 years (in
case of small or no TART)

Consider cryopreservation
semen (12)

Intensify glucocorticoid
treatment

Surgery not beneficial for
fertility but can be considered
if pronounced local pain/
discomfort (33)

Intensify glucocorticoid
treatment

Gonadotrophin therapy

Intensify glucocorticoid
treatment

Early follicular phase
progesterone < 2 nmol/L
(to achieve pregnancy) (80)

Avoid dexamethasone in
pregnancy

Routine ultrasonography
not recommended
(83, 84, 85, 86, 87)

A4, androsten.edione; HPG-axis, hypothalamic-pituitary-gonadal axis.

Figure 1

Ultrasound (A) and MRI (B) and histology of
a testicular adrenal rest tumour (TART). (A)
Scrotal ultrasound of a 19-year-old male
with congenital adrenal hyperplasia. The
transverse image shows a hypoechogenic
rounded lesion (between the white
indicators) in the left testis. (B) T2-weighted
MR image of longstanding bilateral TART in
a 33-year-old patient with congenital
adrenal hyperplasia. Heterogeneous
low-signal intensity tumours (between the
white indicators) are displacing
surrounding high signal normal testicular
tissue. (C) H&E staining of TART tissue:
large polygonal cells with abundant
eosinophilic cytoplasm. Reprinted with
permission from (13); © 2019.
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well-controlled patients and a clear correlation between
hormonal control and prevalence or tumour size has not
been found although a positive correlation with ACTH
levels has been described (34, 35, 36). Gene expression
of adrenal specific genes, such as CYP11B1, CYP11B2,
CYP21A2, and DLK, and adrenal receptors MC2R and
AGTTR2 in TART tissue were described in several papers
(26, 37). More recently, also Leydig cell specific features
of TART tissue were described suggesting that TART
consist of a more totipotent cell type (38). Recently,
GATA3 and GATA6 expression in TART and adrenals,
and GATA4 expression was found in TART and testis (39,
40). Furthermore, also testis-specific gene expression of
the LH receptor (LHCGR), INSL3, and HSD17B3 has been
described in TART (12). Thus, the aetiology of TART has
still not been completely clarified.

Other testicular tumours beside TART such as Leydig
cell tumours (LCTs) have been incidentally described in
patients with CAH and it is challenging to discriminate
TART from LCT (41, 42, 43, 44, 45, 46, 47, 48, 49, 50).
This is clinically important as LCT can have malignant
features. Unfortunately, neither palpation nor imaging
techniques can clearly discriminate clinically between
TART and LCT. However, there are some differences
that may help in the diagnostic process: the presence of
TART in both testes is reported in >80% of patients with
TART, while only one testes is affected in >90% of the
LCT-patients (12, 50). TART size might decrease after
intensifying glucocorticoid treatment in some although
not all cases (27, 28, 51). Furthermore, histologically
Reinke crystalloids are sometimes present in LCTs, but
never in TART (12, 18, 28).

Azoospermia is common in patients with CAH and
TART. Due to the central location of TART within the testes
adjacent to the mediastinum testes it is likely that TART
will lead to mechanical obstruction of the seminiferous
tubules with consequently obstructive azoospermia. It has
been hypothesized that due to obstruction proximal to
the epididymis, as in the presence of TART, the efferent
flow in the seminiferous tubules is chronically obstructed
leading to reduced spermatogenesis and peritubular
fibrosis with irreversible damage of the surrounding tissue
(52). In addition, paracrine effects of the steroids produced
by TART on the surrounding tissue have been described,
that may damage the Sertoli or germ cells (12, 28).

As TART is most often described in patients with
poor hormonal control, intensifying glucocorticoid
treatment is the first choice of treatment. An increase
of glucocorticoid dosage and/or change to synthetic
long-acting dexamethasone will lead to a decrease of
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ACTH levels and in some patients, this results in tumour
reduction (29, 30, 31, 32, 33, 35). However, medical
treatment is not always successful and with higher
glucocorticoid doses the risk of serious side effects such
as hypertension and weight gain may increase. Treatment
with mitotane has been described in one case report to
restore fertility (53). However, this remains experimental
as mitotane requires close drug monitoring, may cause
irreversible chemical adrenalectomy and severe adverse
effects that might not be justified in this benign tumour
entity. Another case report describes the use of human
chorionic gonadotropin (HCG) combined with follicle-
stimulating hormone (FSH) in one patient with CAH and
TART and hypogonadotropic hypogonadism, resulting
in restored testicular testosterone production and
consequently fertility (54).

Testis sparing surgery as a treatment option for TART has
been described in several papers (55, 56). In one study eight
adult male patients with longstanding TART were treated
with testis sparing surgery (56). However, no significant
improvement of gonadal function after surgery was found,
suggesting irreversible damage to the testicular tissue had
already occurred. This was confirmed by testis biopsies.
Furthermore, surgery may contribute to irreversible damage
of the testes due to scarring of the testicular tissue (52,
57). Therefore, patients should be carefully informed by
a multidisciplinary team about the consequences of large
TART, and cryopreservation of sperm should be considered.
Patients should also be informed about the possible costs
of the storage of sperm. As TART can already occur in
childhood with a clear increase in prevalence during
puberty, we recommend yearly ultrasound of the testes
in patients with classic CAH in adolescence. Initiation of
earlier screening during childhood can be considered in
children with poor hormonal control (1, 22). However, if
no TART or only small stable TART are found in a well-
controlled adult male with CAH, ultrasound screening
every 2-5 years may be sufficient (14).

Secondary gonadal failure in male patients
with CAH

Male patients with poorly controlled CAH exhibit a higher
risk to develop gonadal failure due to hypogonadotropic
hypogonadism (9). High concentrations of adrenal
androgens steroids are aromatised to oestrogens which will
suppress the hypothalamic—pituitary—gonadal (HPG) axis,
leading to hypogonadotropic hypogonadism and small
testes in adolescence undergoing pubertal maturation of
the testes (58). Moreover, glucocorticoid therapy in CAH
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may cause HPG-axis suppression. Some authors suggest
that also steroids produced by TART may contribute
to the suppression of gonadotropins (17, 20, 59, 60).
However, clinically these two conditions cannot be
distinguished. Moreover, a number of studies have shown
a hypogonadotropic effect of progestins in males and the
combined administration of progestins and testosterone
are the basis of the proposed male hormonal contraception
(61). Given the synergistic hypogonadotropic effect of
progestogens and testosterone in males, it is likely that
excessive and combined secretion of androgens together
with progesterone and 17OHP, will contribute to the
gonadotropic inhibition in men with classic CAH.

In contrast to other forms of secondary hypogonadism,
most patients with CAH do not report any complaints
from testosterone deficiency as males with CAH
and poor hormonal control usually have substantial
amount of androgens from adrenal origin. A typical
biochemical profile in this situation, is suppressed or
normal gonadotropins with testosterone levels within
the lower normal range, but low inhibin B levels (9,
17). Therefore, even in patients with apparently normal
gonadotropin and testosterone levels, gonadal function
can be severely impaired. Therefore, inihibin B can serve
as an additional marker for Sertoli cell function beside
FSH (14, 17). To distinguish testosterone from adrenal or
testicular origin in male with CAH it has been suggested
to use the serum androstenedione to testosterone ratio
(A/T ratio), as androstenedione is elevated when the
androgens are predominantly of adrenal origin (62, 63).
It can be hypothesized that well-controlled males with
CAH produce mainly testosterone from the testes with
only a small amount of androstenedione leading to a low
A/T ratio (A/T ratio < 0.5). In poorly controlled males
the androstenedione levels will increase resulting in
suppression of gonadotropins and an A/T > 1, indicating
that a significant fraction of testosterone is of adrenal origin
(62). One has to be aware that serum total testosterone can
be decreased due to low serum SHBG concentrations, for
example in obese patients, or elevated in some conditions
such as hepatitis or hyperthyroidism. Therefore, in this
situation free testosterone could be measured or calculated
from total testosterone, SHBG and albumin concentrations.
However, most direct free testosterone assays lack adequate
sensitivity and specificity. Moreover, in the vast majority
of cases total testosterone measurements are sufficient as
long as it is measured by a sensitive and specific assay such
as a specific RIA or LC-MS/MS assay. On the other hand,
male patients with hypogonadotropic hypogonadism
and apparently low testosterone surprisingly may not
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complain of clinical symptoms of hypogonadism. An
explanation for this may be an excess of 11-oxygenated
C19 steroids in CAH. In particular 11-ketotestosterone
(11KT) and 11B-hydroxy androstenedione seem to play a
role in CAH (63). It has been demonstrated that 11KT and
its derivate 11KT-dihydrotestosterone act at the androgen
receptor with equal potency to the classic testosterone and
dihydrotestosterone (64, 65). In the absence of TART, most
reports show reversible hypogonadism and improved
fertility after initiating or increasing glucocorticoid
therapy (66, 67).

Child rate in males with CAH

Most studies of gonadal function in CAH males do not
report on fatherhood and if doing so no comparisons
with controls have been made. In 1978 fatherhood was
reported for the first time in 25 adult males with CAH
of whom 10 had 19 living children (68). Some did not
have any glucocorticoid supplementation at the time of
conception, however, none of the patients had had any
genetic confirmation of CAH and there was no control
group which make the report difficult to interpret. A
Finish study of 21 males with classic CAH found a child
rate of 0.07 compared to 0.34 in the entire Finnish male
population with a similar age distribution (69). A Swedish
study of 30 adult males with CAH showed a child rate
of 0.9 compared to 1.8 in the entire Swedish population
with equal age distribution (14). In a US study of 30 males
aged 17-43 years only 7% had children (27), while in a
German study of 22 males with CAH aged 19-48 years
23% had fathered children (70). Moreover, in a UK study
of 65 adult males with CAH 25% had become fathers, two
after fertility treatment, however, only 37% had tried to
conceive their partner (3). Furthermore, in a French study
of 219 males with classic CAH aged 18-70 years 24% had
fathered at least one child, 11% after IVF (9). This fertility
rate was lower than French reference population. At last,
in a Swedish epidemiological study including 221 males
with CAH aged 15-81 years and 22 024 age-, sex- and
municipally matched controls only those born before
the neonatal screening had reduced fatherhood rate
(odds ratio 0.5) while those born after the introduction of
screening had normalised fatherhood rate (16). Adoption
was more common in the males with CAH (odds ratio
2.9). Males with NC phenotype had also normalised
fatherhood rate. Of those CAH males who had succeeded
in becoming fathers the number of children was the same
as in controls (16). Thus, males with classic CAH seemed
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less likely to be fathers, however, with early diagnosis
of classic CAH, thanks to neonatal screening programs,
fertility may be normalised (16).

Gonadal dysfunction in females with CAH

Gonadal dysfunction in female adolescent and young
adults with CAH can result in abnormal pubertal
development, amenorrhoea and irregular menses
(Table 1). Timing of puberty and age at menarche is
usually not significantly different in females with and
without CAH (10, 71, 72). However, elevated adrenal
steroids can lead to menstrual irregularity. Therefore,
regular monthly menses generally indicate appropriate
hormone replacement therapy. It should be noted that
menstruation disturbances are common in the general
female population and in one study of 62 adult women
with CAH irregular menstruations was in fact as common
in patients as in age-matched controls (both 28%) (10). In
general, the gonadal function in females with CAH can be
impaired due to several factors: overproduction of adrenal
androgens including 11-oxygenated C19 steroids, elevated
adrenal precursor steroid (17-hydroxyprogesterone and
progesterone), polycystic ovaries and ovarian adrenal
rest tumours. Furthermore, as described previously in
males with CAH, hypogonadotropic hypogonadism can
interfere with gonadal function (see ‘Secondary gonadal
failure in male patients with CAH’ section).

Adrenal overproduction of androgens in females
with CAH

In case of poor hormonal control, elevated adrenal
C-19 steroids can affect ovarian function, resulting
in menstrual disturbances (1). Suppression of adrenal
androgen secretion by increasing the glucocorticoid
dose can restore ovulation and normalise the menstrual
cycle (73). More recently, the potential contributions of
the alternative backdoor steroid and the 11-oxo-steroid
pathways to androgen excess in patients with CAH have
been described (63, 74, 75). Turcu et al. showed that
C19 steroids were associated with menstrual disorders in
females with CAH and may therefore serve as additional
biomarkers in disease control (63).

Adrenal overproduction of progestins

In some females with CAH, adequate suppression of
adrenal androgen levels seems to be insufficient to
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correct menstrual abnormalities. It has been described
that increased levels of adrenal steroid precursors (such
as progesterone and 17-hydroxyprogesterone) may
interfere with the normal menstrual cycle (73, 76, 77).
In addition, elevated progesterone levels from adrenal
origin can cause impermeability of the cervical mucus
and failure of implantation contributing to infertility.
Thus, adequate suppression of adrenal progestins, as
well as androgens, are needed for menarche and for
a regular menstrual cycle. The degree of suppression
of progesterone, especially in the follicular phase, has
been suggested to be less than 2 nmol/L (76). However,
lowering of 17-hydroxyprogesterone and progesterone
levels can often only be achieved with supraphysiological
glucocorticoid doses. The degree of suppression of
follicular phase progesterone that is required to allow
optimal endometrial receptivity is uncertain (76).
Therefore, finding the balance between over- and
undertreatment is an important task (78). Furthermore,
beside optimising glucocorticoid therapy also optimising
mineralocorticoid treatment based on renin levels is
considered to be an important factor (78). Beside local
effects, elevated progesterone has also direct and indirect
effects on the pituitary production of gonadotropins that
may interfere with the normal menstrual cycle.

Ovarian adrenal rest tumours

In contrast to the high prevalence of TART in males
with CAH, the presence of ovarian adrenal rest tumours
(OART) seems to be very rare (Fig. 2). So far only a few
case reports have been published (79, 80, 81, 82, 83).
The low prevalence may be explained by the difficulty
to detect these tumours by ultrasound due to the
abdominal location of the ovaries in contrast to the
scrotal position of the testes. In a small study of 13 adult
females with CAH no ovarian adrenal rests were detected
by ultrasound or MRI (84). 8F-FDG PET/CT was used to
study ectopic ovarian rests in females with CAH in two
case reports (79, 80). In addition, 131I-noriodocholesterol
imaging might help to identify occult OART (85).
Selective venous sampling and complete pelvic venous
sampling to localise virilising ovarian tumours has also
been described (81). When routine imaging techniques
fail to detect these lesions, pelvic venous sampling
might effectively localise the tumours. This may be
especially important when females with CAH suffer
from an unexplained increase of adrenal C-19 steroids.
One case report describes a young adult female with
CAH who underwent bilateral adrenalectomy because of
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Figure 2

Ovarian adrenal rest tumour in the right ovary of a 19-year-old
female with congenital adrenal hyperplasia. Two sectioned
sharply circumscribed green-yellow nodules of ectopic adrenal
cortical tissue. Reprinted from (81) copyright 2019 with
permission.

poorly controlled CAH (81). Several years after successful
surgery, she developed secondary amenorrhea and hair
loss. These signs of adrenal androgen excess were caused
by ovarian adrenal rests only detectable by pelvic venous
sampling. This case clearly illustrates that chronically
elevated ACTH may induce proliferation of adrenal
rest cells also in females within the ovaries, leading to
androgen excess and thereby undoing the beneficial
effect of bilateral adrenalectomy. Routine imaging to
detect ovarian adrenal rests and polycystic ovaries is,
however, not recommended. Though in the case of, for
example, increased androgen levels after adrenalectomy
additional methods such as a PET CT or venous sampling
may be necessary.

Gonadal aspects in non-classic CAH (NCCAH)

In a multicentre cohort study by Moran et al. the
presenting symptoms in 193 females with NCCAH at
the age of 10 years and older were hirsutism (59%),
oligomenorrhea (54%), acne (33%), infertility (13%),
clitoromegaly (10%), alopecia (8%), primary amenorrhea
(4%), and premature pubarche (4%) (86). However, many
females with NCCAH are asymptomatic and spontaneous
pregnancy may occur even before a NCCAH diagnosis
is made. This was demonstrated in another multicentre
study by Moran et al. (87): of 203 pregnancies, 138 (68%)

Gonadal dysfunction in CAH

occurred before the mother’s diagnosis of NCCAH and
65 (32%) after the diagnosis. Bidet et al. reported about
a cohort of 190 females with NCCAH and of the 187
pregnancies (in 85/95 women desiring pregnancy) 99
(52.9%) occurred before the diagnosis of NCCAH (96/99
spontaneous), and 88 (47%) after the diagnosis (11/88
spontaneous) (88).

Thus, in NCCAH the likelihood of spontaneous
pregnancy is much higher than in classic CAH. There
is a strong correlation between the severity of CAH and
the level of gonadal dysfunction: gonadal impairment
is, therefore, lower in NCCAH compared to classic CAH
(89). But it is likely that the underlying mechanisms of
subfertility are identical. Treatment with glucocorticoids
is effective in females with NCCAH seeking fertility. It
shortens the time to conception and seems to reduce
the risk for miscarriage (87, 88, 90). Dexamethasone is
not recommended because it crosses the fetoplacental
barrier.

Pregnancy in females with CAH including
child rate

It is important to stress that patients with classic CAH
have normal pregnancy rates. This was shown by
Casteras et al. and needs to be distinguished from low
fertility rates that were observed in the patient cohort
(76). In a recent Swedish study based on different national
registers, 272 females with CAH (aged 14 years or older)
and 27 200 matched controls were studied and far fewer
females with 210HD had given birth than controls (25.4%
vs 45.8%, P < 0.001) (91). Moreover, mothers with CAH
were older at first pregnancy and had fewer children in
total compared to controls. Women with SW CAH were
less likely to be mothers than those with SV or NC CAH
(8.1% vs 41.8% vs 40.8%), the SV and NC groups were as
likely to be mothers as the controls.

The low child rate compared to the general
population has multiple reasons including hormonal,
anatomical, psychological and psychosexual reasons
(92). In difficult-to-control hyperandrogenism in CAH
bilateral adrenalectomy has been described in case
reports successfully resulting in pregnancies. Apart from
the increased risk of adrenal crisis, the development of
ovarian or paraovarian adrenal rest tumours have been
observed as long-term complication following bilateral
adrenalectomy in females with CAH (93). For a more
detailed description of fertility in females with CAH we
refer to the literature (94, 95, 96).
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Several cohort studies as well as case reports also
show that the course of pregnancy and the outcome of
pregnancies are mostly uneventful (92). As dexamethasone
crosses the placenta, it is essential that only
hydrocortisone and prednisolone are used for hormone
replacement during pregnancy to avoid adverse effects
on the foetus. Usually the hormone replacement dose
used pre-conceptionally can be continued throughout
pregnancy. An increase of glucocorticoid dose of 20-40%
in the second- and third-trimester might be considered
similarly as in primary adrenal insufficiency although
personal experience shows that in most cases this is not
necessary. During labour and delivery, however, stress
doses are clearly indicated (92, 97). All patients need to
be aware of sick day rules and equipped with emergency
kits, thus re-education of patients is recommended.
Evidence-based disease monitoring parameters during
pregnancy are, however, lacking. Patients therefore are
mainly monitored according to clinical signs of over- and
undertreatment with glucocorticoids. Physicians need to
be aware of pregnancy-associated changes in hormone
parameters. Two main parameters of disease control as
17-hydroxyprogesterone for glucocorticoid dosing ad
renin for mineralocorticoid dose adjustment dramatically
increase during pregnancy and thus cannot be used for
monitoring purposes. Instead androgens, in particular
free testosterone, might be better hormonal disease
monitoring parameters, however, pregnancy-caused
changes need to be taken into consideration (98).

Gonadal dysfunction and paternity in rare
CAH variants

TART has been described in CAH patients with
11p-hydroxylase deficiency and 3p-hydroxy-steroid
dehydrogenase type 2 deficiency (7, 12, 99, 100). In
contrast to 11p-hydroxylase deficiency, which only
affects the adrenal steroidogenesis, 3p-hydroxy-steroid
dehydrogenase type 2 deficiency reduce both adrenal
and gonadal steroidogenesis (7, 8). Occasional males and
females with 11B-hydroxylase deficiency have been able to
have children of their own (101, 102). Only one male with
3p-hydroxy-steroid dehydrogenase type 2 deficiency has
been reported to father children but there was no genetic
testing to confirm his paternity (103). If any female with
3p-hydroxy-steroid dehydrogenase type 2 deficiency has
been able to be a biological mother is unclear (8). Since
17a-hydroxylase/17,20-lyase deficiency usually presents as
a sexually infantile adolescent phenotypic female (either

Gonadal dysfunction in CAH

46,XX or 46,XY) sex steroid replacement is necessary
according to the sex of rearing (104). Although patients
with 17a-hydroxylase/17,20-lyase deficiency are normally
considered infertile a few cases of successful pregnancies
after fertility treatment (frozen embryo transfer (FET))
have been reported (105, 102, 106). The majority of
patients with P450 oxidoreductase deficiency have
atypical genitalia (6). Patients with P450 oxidoreductase
deficiency, at least classic, are also considered infertile,
but successful pregnancies have been documented after
fertility treatment (FET) (107, 108). Lipoid CAH and
cholesterol side-chain cleavage enzyme deficiency are the
most severe forms of CAH with impaired production of
cortisol, aldosterone and sex steroids (104). One woman
with lipoid CAH has after fertility treatment (clomiphene
stimulation) been able to have two successful pregnancies
(109). It should be noted that even though gonadal
dysfunction seems to be present in almost all cases
and paternity infrequent in rare CAH variants, normal
gonadal function and fertility have occurred in sporadic
cases (102, 103). In milder NC form of rare CAH variants,
some of these patients may not have been diagnosed, the
gonadal function and fertility is more unclear (95).

Conclusions and practice recommendations

Optimal hormonal control is a key factor for adequate
gonadal function in males and females with CAH, already
during adolescence and young adulthood.

In all adolescent with CAH

Evaluation of hormonal control by regular measurements
of adrenal steroids and parameters of the HPG axis should
be performed.

In females with CAH

Asses the regularity of the menstrual cycle during each
visit. When amenorrhea or irregular menstruation
is  present, measurement of  androstenedione,
17-hydroxyprogesterone, LH, FSH, testosterone, oestradiol
and progesterone is recommended to rule out hormonal
causes of gonadal dysfunction. Consider intensifying
glucocorticoid treatment with careful monitoring of
17-hydroxyprogesterone and androstenedione as well
as adverse effects from supraphysiological dosages
of glucocorticoids. Routine imaging to detect OART
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and polycystic ovaries is not recommended. Low
dose glucocorticoid treatment with hydrocortisone
or prednisolone in NCCAH may be considered when
patients seek fertility since it can shorten the time to
conception and seems to reduce the risk for miscarriage.
As dexamethasone traverses the placenta, it should not be

given during pregnancy.

In males with CAH

Yearly evaluation for TART using ultrasonography is
recommended during adolescence in classic forms
of CAH or even earlier in poorly controlled patients.
However, if no TART or only small stable TART are

found in a well-controlled adult male with CAH,

ultrasound screening every 2-5 years may be enough.
We recommend yearly evaluation of gonadal function by
measuring LH, FSH, testosterone, oestradiol and SHBG,
androstenedione. Inhibin B could be considered. Normal
levels of gonadotropins and testosterone do not rule out
gonadal dysfunction especially in patients with small
testis volumes. Consider using the androstenedione to
testosterone ratio to differentiate between an adrenal and
a testicular origin of the androgens. When TART is present
cryopreservation of semen should be considered.

Declaration of interest

Hedi Claahsen-van der Grinten is an Associate Editor of European Journal of
Endocrinology. She was not involved in the editorial or peer review process
for this paper, on which she is listed as an author. The other authors have
nothing to disclose.

Funding

This work was supported by the Deutsche Forschungsgemeinschaft
(Heisenberg Professorship 325768017 to N R). All other authors declare
that there are no relevant sources of funding relevant to this manuscript.

References

1 Speiser PW, Arlt W, Auchus RJ, Baskin LS, Conway GS, Merke DP,
Meyer-Bahlburg HFL, Miller WL, Murad MH, Oberfield SE et al.
Congenital adrenal hyperplasia due to steroid 21-hydroxylase
deficiency: an Endocrine Society clinical practice guideline. Journal of
Clinical Endocrinology and Metabolism 2018 103 4043-4088. (https://
doi.org/10.1210/jc.2018-01865)

2 Merke DP & Auchus R]. Congenital adrenal hyperplasia due to
21-hydroxylase deficiency. New England Journal of Medicine 2020 383
1248-1261. (https://doi.org/10.1056/NEJMra1909786)

3 Arlt W, Willis DS, Wild SH, Krone N, Doherty EJ, Hahner S, Han TS,
Carroll PV, Conway GS, Rees DA et al. Health status of adults with
congenital adrenal hyperplasia: a cohort study of 203 patients.
Journal of Clinical Endocrinology and Metabolism 2010 95 5110-5121.
(https://doi.org/10.1210/jc.2010-0917)

4 Gidlof S, Falhammar H, Thilen A, von Dobeln U, Ritzen M, Wedell A
& Nordenstrom A. One hundred years of congenital adrenal
hyperplasia in Sweden: a retrospective, population-based cohort

Gonadal dysfunction in CAH

study. Lancet: Diabetes and Endocrinology 2013 1 35-42. (https://doi.
org/10.1016/52213-8587(13)70007-X)

5 Hannah-Shmouni F, Morissette R, Sinaii N, Elman M, Prezant TR,
Chen W, Pulver A & Merke DP. Revisiting the prevalence of
nonclassic congenital adrenal hyperplasia in US Ashkenazi Jews and
Caucasians. Genetics in Medicine 2017 19 1276-1279. (https://doi.
0rg/10.1038/gim.2017.46)

6 Dean B, Chrisp GL, Quartararo M, Maguire AM, Hameed S,

King BR, Munns CF, Torpy DJ, Falhammar H & Rushworth RL. P450
oxidoreductase deficiency: a systematic review and meta-analysis of
genotypes, phenotypes, and their relationships. Journal of Clinical
Endocrinology and Metabolism 2020 105 dgz255. (https://doi.
org/10.1210/clinem/dgz255)

7 Bulsari K & Falhammar H. Clinical perspectives in congenital adrenal
hyperplasia due to 11beta-hydroxylase deficiency. Endocrine 2017 55
19-36. (https://doi.org/10.1007/s12020-016-1189-x)

8 Al Alawi AM, Nordenstrom A & Falhammar H. Clinical perspectives
in congenital adrenal hyperplasia due to 3beta-hydroxysteroid
dehydrogenase type 2 deficiency. Endocrine 2019 63 407-421.
(https://doi.org/10.1007/s12020-018-01835-3)

9 Bouvattier C, Esterle L, Renoult-Pierre P, de la Perriere AB,

Illouz F, Kerlan V, Pascal-Vigneron V, Drui D, Christin-Maitre S,
Galland F 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. Journal of
Clinical Endocrinology and Metabolism 2015 100 2303-2313. (https://
doi.org/10.1210/jc.2014-4124)

10 Hagenfeldt K, Janson PO, Holmdahl G, Falhammar H, Filipsson H,
Frisen L, Thoren M & Nordenskjold A. Fertility and pregnancy
outcome in women with congenital adrenal hyperplasia due to
21-hydroxylase deficiency. Human Reproduction 2008 23 1607-1613.
(https://doi.org/10.1093/humrep/den118)

11 Daae E, Feragen KB, Waehre A, Nermoen I & Falhammar H. Sexual
orientation in individuals with congenital adrenal hyperplasia: a
systematic review. Frontiers in Behavioral Neuroscience 2020 14 38.
(https://doi.org/10.3389/fnbeh.2020.00038)

12 Engels M, Span PN, van Herwaarden AE, Sweep FCG]J,

Stikkelbroeck NMML & Claahsen-van der Grinten HL. Testicular
adrenal rest tumors: current insights on prevalence, characteristics,
origin, and treatment. Endocrine Reviews 2019 40 973-987. (https://
doi.org/10.1210/er.2018-00258)

13 Claahsen-van der Grinten HL, Otten BJ, Stikkelbroeck MML,

Sweep FCGJ & Hermus ARMM. Testicular adrenal rest tumours in
congenital adrenal hyperplasia. Best Practice and Research: Clinical
Endocrinology and Metabolism 2009 23 209-220. (https://doi.
0rg/10.1016/j.beem.2008.09.007)

14 Falhammar H, Nystrom HEF, Ekstrom U, Granberg S, Wedell A &
Thoren M. Fertility, sexuality and testicular adrenal rest tumors in
adult males with congenital adrenal hyperplasia. European Journal of
Endocrinology 2012 166 441-449. (https://doi.org/10.1530/EJE-11-
0828)

15 Wilkins L, FW & Howard J. "Macrogenitosomia precox associated
with hperplasia of the androgenic tissue of the adrenal and death
from corticoadrenal insufficiency. Endocrinology 1940 100
2303-2313.

16 Falhammar H, Frisen L, Norrby C, Almqvist C, Hirschberg AL,
Nordenskjold A & Nordenstrom A. Reduced frequency of biological
and increased frequency of adopted children in males with
21-hydroxylase deficiency: a Swedish population-based national
cohort study. Journal of Clinical Endocrinology and Metabolism 2017
102 4191-4199. (https://doi.org/10.1210/jc.2017-01139)

17 Engels M, Gehrmann K, Falhammar H, Webb EA, Nordenstrom A,
Sweep FC, Span PN, van Herwaarden AE, Rohayem J, Richter-
Unruh A et al. Gonadal function in adult male patients with
congenital adrenal hyperplasia. European Journal of Endocrinology
2018 178 285-294. (https://doi.org/10.1530/EJE-17-0862)

https://eje.bioscientifica.com

Downloaded from Bioscientifica.com at 09/27/2021 02:27:15PM
via free access

Neurocrine EX1069
Page 9 of 13


https://eje.bioscientifica.com
https://eje.bioscientifica.com
https://doi.org/10.1210/jc.2018-01865
https://doi.org/10.1210/jc.2018-01865
https://doi.org/10.1210/jc.2018-01865
https://doi.org/10.1210/jc.2018-01865
https://doi.org/10.1056/NEJMra1909786
https://doi.org/10.1056/NEJMra1909786
https://doi.org/10.1210/jc.2010-0917
https://doi.org/10.1210/jc.2010-0917
https://doi.org/10.1016/S2213-8587(13)70007-X
https://doi.org/10.1016/S2213-8587(13)70007-X
https://doi.org/10.1016/S2213-8587(13)70007-X
https://doi.org/10.1016/S2213-8587(13)70007-X
https://doi.org/10.1038/gim.2017.46
https://doi.org/10.1038/gim.2017.46
https://doi.org/10.1038/gim.2017.46
https://doi.org/10.1038/gim.2017.46
https://doi.org/10.1210/clinem/dgz255
https://doi.org/10.1210/clinem/dgz255
https://doi.org/10.1210/clinem/dgz255
https://doi.org/10.1210/clinem/dgz255
https://doi.org/10.1007/s12020-016-1189-x
https://doi.org/10.1007/s12020-016-1189-x
https://doi.org/10.1007/s12020-018-01835-3
https://doi.org/10.1007/s12020-018-01835-3
https://doi.org/10.1210/jc.2014-4124
https://doi.org/10.1210/jc.2014-4124
https://doi.org/10.1210/jc.2014-4124
https://doi.org/10.1210/jc.2014-4124
https://doi.org/10.1093/humrep/den118
https://doi.org/10.1093/humrep/den118
https://doi.org/10.3389/fnbeh.2020.00038
https://doi.org/10.3389/fnbeh.2020.00038
https://doi.org/10.1210/er.2018-00258
https://doi.org/10.1210/er.2018-00258
https://doi.org/10.1210/er.2018-00258
https://doi.org/10.1210/er.2018-00258
https://doi.org/10.1016/j.beem.2008.09.007
https://doi.org/10.1016/j.beem.2008.09.007
https://doi.org/10.1016/j.beem.2008.09.007
https://doi.org/10.1016/j.beem.2008.09.007
https://doi.org/10.1530/EJE-11-0828
https://doi.org/10.1530/EJE-11-0828
https://doi.org/10.1530/EJE-11-0828
https://doi.org/10.1530/EJE-11-0828
https://doi.org/10.1210/jc.2017-01139
https://doi.org/10.1210/jc.2017-01139
https://doi.org/10.1530/EJE-17-0862
https://doi.org/10.1530/EJE-17-0862

European Journal of Endocrinology

Review H L Claahsen-van der
Grinten and others

18 Avila NA, Premkumar A & Merke DP. Testicular adrenal rest tissue
in congenital adrenal hyperplasia: comparison of MR imaging and
sonographic findings. American Journal of Roentgenology 1999 172
1003-1006. (https://doi.org/10.2214/ajr.172.4.10587136)

19 Yilmaz R, Sahin D, Aghayev A, Erol OB, Poyrazoglu §, Saka N
& Yekeler E. Sonography and magnetic resonance imaging
characteristics of testicular adrenal rest tumors. Polish Journal of
Radiology 2017 82 583-588. (https://doi.org/10.12659/PJR.901986)

20 Stikkelbroeck NM, Otten BJ, Pasic A, Jager GJ, Sweep CG, Noordam K
& Hermus AR. High prevalence of testicular adrenal rest tumors,
impaired spermatogenesis, and Leydig cell failure in adolescent and
adult males with congenital adrenal hyperplasia. Journal of Clinical

Endocrinology and Metabolism 2001 86 5721-5728. (https://doi.
0rg/10.1210/jcem.86.12.8090)

21 Claahsen-van der Grinten HL, Dehzad F, Kamphuis-van Ulzen K
& de Korte CL. Increased prevalence of testicular adrenal rest
tumours during adolescence in congenital adrenal hyperplasia.
Hormone Research in Paediatrics 2014 82 238-244. (https://doi.
0rg/10.1159/000365570)

22 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. Clinical Endocrinology 2013 78 667-672. (https://
doi.org/10.1111/cen.12033)

23 Mendes-Dos-Santos CT, Martins DL, Guerra-Junior G, Baptista MTM,
de-Mello MP, de Oliveira LC, Morcillo AM & Lemos-Marini SHV.
Prevalence of testicular adrenal rest tumor and factors associated
with its development in congenital adrenal hyperplasia.

Hormone Research in Paediatrics 2018 90 161-168. (https://doi.
0rg/10.1159/000492082)

24 Dumic M, Duspara V, Grubic Z, Oguic SK, Skrabic V & Kusec V.
Testicular adrenal rest tumors in congenital adrenal hyperplasia-
cross-sectional study of 51 Croatian male patients. European Journal of
Pediatrics 2017 176 1393-1404. (https://doi.org/10.1007/s00431-017-
3008-7)

25 Shanklin DR, Richardson AP, Jr & Rothstein G. Testicular hilar
nodules in adrenogenital syndrome. The nature of the nodules.
American Journal of Diseases of Children 1963 106 243-250. (https://
doi.org/10.1001/archpedi.1963.02080050245001)

26 Kocova M, Janevska V & Anastasovska V. Testicular adrenal rest
tumors in boys with 21-hydroxylase deficiency, timely diagnosis
and follow-up. Endocrine Connections 2018 7 544-552. (https://doi.
0rg/10.1530/EC-18-0097)

27 Cabrera MS, Vogiatzi MG & New MI. Long term outcome in adult
males with classic congenital adrenal hyperplasia. Journal of Clinical
Endocrinology and Metabolism 2001 86 3070-3078. (https://doi.
0rg/10.1210/jcem.86.7.7668)

28 Ashley RA, McGee SM, Isotaolo PA, Kramer SA & Cheville JC. Clinical
and pathological features associated with the testicular tumor of
the adrenogenital syndrome. Journal of Urology 2007 177 546-549;
discussion 549. (https://doi.org/10.1016/j.juro.2006.09.041)

29 Tanaka M, Enatsu N, Chiba K & Fujisawa M. Two cases of reversible
male infertility due to congenital adrenal hyperplasia combined with
testicular adrenal rest tumor. Reproductive Medicine and Biology 2018
17 93-97. (https://doi.org/10.1002/rmb2.12068)

30 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 congenital adrenal hyperplasia and testicular adrenal rest
tumors. Fertility and Sterility 2007 88 705.e5-705.€8. (https://doi.
org/10.1016/j.fertnstert.2006.11.148)

31 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. Journal of Pediatric Endocrinology

Gonadal dysfunction in CAH

and Metabolism 2004 17 645-653. (https://doi.org/10.1515/
jpem.2004.17.4.645)

32 Rich MA, Keating MA, Levin HS & Kay R. Tumors of the
adrenogenital syndrome: an aggressive conservative approach.
Journal of Urology 1998 160 1838-1841. (https://doi.org/10.1016/
50022-5347(01)62429-7)

33 Lottspeich C, Miiller-Lisse U, Seiler L, Schmitt-Graeff AH,

Reincke M & Reisch N. Three cases of testicular adrenal rest tumors
in congenital adrenal hyperplasia-a diagnostic and therapeutic
challenge. Urology 2019 129 24-28. (https://doi.org/10.1016/j.
urology.2019.03.005)

34 Reisch N, Rottenkolber M, Greifenstein A, Krone N, Schmidt H,
Reincke M, Schwarz HP & Beuschlein F. Testicular adrenal rest tumors
develop independently of long-term disease control: a longitudinal
analysis of 50 adult men with congenital adrenal hyperplasia due to
classic 21-hydroxylase deficiency. Journal of Clinical Endocrinology and
Metabolism 2013 98 E1820-E1826. (https://doi.org/10.1210/jc.2012-
3181)

35 Mazzilli R, Stigliano A, Delfino M, Olana S, Zamponi V, Iorio C,
Defeudis G, Cimadomo D, Toscano V & Mazzilli F. The high
prevalence of testicular adrenal rest tumors in adult men with
congenital adrenal hyperplasia is correlated with ACTH levels.
Frontiers in Endocrinology 2019 10 335. (https://doi.org/10.3389/
fendo.2019.00335)

36 Lottrup G, Nielsen JE, Skakkebaek NE, Juul A & Rajpert-De Meyts E.
Abundance of DLK1, differential expression of CYP11B1, CYP21A2
and MC2R, and lack of INSL3 distinguish testicular adrenal rest
tumours from Leydig cell tumours. European Journal of Endocrinology
2015 172 491-499. (https://doi.org/10.1530/EJE-14-0810)

37 Claahsen-van der Grinten HL, Otten BJ, Sweep FCGJ, Span PN,

Ross HA, Meuleman EJH & Hermus ARMM. Testicular tumors in
patients with congenital adrenal hyperplasia due to 21-hydroxylase
deficiency show functional features of adrenocortical tissue. Journal
of Clinical Endocrinology and Metabolism 2007 92 3674-3680. (https://
doi.org/10.1210/jc.2007-0337)

38 Smeets EEJW, Span PN, van Herwaarden AE, Wevers RA,

Hermus ARMM, Sweep FCGJ & Claahsen-van der Grinten HL.
Molecular characterization of testicular adrenal rest tumors in
congenital adrenal hyperplasia: lesions with both adrenocortical and
Leydig cell features. Journal of Clinical Endocrinology and Metabolism
2015 100 E524-ES530. (https://doi.org/10.1210/jc.2014-2036)

39 Gutleb AC, Cambier S & Serchi T. Impact of endocrine disruptors on
the thyroid hormone system. Hormone Research in Paediatrics 2016 86
271-278. (https://doi.org/10.1159/000443501)

40 Viger RS, Guittot SM, Anttonen M, Wilson DB & Heikinheimo M.
Role of the GATA family of transcription factors in endocrine
development, function, and disease. Molecular Endocrinology 2008 22
781-798. (https://doi.org/10.1210/me.2007-0513)

41 Inaba H, Suzuki S, Shigematsu S, Shinomiya K, Ohfusa H, Shimojo Y,
Uehara T & Hashizume K. Leydig cell tumor and malignant
lymphoma in a patient with nonclassical 21-hydroxylase deficiency.
Internal Medicine 2009 48 601-605. (https://doi.org/10.2169/
internalmedicine.48.1733)

42 Santoriello A, Benevento R, Petronella P, Perna G & Canonico S.
Congenital adrenal hyperplasia and Leydig cell tumor of testis. Case
report and review of literature. Annali Italiani di Chirurgia 2010 81
445-448.

43 Charfi N, Kamoun M, Feki Mnif M, Mseddi N, Mnif F, Kallel N,

Ben Naceur B, Rekik N, Fourati H, Daoud E et al. Leydig cell
tumor associated with testicular adrenal rest tumors in a patient
with congenital adrenal hyperplasia due to 11beta-hydroxylase
deficiency. Case Reports in Urology 2012 2012 648643. (https://doi.
org/10.1155/2012/648643)

44 Entezari P, Kajbafzadeh AM, Mahjoub F & Vasei M. Leydig cell tumor
in two brothers with congenital adrenal hyperplasia due to 11-beta

https://eje.bioscientifica.com

Downloaded from Bioscientifica.com at 09/27/2021 02:27:15PM
via free access

Neurocrine EX1069
Page 10 of 13


https://eje.bioscientifica.com
https://eje.bioscientifica.com
https://doi.org/10.2214/ajr.172.4.10587136
https://doi.org/10.2214/ajr.172.4.10587136
https://doi.org/10.12659/PJR.901986
https://doi.org/10.12659/PJR.901986
https://doi.org/10.1210/jcem.86.12.8090
https://doi.org/10.1210/jcem.86.12.8090
https://doi.org/10.1210/jcem.86.12.8090
https://doi.org/10.1210/jcem.86.12.8090
https://doi.org/10.1159/000365570
https://doi.org/10.1159/000365570
https://doi.org/10.1159/000365570
https://doi.org/10.1159/000365570
https://doi.org/10.1111/cen.12033
https://doi.org/10.1111/cen.12033
https://doi.org/10.1111/cen.12033
https://doi.org/10.1111/cen.12033
https://doi.org/10.1159/000492082
https://doi.org/10.1159/000492082
https://doi.org/10.1159/000492082
https://doi.org/10.1159/000492082
https://doi.org/10.1007/s00431-017-3008-7
https://doi.org/10.1007/s00431-017-3008-7
https://doi.org/10.1007/s00431-017-3008-7
https://doi.org/10.1007/s00431-017-3008-7
https://doi.org/10.1001/archpedi.1963.02080050245001
https://doi.org/10.1001/archpedi.1963.02080050245001
https://doi.org/10.1001/archpedi.1963.02080050245001
https://doi.org/10.1001/archpedi.1963.02080050245001
https://doi.org/10.1530/EC-18-0097
https://doi.org/10.1530/EC-18-0097
https://doi.org/10.1530/EC-18-0097
https://doi.org/10.1530/EC-18-0097
https://doi.org/10.1210/jcem.86.7.7668
https://doi.org/10.1210/jcem.86.7.7668
https://doi.org/10.1210/jcem.86.7.7668
https://doi.org/10.1210/jcem.86.7.7668
https://doi.org/10.1016/j.juro.2006.09.041
https://doi.org/10.1016/j.juro.2006.09.041
https://doi.org/10.1002/rmb2.12068
https://doi.org/10.1002/rmb2.12068
https://doi.org/10.1016/j.fertnstert.2006.11.148
https://doi.org/10.1016/j.fertnstert.2006.11.148
https://doi.org/10.1016/j.fertnstert.2006.11.148
https://doi.org/10.1016/j.fertnstert.2006.11.148
https://doi.org/10.1515/jpem.2004.17.4.645
https://doi.org/10.1515/jpem.2004.17.4.645
https://doi.org/10.1515/jpem.2004.17.4.645
https://doi.org/10.1515/jpem.2004.17.4.645
https://doi.org/10.1016/S0022-5347(01)62429-7
https://doi.org/10.1016/S0022-5347(01)62429-7
https://doi.org/10.1016/S0022-5347(01)62429-7
https://doi.org/10.1016/S0022-5347(01)62429-7
https://doi.org/10.1016/j.urology.2019.03.005
https://doi.org/10.1016/j.urology.2019.03.005
https://doi.org/10.1016/j.urology.2019.03.005
https://doi.org/10.1016/j.urology.2019.03.005
https://doi.org/10.1210/jc.2012-3181
https://doi.org/10.1210/jc.2012-3181
https://doi.org/10.1210/jc.2012-3181
https://doi.org/10.1210/jc.2012-3181
https://doi.org/10.3389/fendo.2019.00335
https://doi.org/10.3389/fendo.2019.00335
https://doi.org/10.3389/fendo.2019.00335
https://doi.org/10.3389/fendo.2019.00335
https://doi.org/10.1530/EJE-14-0810
https://doi.org/10.1530/EJE-14-0810
https://doi.org/10.1210/jc.2007-0337
https://doi.org/10.1210/jc.2007-0337
https://doi.org/10.1210/jc.2007-0337
https://doi.org/10.1210/jc.2007-0337
https://doi.org/10.1210/jc.2014-2036
https://doi.org/10.1210/jc.2014-2036
https://doi.org/10.1159/000443501
https://doi.org/10.1159/000443501
https://doi.org/10.1210/me.2007-0513
https://doi.org/10.1210/me.2007-0513
https://doi.org/10.2169/internalmedicine.48.1733
https://doi.org/10.2169/internalmedicine.48.1733
https://doi.org/10.2169/internalmedicine.48.1733
https://doi.org/10.2169/internalmedicine.48.1733
https://doi.org/10.1155/2012/648643
https://doi.org/10.1155/2012/648643
https://doi.org/10.1155/2012/648643
https://doi.org/10.1155/2012/648643

European Journal of Endocrinology

H L Claahsen-van der
Grinten and others

Review

hydroxylase deficiency: a case report. International Urology and
Nephrology 2012 44 133-137. (https://doi.org/10.1007/s11255-010-
9890-9)

45 Ferrari M, Raber M, Capitanio U, Russo G, Ferrario M, Rizzo N,
Freschi M, Rigatti P & Montorsi F. Leydig cell tumor of the spermatic
cord in an adolescent affected by congenital adrenal hyperplasia.
International Journal of Urology 2012 19 954-956. (https://doi.
0rg/10.1111/j.1442-2042.2012.03074.x)

46 Piskinpasa H, Ciftci Dogansen S, Kusku Cabuk F, Guzey D,

Sahbaz NA, Akdeniz YS & Mert M. Bilateral adrenal and testicular
mass in a patient with congenital adrenal hyperplasia. Acta
Endocrinology 2019 5 113-117.

47 Vukina J, Chism DD, Sharpless JL, Raynor MC, Milowsky MI &
Funkhouser WK. Metachronous bilateral testicular Leydig-like
tumors leading to the diagnosis of congenital adrenal hyperplasia
(adrenogenital syndrome). Case Reports in Pathology 2015 2015 1-6.
(https://doi.org/10.1155/2015/459318) 459318.

48 Altieri VM, Altieri B, Castellucci R, Alba S, Bottone F, Fragala E,
Mirone V & Greco F. Leydig cell tumour and giant adrenal
myelolipoma associated with adrenogenital syndrome: a case report
with a review of the literature. Urologia 2016 83 43-48. (https://doi.
0rg/10.5301/uro0.5000162)

49 Ali HH, Samkari A & Arabi H. Testicular adrenal rest ‘tumor’ or
Leydig cell tumor? A report of a challenging case with literature
review. Avicenna Journal of Medicine 2013 3 15-19. (https://doi.
0rg/10.4103/2231-0770.112789)

50 Rich MA & Keating MA. Leydig cell tumors and tumors associated
with congenital adrenal hyperplasia. Urologic Clinics of North America
2000 27 519-528, x. (https://doi.org/10.1016/s0094-0143(05)70099-9)

51 King TF, Lee MC, Williamson EE & Conway GS. Experience in
optimizing fertility outcomes in men with congenital adrenal
hyperplasia due to 21 hydroxylase deficiency. Clinical Endocrinology
2016 84 830-836. (https://doi.org/10.1111/cen.13001)

52 Claahsen-van der Grinten HL, Otten BJ, Hermus ARMM, Sweep FCG]J
& Hulsbergen-van de Kaa CA. Testicular adrenal rest tumors in
patients with congenital adrenal hyperplasia can cause severe
testicular damage. Fertility and Sterility 2008 89 597-601. (https://doi.
org/10.1016/j.fertnstert.2007.03.051)

53 Bry-Gauillard H, Cartes A & Young J. Mitotane for 21-hydroxylase
deficiency in an infertile man. New England Journal of Medicine 2014
371 2042-2044. (https://doi.org/10.1056/NEJMc1410041)

54 Rohayem J, Tuttelmann F, Mallidis C, Nieschlag E, Kliesch S &
Zitzmann M. Restoration of fertility by gonadotropin replacement
in a man with hypogonadotropic azoospermia and testicular adrenal
rest tumors due to untreated simple virilizing congenital adrenal
hyperplasia. European Journal of Endocrinology 2014 170 K11-K17.
(https://doi.org/10.1530/EJE-13-0449)

55 Tiryaki T, Aycan Z, Hucumenoglu S & Atayurt H. Testis sparing
surgery for steroid unresponsive testicular tumors of the congenital
adrenal hyperplasia. Pediatric Surgery International 2005 21 853-855.
(https://doi.org/10.1007/s00383-005-1547-X)

56 Claahsen-van der Grinten HL, Otten BJ, Takahashi S, Meuleman EJH,
Hulsbergen-van de Kaa C, Sweep FCGJ & Hermus ARMM. 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. Journal of
Clinical Endocrinology and Metabolism 2007 92 612-615. (https://doi.
0rg/10.1210/jc.2006-1311)

57 Kavoussi PK, Summers-Colquitt RB, Odenwald KC, Kressin M,
Kavoussi KM, Pool TB & Kavoussi SK. Sperm retrieval and
concomitant tumor resection in azoospermic men with congenital
adrenal hyperplasia and bilateral testicular adrenal rest tumors: a case
report. Journal of Assisted Reproduction and Genetics 2016 33 545-548.

(https://doi.org/10.1007/s10815-016-0665-9)

58 Pitteloud N, Dwyer AA, DeCruz S, Lee H, Boepple PA, Crowley WEF,
Jr & Hayes FJ. Inhibition of luteinizing hormone secretion by

Gonadal dysfunction in CAH

testosterone in men requires aromatization for its pituitary but not
its hypothalamic effects: evidence from the tandem study of normal
and gonadotropin-releasing hormone-deficient men. Journal of
Clinical Endocrinology and Metabolism 2008 93 784-791. (https://doi.
0rg/10.1210/jc.2007-2156)

59 Benvenga S, Smedile G, Lo Giudice F & Trimarchi F. Testicular
adrenal rests: evidence for luteinizing hormone receptors
and for distinct types of testicular nodules differing for their
autonomization. European Journal of Endocrinology 1999 141 231-237.
(https://doi.org/10.1530/eje.0.1410231)

60 Combes-Moukhovsky ME, Kottler ML, Valensi P, Boudou P, Sibony M
& Attali JR. Gonadal and adrenal catheterization during adrenal
suppression and gonadal stimulation in a patient with bilateral
testicular tumors and congenital adrenal hyperplasia. Journal of
Clinical Endocrinology and Metabolism 1994 79 1390-1394. (https://
doi.org/10.1210/jcem.79.5.7962333)

61 Abbe CR, Page ST & Thirumalai A. Male contraception. Yale Journal of
Biology and Medicine 2020 93 603-613.

62 Auchus RJ. Management considerations for the adult with congenital
adrenal hyperplasia. Molecular and Cellular Endocrinology 2015 408
190-197. (https://doi.org/10.1016/j.mce.2015.01.039)

63 Turcu AF, Mallappa A, Elman MS, Avila NA, Marko J, Rao H,
Tsodikov A, Auchus RJ & Merke DP. 11-Oxygenated androgens are
biomarkers of adrenal volume and testicular adrenal rest tumors
in 21-hydroxylase deficiency. Journal of Clinical Endocrinology and
Metabolism 2017 102 2701-2710. (https://doi.org/10.1210/jc.2016-
3989)

64 Imamichi Y, Yuhki KI, Orisaka M, Kitano T, Mukai K,

Ushikubi F, Taniguchi T, Umezawa A, Miyamoto K & Yazawa T.
11-Ketotestosterone is a major androgen produced in human gonads.
Journal of Clinical Endocrinology and Metabolism 2016 101 3582-3591.
(https://doi.org/10.1210/jc.2016-2311)

65 Storbeck KH, Bloem LM, Africander D, Schloms L, Swart P
& Swart AC. 11beta-Hydroxydihydrotestosterone and
11-ketodihydrotestosterone, novel C19 steroids with androgenic
activity: a putative role in castration resistant prostate cancer?
Molecular and Cellular Endocrinology 2013 377 135-146. (https://doi.
org/10.1016/j.mce.2013.07.006)

66 Tiitinen A & Valimaki M. Primary infertility in 45-year-old man
with untreated 21-hydroxylase deficiency: successful outcome with
glucocorticoid therapy. Journal of Clinical Endocrinology and Metabolism
2002 87 2442-2445. (https://doi.org/10.1210/jcem.87.6.8616)

67 Kalachanis I, Rousso D, Kourtis A, Goutzioulis F, Makedos G &
Panidis D. Reversible infertility, pharmaceutical and spontaneous,
in a male with late onset congenital adrenal hyperplasia, due to
21-hydroxylase deficiency. Archives of Andrology 2002 48 37-41.
(https://doi.org/10.1080/014850102753385198)

68 Urban MD, Lee PA & Migeon CJ. Adult height and fertility in
men with congenital virilizing adrenal hyperplasia. New England
Journal of Medicine 1978 299 1392-1396. (https://doi.org/10.1056/
NEJM197812212992505)

69 Jaaskelainen J, Kiekara O, Hippelainen M & Voutilainen R. Pituitary
gonadal axis and child rate in males with classical 21-hydroxylase
deficiency. Journal of Endocrinological Investigation 2000 23 23-27.
(https://doi.org/10.1007/BF03343671)

70 Reisch N, Flade L, Scherr M, Rottenkolber M, Pedrosa Gil F,
Bidlingmaier M, Wolff H, Schwarz HP, Quinkler M, Beuschlein F
et al. High prevalence of reduced fecundity in men with congenital
adrenal hyperplasia. Journal of Clinical Endocrinology and Metabolism
2009 94 1665-1670. (https://doi.org/10.1210/jc.2008-1414)

71 Volkl T™M, Ohl L, Rauh M, Schofl C & Dorr HG. Adrenarche and
puberty in children with classic congenital adrenal hyperplasia due
to 21-hydroxylase deficiency. Hormone Research in Paediatrics 2011 76
400-410. (https://doi.org/10.1159/000333696)

72 Feldman S, Billaud L, Thalabard JC, Raux-Demay MC, Mowszowicz I,
Kuttenn F & Mauvais-Jarvis P. Fertility in women with late-onset

https://eje.bioscientifica.com

Downloaded from Bioscientifica.com at 09/27/2021 02:27:15PM
via free access

Neurocrine EX1069
Page 11 of 13


https://eje.bioscientifica.com
https://eje.bioscientifica.com
https://doi.org/10.1007/s11255-010-9890-9
https://doi.org/10.1007/s11255-010-9890-9
https://doi.org/10.1007/s11255-010-9890-9
https://doi.org/10.1007/s11255-010-9890-9
https://doi.org/10.1111/j.1442-2042.2012.03074.x
https://doi.org/10.1111/j.1442-2042.2012.03074.x
https://doi.org/10.1111/j.1442-2042.2012.03074.x
https://doi.org/10.1111/j.1442-2042.2012.03074.x
https://doi.org/10.1155/2015/459318
https://doi.org/10.1155/2015/459318
459318
459318
https://doi.org/10.5301/uro.5000162
https://doi.org/10.5301/uro.5000162
https://doi.org/10.5301/uro.5000162
https://doi.org/10.5301/uro.5000162
https://doi.org/10.4103/2231-0770.112789
https://doi.org/10.4103/2231-0770.112789
https://doi.org/10.4103/2231-0770.112789
https://doi.org/10.4103/2231-0770.112789
https://doi.org/10.1016/s0094-0143(05)70099-9
https://doi.org/10.1016/s0094-0143(05)70099-9
https://doi.org/10.1111/cen.13001
https://doi.org/10.1111/cen.13001
https://doi.org/10.1016/j.fertnstert.2007.03.051
https://doi.org/10.1016/j.fertnstert.2007.03.051
https://doi.org/10.1016/j.fertnstert.2007.03.051
https://doi.org/10.1016/j.fertnstert.2007.03.051
https://doi.org/10.1056/NEJMc1410041
https://doi.org/10.1056/NEJMc1410041
https://doi.org/10.1530/EJE-13-0449
https://doi.org/10.1530/EJE-13-0449
https://doi.org/10.1007/s00383-005-1547-x
https://doi.org/10.1007/s00383-005-1547-x
https://doi.org/10.1210/jc.2006-1311
https://doi.org/10.1210/jc.2006-1311
https://doi.org/10.1210/jc.2006-1311
https://doi.org/10.1210/jc.2006-1311
https://doi.org/10.1007/s10815-016-0665-9
https://doi.org/10.1007/s10815-016-0665-9
https://doi.org/10.1210/jc.2007-2156
https://doi.org/10.1210/jc.2007-2156
https://doi.org/10.1210/jc.2007-2156
https://doi.org/10.1210/jc.2007-2156
https://doi.org/10.1530/eje.0.1410231
https://doi.org/10.1530/eje.0.1410231
https://doi.org/10.1210/jcem.79.5.7962333
https://doi.org/10.1210/jcem.79.5.7962333
https://doi.org/10.1210/jcem.79.5.7962333
https://doi.org/10.1210/jcem.79.5.7962333
https://doi.org/10.1016/j.mce.2015.01.039
https://doi.org/10.1016/j.mce.2015.01.039
https://doi.org/10.1210/jc.2016-3989
https://doi.org/10.1210/jc.2016-3989
https://doi.org/10.1210/jc.2016-3989
https://doi.org/10.1210/jc.2016-3989
https://doi.org/10.1210/jc.2016-2311
https://doi.org/10.1210/jc.2016-2311
https://doi.org/10.1016/j.mce.2013.07.006
https://doi.org/10.1016/j.mce.2013.07.006
https://doi.org/10.1016/j.mce.2013.07.006
https://doi.org/10.1016/j.mce.2013.07.006
https://doi.org/10.1210/jcem.87.6.8616
https://doi.org/10.1210/jcem.87.6.8616
https://doi.org/10.1080/014850102753385198
https://doi.org/10.1080/014850102753385198
https://doi.org/10.1056/NEJM197812212992505
https://doi.org/10.1056/NEJM197812212992505
https://doi.org/10.1056/NEJM197812212992505
https://doi.org/10.1056/NEJM197812212992505
https://doi.org/10.1007/BF03343671
https://doi.org/10.1007/BF03343671
https://doi.org/10.1210/jc.2008-1414
https://doi.org/10.1210/jc.2008-1414
https://doi.org/10.1159/000333696
https://doi.org/10.1159/000333696

European Journal of Endocrinology

H L Claahsen-van der
Grinten and others

Review

adrenal hyperplasia due to 21-hydroxylase deficiency. Journal of
Clinical Endocrinology and Metabolism 1992 74 635-639. (https://doi.
org/10.1210/jcem.74.3.1310999)

73 Stikkelbroeck NM, Sweep CG, Braat DD, Hermus AR & Otten B]J.
Monitoring of menstrual cycles, ovulation, and adrenal suppression
by saliva sampling in female patients with 21-hydroxylase deficiency.
Fertility and Sterility 2003 80 1030-1036. (https://doi.org/10.1016/
s0015-0282(03)01006-9)

74 Reisch N, Taylor AE, Nogueira EF, Asby DJ, Dhir V, Berry A, Krone N,
Auchus RJ, Shackleton CHL, Hanley NA et al. Alternative pathway
androgen biosynthesis and human fetal female virilization. PNAS
2019 116 22294-22299. (https://doi.org/10.1073/pnas.1906623116)

75 Kamrath C, Hochberg Z, Hartmann MF, Remer T & Wudy SA.
Increased activation of the alternative ‘backdoor’ pathway in patients
with 21-hydroxylase deficiency: evidence from urinary steroid
hormone analysis. Journal of Clinical Endocrinology and Metabolism
2012 97 E367-E375. (https://doi.org/10.1210/jc.2011-1997)

76 Casteras A, De Silva P, Rumsby G & Conway GS. Reassessing
fecundity in women with classical congenital adrenal hyperplasia
(CAH): normal pregnancy rate but reduced fertility rate. Clinical
Endocrinology 2009 70 833-837. (https://doi.org/10.1111/j.1365-
2265.2009.03563.x)

77 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. Clinical Endocrinology 1995 43 291-296. (https://doi.
org/10.1111/j.1365-2265.1995.tb02034.x)

78 Hoepffner W, Schulze E, Bennek J, Keller E & Willgerodt H.
Pregnancies in patients with congenital adrenal hyperplasia with
complete or almost complete impairment of 21-hydroxylase activity.
Fertility and Sterility 2004 81 1314-1321. (https://doi.org/10.1016/j.
fertnstert.2003.10.024)

79 Crocker MK, Barak S, Millo CM, Beall SA, Niyyati M, Chang R,

Avila NA, Van Ryzin C, Segars J, Quezado M et al. Use of PET/CT
with cosyntropin stimulation to identify and localize adrenal rest
tissue following adrenalectomy in a woman with congenital adrenal
hyperplasia. Journal of Clinical Endocrinology and Metabolism 2012 97
E2084-E2089. (https://doi.org/10.1210/jc.2012-2298)

80 Tiosano D, Vlodavsky E, Filmar S, Weiner Z, Goldsher D & Bar-
Shalom R. Ovarian adrenal rest tumor in a congenital adrenal
hyperplasia patient with adrenocorticotropin hypersecretion
following adrenalectomy. Hormone Research in Paediatrics 2010 74
223-228. (https://doi.org/10.1159/000295722)

81 Claahsen-van der Grinten HL, Stikkelbroeck MM, Bulten J & den
Heyer M. Ectopic adrenal rests in congenital adrenal hyperplasia as
a cause of androgen excess after adrenalectomy detected by pelvic
venous sampling. Hormone Research in Paediatrics 2013 80 293-298.
(https://doi.org/10.1159/000354659)

82 Zaarour MG, Atallah DM, Trak-Smayra VE & Halaby GH. Bilateral
ovary adrenal rest tumor in a congenital adrenal hyperplasia
following adrenalectomy. Endocrine Practice 2014 20 e69-e74.
(https://doi.org/10.4158/EP13092.CR)

83 Su Z, Li YY, Ma HM, Zhang ] & Du ML. Characterization of ovarian
adrenal rest tumors in children and adolescent females with
congenital adrenal hyperplasia due to 21-hydroxylase deficiency.
Zhonghua Er Ke za Zhi 2016 54 414-418. (https://doi.org/10.3760/
cma.j.issn.0578-1310.2016.06.005)

84 Stikkelbroeck NM, Hermus AR, Schouten D, Suliman HM,

Jager GJ, Braat DD & Otten BJ. Prevalence of ovarian adrenal rest
tumours and polycystic ovaries in females with congenital adrenal
hyperplasia: results of ultrasonography and MR imaging. European
Radiology 2004 14 1802-1806. (https://doi.org/10.1007/s00330-004-
2329-x)

85 Bernard V, Chougnet CN, Tenenbaum F & Young J.
131I-noriodocholesterol uptake by testicular adrenal rest tumors in
a patient with classical 21-hydroxylase deficiency. Journal of Clinical

Gonadal dysfunction in CAH

Endocrinology and Metabolism 2014 99 3956-3957. (https://doi.
0rg/10.1210/jc.2014-2195)

86 Moran C, Azziz R, Carmina E, Dewailly D, Fruzzetti F, Ibanez L,
Knochenhauer ES, Marcondes JA, Mendonca BB, Pignatelli D
et al. 21-Hydroxylase-deficient nonclassic adrenal hyperplasia
is a progressive disorder: a multicenter study. American Journal
of Obstetrics and Gynecology 2000 183 1468-1474. (https://doi.
0rg/10.1067/mob.2000.108020)

87 Moran C, Azziz R, Weintrob N, Witchel SF, Rohmer V, Dewailly D,
Marcondes JA, Pugeat M, Speiser PW, Pignatelli D et al. Reproductive
outcome of women with 21-hydroxylase-deficient nonclassic adrenal
hyperplasia. Journal of Clinical Endocrinology and Metabolism 2006 91
3451-3456. (https://doi.org/10.1210/jc.2006-0062)

88 Bidet M, Bellanne-Chantelot C, Galand-Portier MB, Golmard JL,
Tardy V, Morel Y, Clauin S, Coussieu C, Boudou P, Mowzowicz I et al.
Fertility in women with nonclassical congenital adrenal hyperplasia
due to 21-hydroxylase deficiency. Journal of Clinical Endocrinology and
Metabolism 2010 95 1182-1190. (https://doi.org/10.1210/jc.2009-
1383)

89 Strandqvist A, Falhammar H, Lichtenstein P, Hirschberg AL,

Wedell A, Norrby C, Nordenskjold A, Frisen L & Nordenstrom A.
Suboptimal psychosocial outcomes in patients with congenital
adrenal hyperplasia: epidemiological studies in a nonbiased national
cohort in Sweden. Journal of Clinical Endocrinology and Metabolism
2014 99 1425-1432. (https://doi.org/10.1210/jc.2013-3326)

90 Eyal O, Ayalon-Dangur I, Segev-Becker A, Schachter-Davidov A,
Israel S & Weintrob N. Pregnancy in women with nonclassic
congenital adrenal hyperplasia: time to conceive and outcome.
Clinical Endocrinology 2017 87 552-556. (https://doi.org/10.1111/
cen.13429)

91 Hirschberg AL, Gidlof S, Falhammar H, Frisen L, Almqvist C,
Nordenskiold A & Nordenstrom A. Reproductive and perinatal
outcomes in women with congenital adrenal hyperplasia — a
population-based cohort study. Journal of Clinical Endocrinology and
Metabolism 2021 106 €957-e965. (https://doi.org/10.1210/clinem/
dgaa801)

92 Reisch N. Pregnancy in congenital adrenal hyperplasia. Endocrinology
and Metabolism Clinics of North America 2019 48 619-641. (https://
doi.org/10.1016/j.ec1.2019.05.011)

93 MacKay D, Nordenstrom A & Falhammar H. Bilateral adrenalectomy
in congenital adrenal hyperplasia: a systematic review and meta-
analysis. Journal of Clinical Endocrinology and Metabolism 2018 103
1767-1778. (https://doi.org/10.1210/jc.2018-00217)

94 Claahsen-van der Grinten HL, Stikkelbroeck NM, Sweep CG,
Hermus AR & Otten BJ. Fertility in patients with congenital adrenal
hyperplasia. Journal of Pediatric Endocrinology and Metabolism 2006 19
677-685. (https://doi.org/10.1515/jpem.2006.19.5.677)

95 Lekarev O, Lin-Su K & Vogiatzi MG. Infertility and reproductive
function in patients with congenital adrenal hyperplasia:
pathophysiology, advances in management, and recent outcomes.
Endocrinology and Metabolism Clinics of North America 2015 44
705-722. (https://doi.org/10.1016/j.ecl.2015.07.009)

96 Gomes LG, Bachega TASS & Mendonca BB. Classic congenital adrenal
hyperplasia and its impact on reproduction. Fertility and Sterility 2019
111 7-12. (https://doi.org/10.1016/j.fertnstert.2018.11.037)

97 Livadas S & Bothou C. Management of the female with non-classical
congenital adrenal hyperplasia (NCCAH): a patient-oriented
approach. Frontiers in Endocrinology 2019 10 366. (https://doi.
org/10.3389/fendo.2019.00366)

98 Soldin OP, Guo T, Weiderpass E, Tractenberg RE, Hilakivi-Clarke L
& Soldin §J. Steroid hormone levels in pregnancy and 1 year
postpartum using isotope dilution tandem mass spectrometry.
Fertility and Sterility 2005 84 701-710. (https://doi.org/10.1016/j.
fertnstert.2005.02.045)

99 Benkert AR, Young M, Robinson D, Hendrickson C, Lee PA &

Strauss KA. Severe salt-losing 3beta-hydroxysteroid dehydrogenase

https://eje.bioscientifica.com

Downloaded from Bioscientifica.com at 09/27/2021 02:27:15PM
via free access

Neurocrine EX1069
Page 12 of 13


https://eje.bioscientifica.com
https://eje.bioscientifica.com
https://doi.org/10.1210/jcem.74.3.1310999
https://doi.org/10.1210/jcem.74.3.1310999
https://doi.org/10.1210/jcem.74.3.1310999
https://doi.org/10.1210/jcem.74.3.1310999
https://doi.org/10.1016/s0015-0282(03)01006-9
https://doi.org/10.1016/s0015-0282(03)01006-9
https://doi.org/10.1016/s0015-0282(03)01006-9
https://doi.org/10.1016/s0015-0282(03)01006-9
https://doi.org/10.1073/pnas.1906623116
https://doi.org/10.1073/pnas.1906623116
https://doi.org/10.1210/jc.2011-1997
https://doi.org/10.1210/jc.2011-1997
https://doi.org/10.1111/j.1365-2265.2009.03563.x
https://doi.org/10.1111/j.1365-2265.2009.03563.x
https://doi.org/10.1111/j.1365-2265.2009.03563.x
https://doi.org/10.1111/j.1365-2265.2009.03563.x
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/10.1111/j.1365-2265.1995.tb02034.x
https://doi.org/10.1111/j.1365-2265.1995.tb02034.x
https://doi.org/10.1016/j.fertnstert.2003.10.024
https://doi.org/10.1016/j.fertnstert.2003.10.024
https://doi.org/10.1016/j.fertnstert.2003.10.024
https://doi.org/10.1016/j.fertnstert.2003.10.024
https://doi.org/10.1210/jc.2012-2298
https://doi.org/10.1210/jc.2012-2298
https://doi.org/10.1159/000295722
https://doi.org/10.1159/000295722
https://doi.org/10.1159/000354659
https://doi.org/10.1159/000354659
https://doi.org/10.4158/EP13092.CR
https://doi.org/10.4158/EP13092.CR
https://doi.org/10.3760/cma.j.issn.0578-1310.2016.06.005
https://doi.org/10.3760/cma.j.issn.0578-1310.2016.06.005
https://doi.org/10.3760/cma.j.issn.0578-1310.2016.06.005
https://doi.org/10.3760/cma.j.issn.0578-1310.2016.06.005
https://doi.org/10.1007/s00330-004-2329-x
https://doi.org/10.1007/s00330-004-2329-x
https://doi.org/10.1007/s00330-004-2329-x
https://doi.org/10.1007/s00330-004-2329-x
https://doi.org/10.1210/jc.2014-2195
https://doi.org/10.1210/jc.2014-2195
https://doi.org/10.1210/jc.2014-2195
https://doi.org/10.1210/jc.2014-2195
https://doi.org/10.1067/mob.2000.108020
https://doi.org/10.1067/mob.2000.108020
https://doi.org/10.1067/mob.2000.108020
https://doi.org/10.1067/mob.2000.108020
https://doi.org/10.1210/jc.2006-0062
https://doi.org/10.1210/jc.2006-0062
https://doi.org/10.1210/jc.2009-1383
https://doi.org/10.1210/jc.2009-1383
https://doi.org/10.1210/jc.2009-1383
https://doi.org/10.1210/jc.2009-1383
https://doi.org/10.1210/jc.2013-3326
https://doi.org/10.1210/jc.2013-3326
https://doi.org/10.1111/cen.13429
https://doi.org/10.1111/cen.13429
https://doi.org/10.1111/cen.13429
https://doi.org/10.1111/cen.13429
https://doi.org/10.1210/clinem/dgaa801
https://doi.org/10.1210/clinem/dgaa801
https://doi.org/10.1210/clinem/dgaa801
https://doi.org/10.1210/clinem/dgaa801
https://doi.org/10.1016/j.ecl.2019.05.011
https://doi.org/10.1016/j.ecl.2019.05.011
https://doi.org/10.1016/j.ecl.2019.05.011
https://doi.org/10.1016/j.ecl.2019.05.011
https://doi.org/10.1210/jc.2018-00217
https://doi.org/10.1210/jc.2018-00217
https://doi.org/10.1515/jpem.2006.19.5.677
https://doi.org/10.1515/jpem.2006.19.5.677
https://doi.org/10.1016/j.ecl.2015.07.009
https://doi.org/10.1016/j.ecl.2015.07.009
https://doi.org/10.1016/j.fertnstert.2018.11.037
https://doi.org/10.1016/j.fertnstert.2018.11.037
https://doi.org/10.3389/fendo.2019.00366
https://doi.org/10.3389/fendo.2019.00366
https://doi.org/10.3389/fendo.2019.00366
https://doi.org/10.3389/fendo.2019.00366
https://doi.org/10.1016/j.fertnstert.2005.02.045
https://doi.org/10.1016/j.fertnstert.2005.02.045
https://doi.org/10.1016/j.fertnstert.2005.02.045
https://doi.org/10.1016/j.fertnstert.2005.02.045

European Journal of Endocrinology

Review H L Claahsen-van der
Grinten and others

deficiency: treatment and outcomes of HSD3B2. Journal of Clinical
Endocrinology and Metabolism 2015 100 E1105-E1115. (https://doi.
0rg/10.1210/jc.2015-2098)

100 Lolis E, Juhlin CC, Nordenstrom A & Falhammar H. Extensive bilateral
adrenal rest testicular tumors in a patient with 3beta-hydroxysteroid
dehydrogenase type 2 deficiency. Journal of the Endocrine Society 2018 2
513-517. (https://doi.org/10.1210/js.2018-00082)

101 Simm PJ & Zacharin MR. Successful pregnancy in a patient with
severe 11-beta-hydroxylase deficiency and novel mutations in
CYP11B1 gene. Hormone Research 2007 68 294-297. (https://doi.
0rg/10.1159/000107651)

102 Bulsari K, Maple-Brown L & Falhammar H. Two rare forms of
congenital adrenal hyperplasia, 11beta hydroxylase deficiency
and 17-hydroxylase/17,20-lyase deficiency, presenting with novel
mutations. Hormones 2018 17 127-132. (https://doi.org/10.1007/
$42000-018-0006-8)

103 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.
Endocrine Connections 2018 7 395-402. (https://doi.org/10.1530/
EC-17-0306)

104 Miller WL. MECHANISMS IN ENDOCRINOLOGY: Rare defects in
adrenal steroidogenesis. European Journal of Endocrinology 2018 179
R125-R141. (https://doi.org/10.1530/EJE-18-0279)

Gonadal dysfunction in CAH

105 Marsh CA & Auchus R]. Fertility in patients with genetic deficiencies
of cytochrome P450c17 (CYP17A1): combined 17-hydroxylase/17,20-
lyase deficiency and isolated 17,20-lyase deficiency. Fertility
and Sterility 2014 101 317-322. (https://doi.org/10.1016/j.
fertnstert.2013.11.011)

106 Falhammar H. Successful fertility outcome in a woman with
17a-hydroxylase deficiency. Clinical Endocrinology 2018 88 607-609.
(https://doi.org/10.1111/cen.13549)

107 Song T, Wang B, Chen H, Zhu J & Sun H. In vitro fertilization-
frozen embryo transfer in a patient with cytochrome P450
oxidoreductase deficiency: a case report. Gynecological
Endocrinology 2018 34 385-388. (https://doi.org/10.1080/09513590.
2017.1393663)

108 Papadakis GE, Dumont A, Bouligand ], Chasseloup F, Raggi A,
Catteau-Jonard S, Boute-Benejean O, Pitteloud N, Young J &
Dewailly D. Non-classic cytochrome P450 oxidoreductase deficiency
strongly linked with menstrual cycle disorders and female infertility
as primary manifestations. Human Reproduction 2020 35 939-949.
(https://doi.org/10.1093/humrep/deaa020)

109 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. Journal of Clinical
Endocrinology and Metabolism 2009 94 1333-1337. (https://doi.
0rg/10.1210/jc.2008-1694)

Received 22 September 2020
Revised version received 2 December 2020
Accepted 14 December 2020

https://eje.bioscientifica.com

Downloaded from Bioscientifica.com at 09/27/2021 02:27:15PM
via free access

Neurocrine EX1069
Page 13 of 13


https://eje.bioscientifica.com
https://eje.bioscientifica.com
https://doi.org/10.1210/jc.2015-2098
https://doi.org/10.1210/jc.2015-2098
https://doi.org/10.1210/jc.2015-2098
https://doi.org/10.1210/jc.2015-2098
https://doi.org/10.1210/js.2018-00082
https://doi.org/10.1210/js.2018-00082
https://doi.org/10.1159/000107651
https://doi.org/10.1159/000107651
https://doi.org/10.1159/000107651
https://doi.org/10.1159/000107651
https://doi.org/10.1007/s42000-018-0006-8
https://doi.org/10.1007/s42000-018-0006-8
https://doi.org/10.1007/s42000-018-0006-8
https://doi.org/10.1007/s42000-018-0006-8
https://doi.org/10.1530/EC-17-0306
https://doi.org/10.1530/EC-17-0306
https://doi.org/10.1530/EC-17-0306
https://doi.org/10.1530/EC-17-0306
https://doi.org/10.1530/EJE-18-0279
https://doi.org/10.1530/EJE-18-0279
https://doi.org/10.1016/j.fertnstert.2013.11.011
https://doi.org/10.1016/j.fertnstert.2013.11.011
https://doi.org/10.1016/j.fertnstert.2013.11.011
https://doi.org/10.1016/j.fertnstert.2013.11.011
https://doi.org/10.1111/cen.13549
https://doi.org/10.1111/cen.13549
https://doi.org/10.1080/09513590.2017.1393663
https://doi.org/10.1080/09513590.2017.1393663
https://doi.org/10.1080/09513590.2017.1393663
https://doi.org/10.1080/09513590.2017.1393663
https://doi.org/10.1093/humrep/deaa020
https://doi.org/10.1093/humrep/deaa020
https://doi.org/10.1210/jc.2008-1694
https://doi.org/10.1210/jc.2008-1694
https://doi.org/10.1210/jc.2008-1694
https://doi.org/10.1210/jc.2008-1694

	Abstract
	Gonadal dysfunction in males with CAH
	Testicular adrenal rest tumours (TART)
	Secondary gonadal failure in male patients with CAH

	Child rate in males with CAH
	Gonadal dysfunction in females with CAH
	Adrenal overproduction of androgens in females with CAH
	Adrenal overproduction of progestins
	Ovarian adrenal rest tumours
	Gonadal aspects in non-classic CAH (NCCAH)

	Pregnancy in females with CAH including child rate
	Gonadal dysfunction and paternity in rare CAH variants
	Conclusions and practice recommendations
	In all adolescent with CAH
	In females with CAH
	In males with CAH

	Declaration of interest
	Funding
	References



